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RIC'S RAMBLINGS 
Welcome to summer! I feel this time around we need to talk about 
celebrating success. If I had written this before the final of Euro 2020 – then 
I would have been even more up-beat in the expectation that perhaps, 
just perhaps, it was coming home. However the dreaded penalties struck 
again and – well yes England lost and it didn’t come home, rather it went to 
Rome. But that doesn’t mean we shouldn’t celebrate the success of all our 
UK teams who took part and achieving something really special – bringing 
the country together after the stresses and strains of the past 16 months.

Actually if I’m totally honest I prefer the game played with the non-spherical 
ball, where you can pick it up and run with it – come on the British Lions!

Sport aside –what I think we should be really celebrating is in fact the 
amazing UK photonics sector, in which we in the laser industry play a 
critical role. The Photonics Leadership Group have just published the latest 
facts and figures on the size and impact of photonics in the UK.

In summary UK Photonics is now a £14.5bn industry. This is an increase 
of over £1bn over the last 2 years. There are more than 76,000 people 

employed with a gross value add (GVA) of £6.5bn to the UK economy. This 
equates to £85,000 GVA per employee, far higher than the average GVA 
per employee across all sectors. Coupled to this is a like-for-like growth 
of 12% over 2 years. So we are in good shape and I believe we should all 
take a moment to pat ourselves on the back and celebrate a remarkable 
set of figures.

Of course there is lots of hard work ahead and we want to see photonics 
(and especially lasers) continue to grow and 
build on this success. Being part of AILU 
and contributing by attending events, writing 
articles, sharing knowledge and building our 
networks will all help us to achieve even greater 
success in future.

Ric Allott
ric.allott@stfc.ac.uk                                           

FIRST WORD
The nature of lockdowns is that they are 
imposed suddenly and relaxed gradually, 
and rightly so. We are all thrilled about the 
prospect of being able to meet up again 
face-to-face and attend more live events and 
meetings. 

AILU is planning its first live event since 
October 2019 - we are focusing on the future 
(everything is changing rapidly) and gathering 
at Cranfield University on 6 October with the 
topic of Digital Manufacturing. This theme 
is one that is gathering much interest with 
remote working, automation, error reduction 
and smart manufacturing (AI, machine 
learning, IoT and Industry 4.0 included).

We look forward to seeing you in person at 
this event, but since we imagine there will be 
some international travel restrictions we are 
making it a “hybrid” event where we can allow 
international presenters to present via Zoom 
to the live and online audiences – and we will 
also open up the event to delegates joining 
online, who can’t be there in person due to 
restrictions on travel, time or requirements to 
self-isolate or shield.

Spaces are available for exhibitors and 
presenters – get in touch if you want to book. 
Hope to see many 
of you in person 
at this event. Real 
networking, real 
coffee (and tea), 
and real lunch are 
coming back!

Dave MacLellan
dave@ailu.
org.uk

ASSOCIATION NEWS

PRESIDENT'S MESSAGE 
It is our pleasure to write this message 
as incoming President and Vice 
President of AILU. Mike Poulter and 
myself picked up the mantle from Dr 
Jon Blackburn (TWI) who has done a 
tremendous job of steering AILU over 
the last couple of years. No small feat 
when we consider the challenges the 
last 18 months has brought us. We 
would be remiss indeed not to thank 
Jon for his excellent service to AILU – 
thank you Jon!

Dr Mike Poulter is well known to AILU 
members and the international lasers 
community through his role as Global 
Product Manager with TRUMPF. I 
got to know Mike through formative 
discussion relating to AILU’s identity 
and strategy. This is something we are 
keen to develop, and we have written 
to all members to seek input on just 
this matter.

Mike and myself share a passion 
for all things laser and the industrial 
application of lasers. In my capacity as 
Professor of Manufacturing Engineering 
at the University of Nottingham I am 
perhaps more academic-facing but 
as a business owner I am fully aware 
of the pressures our community 
faces in communication, networking, 
technology demonstration and research 
for the lasers business. However, this 
operating environment does bring 
opportunities and in order to realise 
these, the power of our community 
and our people will be at the heart of 
everything we do.  With this in mind, we 
are delighted to have the opportunity 
to represent our membership over 

the next couple of years and help to 
shape the strategy that will ensure 
our success for the next 25 years of 
our history. This will not however be 
achieved by a Geordie and Scouser 
alone – we need your support.

The AILU Steering Committee recently 
met to consider our purpose, mission 
and vision. While we have an excellent 
Terms of Association dating back to 
our foundation, the forthcoming launch 
of our new website provides us with 
the opportunity to refresh and update 
for the future. Input from colleagues in 
this regard has been tremendous and 
while we are finessing wording, AILU 
will continue to “connect, empower and 
guide industrial laser users.”

I would like to sign off this message 
by reminding you that your voice is 
important. We are listening and with 
your help we can make gains at an 
exciting time for lasers technology and 
for AILU.

Adam Clare                 
adam.clare@nottingham.ac.uk
Mike Poulter
mike.poulter@trumpf.com

Adam Clare Mike Poulter
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BUSINESS NEWS

LASEA HAS A NEW HQ IN 
BELGIUM

LASEA’s new headquarters is in Liege, Belgium, 
at the heart of Europe. The Belgian group 
has more than 110 employees in 4 countries 
and more than 1000 systems installed on 5 
continents.

Contact: Violette Marbehant
vmarbehant@lasea.com
www.lasea.com

II-VI & COHERENT HAVE 
MERGER APPROVAL 
II‐VI Incorporated and Coherent, Inc. have 
announced that II-VI’s shareholders and 
Coherent’s stockholders have voted 
overwhelmingly to adopt and approve, as 
applicable, all proposals relating to the previously 
announced merger agreement for II-VI to acquire 
Coherent. 

Contact: Hollie Denney
Hollie.Denney@II-VI.com
www.ii-vi.com

40 YEARS OF SUCCESS 
FOR AEROTECH UK

Aerotech's UK subsidiary founded in 1981 in 
Newbury (South of England) can look back on a 
total of 40 years of success. Aerotech Ltd, UK, 
together with Aerotech GmbH in Fürth, Germany, 
were the first European subsidiaries to herald the 
international expansion of the medium-sized US 
company.

Contact: Derrick Jepson
djepson@aerotech.com
www.aerotech.co.uk

Like most other businesses, ES Precision 
suffered from a fall in business activity in 
2020-21 because many of their key sectors 
were hit hard by the pandemic. 

ES had been contemplating an expansion of 
its current laser marking-dominated service 
to include subcontract erosion cutting, 
but hesitated to do so owing to economic 
uncertainties and reduced capital available as 
a consequence of business being hit by the 
pandemic.

An opportunity arose to apply for an 
Oxfordshire Local Enterprise Partnership 
(OxLEP) grant, and ES presented its business 
plans outlining the positive impact on the 
Oxfordshire economy in its grant application.

Erosion cutting is a promising application for 
medium power fibre lasers. It harnesses the 
flexibility of familiar galvo-driven laser marking 
systems and meets a demand for precise 
cutting of thin materials that most commercial 
flat-bed laser cutters cannot. Such large, 
expensive CO2- or fibre-based machines 
with high pressure gas nozzles are not well 
suited to producing fine features and small 

profiles in metal sheets which are of order of 
1 mm thickness.

The business plan is to present a service 
for profiling, drilling and perforating thin 
gauge materials (mainly any type of metal, 
up to about 2 mm thick) to high technology 

manufacturing in Oxfordshire and across the 
UK and Ireland. 

Integral to ES’s plans to laser cut structures 
with great accuracy is a need to precisely 
measure what has been achieved. 
This requires investment in an optical 
measurement system to provide QA and 
reports for our customers in addition to the 
laser cutting workstation.

The OxLEP committee saw the benefits of 
funding the project via the government’s 
"Getting Building Fund", which targets capital 
investment projects to take part in a much-
needed renewal phase for the economy.

ES Precision will take delivery of the erosion 
cutter and measurement system in the 
autumn and then launch the service towards 
the end of 2021.

Contact: Tim Millard
t.millard@esprecision.co.uk
www.esprecision.co.uk

COVID ECONOMY RECOVERY GRANT FACILITATES NEW  
LASER PROCESS AT ES PRECISION

A precision exposure mask created by 
erosion cutting
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CASE STUDIES

Worcestershire-based MJH Fabrications is a 
progressive subcontract fabrication specialist 
with a £2½ million annual turnover, 20,000 
sq ft premises and 18 employees. Owner 
Mike Hemming commented that in the period 
since June 2019, the company has invested 
in two AMADA fibre laser cutters with load/
unload automation systems and two press 
brakes. 

An ENSIS-3015AJ 9 kW fibre laser with MPF 
load/unload automation arrived for installation 
and commissioning in June 2019. Owner 
Mike Hemming stated “The most recent 
ENSIS arrived in spring 2020, just when the 
COVID-19 pandemic forced the UK into its 
first national lockdown. It was a worrying 
time but we opted to press ahead. As things 
turned out, it was the best decision as our 
workload just seemed to get busier and 
busier from then on.” 

An ongoing programme of investment is 
necessary at MJH as the company describes 
itself as a complete fabrication service, 
offering capabilities that extend beyond laser 
cutting and bending to punching, tube laser 
cutting, welding, insertion, machining and 
finishing. By using the advantages of the 

latest machinery and software, the company 
is able to handle jobs more efficiently, saving 
time and money for its customers.

“Big investment decisions are never easy, 
but aside from the technical capabilities of 
machines such as the ENSIS, AMADA’s 
finance package is a real help - it makes the 
investment process easy,” says Mr Hemming. 
“In addition, AMADA’s service function is 
second-to-none, which brings peace-of-
mind.”

Contact: Gary Belfort
gary.belfort@amada.co.uk
www.amada.co.uk

LASER SUBCONTRACTOR INVESTS IN A COMPLETE 
FABRICATION SERVICE FROM AMADA

Having invested in state-of-the-art laser 
equipment that would allow faster production 
turnaround, 24-hour operation, and a variable 
system for future capacity, Oldham-based laser 
cutter, ABi Laser found that the equipment’s 
full potential was hampered by the supply, 
specification, and costs of delivered nitrogen, 
which is essential for the process. 

After investigating all available options, ABi’s 
Managing Director, Arran Reader, decided 
that installing on-site nitrogen generation was 
the way to go. It would deliver significant cost 
savings, maintain supply independence, and 

ensure a continuous, reliable source of high 
purity nitrogen.

Atlas Copco provided the solution by 
installing an all-in-one nitrogen generation 
assembly HPN2 Skid 7 on a trial basis which 
provided adequate proof for Arran Reader 
that this was the route to follow. The trial also 
helped to establish the appropriate nitrogen 
purity level for ABi’s application

ABi’s tangible savings from eliminating the 
expense of delivered supplies contributes 
to reduction in the total cost of ownership. 
This in turn ensures an early payback on 
the company’s capital investment and an 
estimated ROI within 2-3 years.

Commenting on the success of the nitrogen 
project, Arran Reader said: “We are impressed 
with the performance of the system and the 
organisation and professionalism of Atlas 
Copco at all stages from the initial trial to final 
commissioning. We are saving on the cost 
of nitrogen, saving on energy consumption, 
and now have more capacity and a variable 
system for future developments”.

Contact: Arron Farghaly
arron.farghaly@atlascopco.com
www.atlascopco.co.uk

A new LVD Phoenix 10 kW laser at Dutton 
Engineering has halved cutting times, cut energy 
bills and eliminated a time-consuming finishing 
operation.

Dutton’s Managing Director Andrew Read says: 
“Around 99% of our work is on stainless steel – 
in both pure cutting and in fabrication – and it is 
mainly destined for the food and pharmaceutical 
sectors.” This is a key differentiator, as 
customers in industries like these cannot risk 
any mild steel contamination on their stainless 
steel products. Nevertheless, it is still a very 
competitive market and that is part of the reason 
Andrew decided to invest in a new fibre laser 
cutting machine.

A major, unanticipated benefit came to light 
when cutting steel covered with plastic 
protective film – which is common on high-
quality stainless steel work. As Andrew says: 
“One of the major problems we have had for 
years is that the protective plastic coating on the 
stainless sheet gets stuck to it when you cut it. 
It leaves a black residue which is horrible to get 
off. It might take a minute to cut it and then 10 
minutes to take the plastic off.

“Now, because of the power of the laser and the 
narrowness of the beam, the Phoenix fibre laser 
cuts the plastic with absolutely no residue. You 
cut the plastic film in one pass and then go back 
and cut the metal. That has been a massive 
saving for us.”

"You are always looking for ways to reduce 
costs while being more efficient. That’s what the 
new LVD Phoenix laser does for us.”

Contact: Neil Osborne
neil.osborne@lvdgroup.com
www.lvdpullmax.co.uk

Contact: Andrew Read
andrew@dutton-eng.co.uk
www.dutton-eng.co.uk

LVD LASER AT DUTTON 
ENGINEERING CUTS COSTS

LASER-CUTTING SPECIALIST SAVES WITH ATLAS 
COPCO ON-SITE NITROGEN GENERATION
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CASE STUDIES

CROFT AM INCREASE STRENGTH OF 

WOVEN WIRE FILTERS
Croft Additive 
Manufacturing was 
approached by its 
sister company Croft 
Filters to assist in the 
development of a new 
product range that 
combines additive 
manufacturing (AM) and 
conventional materials. 

Croft Filters sought an 
innovative solution designed to increase strength and stability of mesh 
only, woven wire filters, through the addition of localised supports. Croft 
AM investigated whether conventional wire mesh can be added to a metal 
3D printing build platform and then build thin layers of melted material in 
and on the woven wire mesh that acts as supports for strength in the final 
filter.

The EXOstructure filters can be made in a number of shapes and the 
support structures added to the woven wire mesh in specific patterns to 
suit the design of the filter. Extra support structures can be added to suit 
operational pressure requirements.This innovative manufacturing process 
enables a variety of different ends and fixtures to be secured to the filter 
mesh more easily and with greater precision. 

Contact: Louise Geekie
louise@croftam.co.uk
www.croftam.co.uk

Visit uk.aerotech.com or Call +44 1256 855055 AH0119B-LPM-LTD

IS THE GALVO IN YOUR SYSTEM 
STABLE AND ACCURATE?
Thousands of layers of sintered material...
Hundreds of hours of build time…
Aerotech’s AGV-HP High-Accuracy Galvo Scanners

• <10 µrad/ºC thermal drift means more accurate parts and higher yields.

• <±2.5 µm of pk-pk laser placement error means more intricate and 
innovative designs.

Aerotech’s AGV-HP eliminates  
galvo drift for flawless long builds.

AH0119B-LPM-LTD-Add-Man-ThermalStability-195x125.indd   1 1/10/2020   10:01:28 AM

CARRS WELDING PARTNER REDUCES 
ENERGY WITH BLADE COMPRESSOR

Engineering technology company, Lontra, has been working with Carrs 
Welding Technologies on their energy-saving Blade Compressor®. The 
disc, one of the key components of the Blade Compressor, it is built up 
from two separate lightweight steel parts. These are joined together to 
make a single item that is hollow in the middle.

Conventional welding would require significant heat input to fully penetrate 
the 2 mm steel section to be joined. This in turn can lead to distortion, 
movement and further machining with consequent energy use. Carrs joins 
the two parts using a concentrated high power density beam. This allows 
for faster welds and, consequently lower heat input when compared to 
conventional welding. The process consumes less than half the energy of 
traditional welding.

Contact: Alistair Houghton
alistair@carrswelding.co.uk
www.carrswelding.co.uk
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FEATURE

Jim Fieret, BOC's Applications Development 
Manager, discusses the importance 
of making the correct decision on gas 
supply for laser materials processing. He 
shares the experience of D&M Design 
& Fabrication, whose business growth 
encouraged them to reconsider their 
original choice. Jim also explains the main 
questions to consider when selecting the 
gases to support a laser cutting business. 

MAKING THE RIGHT CHOICE - A 

CASE STUDY

D&M Design & Fabrication is one of the UK’s 
leaders in laser profiling and sheet metal 
fabrication. Operating from its workshop near 
Harrogate in North Yorkshire, the business 
has grown rapidly over its 11-year history, with 
a 50-strong workforce producing precision 
metalwork for industries as diverse as 
construction, agriculture, food manufacturing and 
catering. 

In the early days as its laser-cutting workload 
scaled, D&M invested in a precision laser-cutting 
machine, and the supplier recommended a 
nitrogen generator to produce the requisite 
gas. To begin with, says company owner, 
Dave Mawer, the solution worked well for the 
business. But then they started to grow.

“A nitrogen generator is specified to the level of 
work you’re undertaking, plus a little extra. We 
were almost victims of our own success – we 
grew rapidly and after just a year of ownership 
our nitrogen generator was running 24/7 to 
keep up. After the second, third and fourth 
years the bills for repairs were ridiculous – the air 
compressor alone had every single part replaced 
four or five times over.” 

And it wasn’t just repair costs impacting on the 
business. Dave and his partner Mike Barratt 
were having to bring staff in on overtime to make 
up for delays in production due to breakdowns, 
while energy costs were eye-wateringly high. 

Says Dave: “The generator would break down 
for a couple of days and we’d have a quiet 
period where we were unable to cut, then it was 
all hands on deck to catch up. And it’s not like a 
generator can simply be switched back on and 
start working, it would take around ten hours to 
build up the nitrogen after every engineer visit. 
We were switching jobs around; moving onto 
mild steel and oxygen just to keep up.” 

When the five-year purchase period was over D&M 
didn’t hesitate. It was time to turn to bulk supply. 

A business transformed
BOC specified a bulk tank and nitrogen supply 
managed via telemetrics. The business’s usage 
is monitored remotely and the tank refilled as 
required. 

“All I know is it works, they fill it up without us 
here, it’s never gone wrong.” says Dave.

But there are added benefits to bulk supply 
beyond sustaining gas levels. Since making the 
switch from on-site generation, Dave and his 
team have noticed a significant improvement in 
the purity of their nitrogen. 

“When we were generating our own nitrogen 
and cutting thicker stainless steel, the cut edge 
would often have a pale yellow colour to it, 
indicating impurity. With bulk supply we get 
a much better quality cut, even with thicker 
stainless steel and mild steel – and it’s much 
cheaper than generating our own nitrogen for 
the job.” 

So much cheaper in fact, that the business has 
saved almost £14,000 per year on its nitrogen 
costs by purchasing liquid bulk supply from 
BOC, when the energy costs, machinery leasing 
and maintenance of its on-site generator are 
taken into account. 

No going back
“No-one tells you at the start of a nitrogen 
generation agreement what can go wrong with 
the equipment,” says Dave. “Every day we would 
have a conversation about compromising a job; 
a breakdown with the compressor, a delay to 
production – but since switching to bulk supply 
our nitrogen is something that we just don’t talk 
about. We have full confidence that we’ll have 
the gas we need; the only limiting factor to the 
business now is hours in the day.” 

CRITICAL DECISIONS: ON-SITE 

GENERATION OR BULK SUPPLY?

Which laser assist cutting gases do I need? 
To some extent it depends on the metal that 
you’re cutting. Traditionally, mild steel would 
be cut with oxygen, and stainless steel and 
aluminium with nitrogen. The reason being mild 

CUTTING AWAY THE PAIN: 

THE IMPORTANCE OF CHOOSING THE CORRECT LASER CUTTING GAS SUPPLY
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FEATURE

steel combusts with oxygen, creating additional 
heat which produces a significant increase in 
laser cutting speed. 

But today’s laser cutting machines are available 
at a power output of 15 kW or more and at 
this capacity it’s possible to cut mild steel 
much faster with nitrogen than oxygen (the 
only exception being very thick mild steel of 
8-12 mm.) With nitrogen offering a clean, 
unoxidised cut, it’s become the gas of choice for 
the majority of assisted laser cutting scenarios. 

Why should I consider liquid nitrogen? 
Liquid nitrogen produced in large industrial 
air separation units offers 99.999% minimum 
purity – a much higher purity level than any other 
production process, which means pure gas for 
when an unoxidised edge is critical. 

Using BOC as an example, liquid nitrogen is kept 
in on-site vessels which are available in multiple 
sizes and have excellent insulation properties, 
meaning the nitrogen remains cool, even in the 
hottest weather. As tanks have no moving parts, 
they are also highly reliable; a critical factor for 
any contract laser cutting business where even 
a few hours of downtime can cost thousands 
in lost revenue. And because of their long shelf 

life, they are very low maintenance and can be 
rented at an extremely competitive cost. 

Our on-site vessels can be fitted with telemetry, 
which automatically notifies us when a refill is 
required, meaning it’s possible to be topped up 
without needing to get involved. 

What volume of gas would suit me best? 
There are lots of factors that can impact on your 
usage. The type of work you’re undertaking, the 
metal, and the thickness of your material will 
determine the type of gas, level of purity and 
the pressure flow rate you require. Changing 
your material even by the slightest difference in 
thickness, or ramping up your cutting activity, will 
impact on your supply needs. 

If you are not sure of your requirement, speak 
to an industry expert who will have a deep 
understanding of the laser cutting process. 
Discuss your operations, the amount of cutting 
you’re undertaking, your shift patterns and 
materials to get a reliable estimate of your assist 
gases usage. 

Contact: Jim Fieret
jim.fieret@boc.com
www.boconline.co.uk/laser

→   Improve quality – high purity liquid nitrogen 
supply – Min 99.999%     

→   Reduce costs and eliminate downtime – reliable gas 
supply options  

→   Improve efficiency and productivity – flexible supply 
options meet different process requirements 

Laser Cutting 
with Confidence

Explore your potential and 
speak to an industry expert
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Laser Assisted   MachiningLaser Assisted   Machining
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RESEARCH & DEVELOPMENT

LBP OPTICS MAKES 
CYLINDRICAL LENS FOR 
NEW 3D SENSOR

LBP Optics, alongside sister company ULO 
Optics, has supplied a set of zinc selenide lenses 
for a cutting-edge new measurement method for 
3D shape acquisition. 

Devised by researchers at Fraunhofer IOF, 
the Glass360Dgree sensor can scan objects 
three-dimensionally, regardless of whether 
they are made of transparent plastic or glass. 
This new method is suitable for quality control 
in production processes or for applications in 
automation.

At the heart of the system is a high-energy 
CO2 laser. Using special lenses for high power 
densities, the laser beam is expanded into a line 
that vertically illuminates the entire object. For a 
high-resolution measurement result, this line is 
moved over the object in a specially coordinated 
sequence. The energy of the laser light is 
partially absorbed by the measured object and 
converted into heat. The measurement object 
emits the heat distribution which is recorded by 
two MWIR cameras.

One of the required lenses had a very steep 
cylindrical curve and LBP Optics opted to 
produce it on their newly acquired laser-assisted 
diamond turning machine – one of only a handful 
of machines of its type worldwide.

The main challenge for the LBP Optics engineers 
was to extend the machine running time from 
the pre-set standard of less than 2 hours, to 
enable one long cut over a period of around 8 
hours. The size and steepness of the curve on 
the ZnSe piece was such that it needed to be 
machined very slowly to maintain the shape. It 
was finally completed after running continuously 
for about 8 hours.

Contact: Gill Sunderland
gills@lbpoptics.com
www.lbp.co.uk

EARLY CAREER RESEARCHERS  
COMMITTEE UPDATE

KWASI AYARKWA 

NEW MEMBER

I am a Research Engineer at the Manufacturing 
Technology Centre (MTC) and work for the 
laser processing team. My current research 
focuses on process development of laser 
and arc welding systems for manufacturing 
applications.

Prior to joining the MTC, I was a doctoral 
researcher at Cranfield University where I 
studied the production of aluminium matrix 
composites using directed energy deposition 
techniques. 

The foundation of my career was during my 
first degree in Materials Engineering in Kwame 
Nkrumah University of Science and Technology, 
Ghana, where I took an interest in their 
Materials Joining course. This led me to pursue 
an MSc in Welding Engineering at Cranfield 
University. 

JEAN-MICHEL ROMANO

CAREER UPDATE

I have been involved in the laser community 
for over 9 years and joined AILU’s Early 
Career Researchers Committee at its 
inception in October 2017. At that time I 
was a postgraduate student at the University 
of Birmingham, and was awarded my PhD 
last year, for my research on laser-based 
manufacturing of easy-to-clean and non-
fouling surfaces. 

In July 2020 I joined IREPA LASER as an R&D 
engineer. IREPA LASER is an established 
French SME, conducting industrial R&D in the 
field of laser material processing.

During my career I have been interested in 
fostering cooperation between academia and 
industry. I am thrilled be contributing to AILU 
from France and extend the ECR network to 
Europe.  

Write for THE LASER USER 
Contribute text & images

We Need:
•		Business	News
•		Press	Releases
•		Technical	Articles	
•		Observations	
•		Anecdotes	
•		Case	Studies	
•		Interviews	
•		Tips	and	Tricks
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INTERVIEW

LASERS ARE A LOT MORE  
THAN WELDING AT TWI 
AN INTERVIEW WITH PAOLA DE BONO
SECTION MANAGER, LASER & SHEET PROCESSES, TWI 

Q. Can you give us an overview of TWI? 

INTERVIEW

TWI as a Professional 
Institution, The Welding 
Institute, dates back to 
1923 and, with the later 
establishment of the 
British Welding Research 
Association (BWRA) in 
1946, provides the basis 
of the company group as 
it is today.

This year TWI is 
celebrating 75 years as a 
Research & Technology 
Organisation, with 
headquarters in Granta 
Park, Cambridge and 
Industrial Members 
all over the world. 

TWI employs over 800 
staff and turnover is 
over £70 million, with 
offices and technology 
centres in Rotherham, 
Middlesbrough, Port 
Talbot and Aberdeen. 

The organisation 
offers multidisciplinary 
expertise and impartial 
advice. The core of the 
business is the provision 
of engineering and 
manufacturing solutions 
for structures. In addition 
to the well-established  
joining technologies, 
TWI covers surface 

engineering, inspection 
and whole-life integrity 
management. 

The group is supported 
by 13 international 
offices which allow for 
local presence in global 
projects. Work carried 
out includes providing 
information, technology 
transfer, consultancy, 
research and training. 
The availability of a 
multidisciplinary team 
enables a unique service 
to be provided to 
industrial manufacturing 
organisations. 
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INTERVIEW

Q. How significant is laser processing in the   
 overall structure of TWI?
Since the 1960s laser processing has been part of the portfolio 
of processes at TWI. Laser material processing has been key to 
the business, especially in the areas of joining, cutting, surface 
engineering and additive manufacturing. In addition to metals, laser 
processing includes polymers, dissimilar materials, composites and 
ceramics. Now with multiple fibre, direct diode and CO2 lasers in a 
range of wavelengths and beam qualities, the goal is to have state-
of-the-art facilities in a flexible set-up to work on a diverse range 
of projects and applications. Laser processes account for over 
£4 million of revenue annually, and 35 staff are involved in delivering 
this. As well as welding process development, our team covers 
everything from fixture design through validation and testing. At 
our Catcliffe (Rotherham) site, the team specialises in laser additive 
processes with wire and powder. 

Q. What is your experience of online events?
During the COVID-19 pandemic, online events have been one of 
the main ways to continue to exchange knowledge and keep in 
touch with our industrial network. Circumstances have caused 
a mindset change and there are some benefits (efficient use of 
time, no travel costs, international presence, access to recorded 
resources after the event) that perhaps will mean that many future 
events will become hybrid events. However, a tangible limitation is 
the social interaction that we have realised, even more now, is so 
important and might have been taken for granted until now. 

In terms of webinars, TWI started using this format some years before 
the pandemic. Now, we can have upwards of 300 people attending 
our open events, though some smaller events are more like 50 people 
where we focus on one organisation.

Q. How are you coping with the pandemic? Has  
 working from home suited you? 
Personally, COVID-19 has made me appreciate the normal things we 
used to do. I certainly missed the social interaction with colleagues, 
clients and friends. Work is more flexible now and we can mix time in 
the office in meetings or on remote sites, with other times working from 
home. I think the experience has made us all more agile, and we now 
know that we don’t always have to be in the office to get things done. 

One thing that is harder is the management of teams. We introduced 
shift working and social distancing and managed to keep our 
laboratories running throughout. I don’t think there has been a 

significant effect on our output though inevitably some projects have 
not been able to run at the predicted speed.    

Q. AILU is seeking to improve diversity and   
 inclusion, how is TWI addressing this?
When I joined TWI in 2007, I was very happy to see that the 
workplace was such a multi-cultural environment and I believe that 
diversity and inclusion are very positive aspects of working here. 
TWI launched an initiative called the Tipper Group (named after 
female engineer Constance Tipper) which seeks to attract, recruit 
and promote people regardless of age, gender, ethnic group or 
belief. Today there are many more female engineers than when I 
started, and I have progressed from a laser engineer to a section 
leader.

Q. Anything new and exciting in the pipeline   
 you can talk about?
At TWI, our laser section serves a wide range of industrial sectors. 
Electrification is a growing area (we covered it in the TWI/AILU 
workshop that I chaired last year) and this is not only automotive, 
but covers off-road vehicles, rail, aerospace and shipping as well. 
We are currently working on many aspects of battery technology, 
including safe handling of high voltage cell module assemblies, 
checking, welding and testing – using the know-how we have built 
up in this area. Recently we have been working with BMW and 
Ford to advance their electrification agendas – for people who are 
interested, some more information can be found on our website. 
There is a lot of in-house experience in fixture design and and 
battery prototype production. 

Q. What is the best thing about AILU for you?
TWI has had a long, lasting and strong relationship with AILU, 
including past presidents and members of the steering committee. 
I feel it is a great platform for the community to network both in the 
UK and internationally. It is exciting to meet new people, listen to 

presentations and attend conferences. Since 2020, I have 
been a member of the Steering Committee and it is great to be 
an active part of an enthusiastic team, and be able to make my 
own individual contribution. Also, being a part of the planning and 
delivery of ILAS and one of the webinars has been a very enjoyable 
experience. I highly recommend it! 

Contact: Paola De Bono
paola.debono@twi.co.uk
www.twi.co.uk

Laser material 
processing has been 
key to the business 	

”

“

It is great to be an 
active part of an 

enthusiastic team 

“

”
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FORWARD-THINKING CHARLES DAY (STEELS) 
INVESTS IN 'GAMECHANGER' BYSTRONIC FIBRE

JOB SHOP CORNER

Continuous investment has always been key 
to Charles Day’s success and with its latest 
addition to the laser fleet, it shows no signs 
of slowing down. Having purchased a new 
Bystronic ByStar 15 kW fibre laser with a 
cutting bed of 6000 mm x 2500 mm, it has 
once again broadened its service offering.

This new laser represents considerable 
forward-thinking and not only opens new 
opportunities for customers, but it further 
advances Charles Day’s existing capabilities. 

“The addition of a 15 kW laser is a big 
step forward in Charles Day’s already large 
capacity and capability offering” said James 
Day, Operations Director. “With the ability to 
cut thicker material (up to 50 mm) at such 
a high speed on this new laser, we also 
increase the capacity on our existing 5 lasers 
by focusing material thickness to its most 
productive machine”

“Achieving laser tolerances on parts up to 
6000 mm is a gamechanger” says Sales 
and Business Development Director Charlie 
Day.  “Where typically larger and thicker parts 
are limited to the tolerances of flame and 
plasma cutting methods (often having to be 
split and welded together later), this machine 
will offer customers greater part flexibility at 
competitive prices whilst maintaining short 
lead times”.

Contact: Charlie Day
sales@daysteel.co.uk
www.daysteel.co.uk 

Contact: Dan Thombs
dan.thombs@bystronic.com
www.bystronic.co.uk

LASER ENGRAVING ENHANCES  
GUITAR APPEARANCE

A recent job for Cut-Tec involved making a guitar 
look as good as it sounds. The company vector 
laser-printed the outline onto the body of the 
guitar in preparation for its fibre laser to engrave 
the design. The finished product was all set 
for the guitar luthier to hand engrave the final 
embellishment. Whether it’s a large-scale design, 
or an intricate pattern, laser engraving can add 
that finished touch.

Contact: Barry Proctor
barryp@cut-tec.co.uk
www.cut-tec.co.uk

Carrs Welding has its new IPG laser welding 
technology up and running. The new laser 
system means that Carrs can now achieve a 
higher degree of weld quality with the Multi-Axis 
Standard and wobble head. This combines the 
benefits of using a static laser welding head with 
the added utility of programmable, high-speed, 
small-field galvanometers for welding perfection.

Contact: Alistair Houghton
alistair@carrswelding.co.uk
www.carrswelding.co.uk
Contact: Stan Wilford
swilford@ipgphotonics.com
www.ipgphotonics.com

CARRS WELDING INVESTS IN IPG LASER SYSTEM  
TO INCREASE WELD QUALITY
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The current Pandemic is giving us all plenty of challenges 
to cope with, such as staying safe, working from home and 
managing around those self-isolating. There are, however, 
other pressing issues which are coming to light: supply 
shortages and price increases. 

For those of us in the laser cutting industry the main issue is 
raw material. Everyone I speak to seems to have a theory on 
why we are having these issues. The most obvious reason 
for the price increases are simply that the Pandemic has 
increased most businesses costs and, understandably, these 
have to be passed on.

Now, however, raw materials are in short supply. Certain 
thicknesses of mild steel, aluminium and pre-galvanised 
material in particular are becoming harder to get hold of. Of 
course this supply shortage is compounding the problem 
leading to increasingly higher prices. Our mild steel price 
has increased over 25% since last month and I’m told these 
monthly price increases are set to continue for the near 
future. Our non-ferrous monthly price list had 4 revisions 
this month. Whilst this always causes difficult conversations 
with the customers, it is the same for all of us and the 
customer will find the same result, no matter who they go to. 

The biggest problem is when materials can't be sourced at 
all. We are used to next-day deliveries and quote our turn-

around times based upon those deliveries. Now we are being 
told 1 month or more before some materials will be in stock! 

The cause of this supply shortage could be a combination of 
issues. The current Pandemic mixed with Brexit headaches 
could be causing the perfect storm for those importing 
products into the UK. Some are telling me it is more 
profitable for the European suppliers to keep the material 
on the continent. Others suggest that cheap supplies from 
China are being kept for their own domestic market creating 
the shortage in Europe. Another theory is that the mills are 
struggling to ramp back up production following a quiet 
period at the beginning of the Pandemic now that so many 
staff are off sick with Covid or having to self-isolate.

On a more positive note, everyone seems to be as busy as 
ever and the current predictions are that the economy will 
bounce back faster than the government thought, so there 
is a glimmer of hope that at least the economy is returning 
to normality. In the meantime I’ll just keep tearing my hair 
out hunting for the elusive raw metals; I suppose it saves on 
going to the barbers, which is handy as it still resembles a 
scene from E.T. in there!

Mark Millar
mark.millar@essexlaser.co.uk     
www.essexlaser.co.uk

CHAIR’S MESSAGE

MATERIAL SUPPLY ISSUES

ISSUE 101 SUMMER 2021THE LASER USER

Choose a laser 
gas supplier 
you can trust 
Laser cutting requires consistency, efficiency 
and productivity.
At Air Products we have high purity laser gases.
We will work with you to supply the most cost 
effective delivery mode to minimise waste and 
ensure flawless quality.
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ADDITIVE MANUFACTURING

In directed energy deposition (DED) additive 
manufacturing the accuracy of components 
and fine features is limited by the size of 
the melt pool and the flight path of the 
powder. The ability to adjust the focus of 
the powder stream is vital in reducing the 
feature size which may be produced. If we 
could adjust the amount and trajectory of 
powder in-flight, this would be of significant 
advantage to laser users, especially if the 
powder wastage could be reduced. This 
would enable a more controlled approach  
to manufacturing, where fine features could 
be separated from the bulk process and the 
powder focus could be adjusted to match. 
This also has the potential to be used 
adaptively, by using closed loop control to 
manage the amount of powder in the melt 
pool, reducing dilution and lack of fusion 
defects. Using magnetic fields is a new way 
to do this.

Optimising stand-off distance as well as nozzle 
design and gas flow rate can be effective in 
converging and ultimately controlling the powder 
flow to a greater extent, but more control is 
required to allow this to be done responsively. 
Melt pools larger than the powder focus 
diameter, and high laser powers, are required to 
efficiently melt the material over the whole width 
of the powder focus diameter. But, the high 
energy input required has also been shown to 
result in broader tracks, reducing the process 
resolution. Improving the convergence of powder 
streams is therefore critical to allowing narrower 
tracks to be produced, due to both the smaller 
powder stream as well as allowing smaller laser 
spot sizes and reduced powers to be used as 
a result.

Track resolution and powder catchment are 
often in opposition, as higher laser power 
and stand-off distance optimised for better 
catchment efficiency both tend to lead to an 
increase in the width of the tracks produced. 
A choice is therefore often made between an 
efficient process and one which produces a 
high-resolution product.

Development of Magnetic Assistance
In a previous feasibility study, we demonstrated 
that using a simple magnetic work holding 
device we could improve the amount of powder 
captured in tracks we produced using DED 
[1]. By increasing this catchment efficiency less 
powder was wasted and the track size could be 
changed in different positions without varying 
any other parameters.

More recently this technological capability has 
been extended, by using a programmable 
electromagnet the process can be controlled 
dynamically throughout the build in both 
magnetic steel and nickel. At the time of writing 
the work described here is undergoing peer 
review. The experimental setup is shown in 
Figure 1.   

AISI 4340 steel powder was blown onto a mild 
steel substrate with the programmable solenoid 
underneath it. Thin (1 mm) substrates were used 
so that the magnetic field from the solenoid 
could be induced locally in the substrate and 
to avoid magnetic shielding. The magnetic field 
produced by the solenoid was enhanced and 
focused using a ferrous cone, reducing the 
size of the field to about 4 mm in diameter. The 
magnetic field strength was programmed to be 

between 0 – 100 mT to compare the effect of 
different fields and later was switched off halfway 
along a track so the transition in track geometry 
could be understood. A variety of different 
toolpaths and parameters were used to assess 
the effects in various situations. Some of the 
experiments carried out are shown schematically 
in Figure 2.

Catchment Efficiency Improvement from 
Magnetic Assistance
Using magnetic assistance axially aligned to 
the laser meant that the catchment efficiency 
was improved by up to 15% at the highest 
field strength. By reducing the field strength a 
positive relationship between powder catchment 
efficiency and magnetic field strength was 
discovered, this is demonstrated in Figure 3. 
The tracks made in this condition were up to 

MAGNETIC POWDER REDISTRIBUTION 

IN DED ADDITIVE MANUFACTURING 
PETER SMITH ET AL.* 

Figure 1: The magnetically assisted DED setup (a). Showing the magnetic flux around the solenoid (b).

Figure 2: Toolpaths used in some of the experiments using magnetic assistance.
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ADDITIVE MANUFACTURING

1.5 mm wider and marginally taller than those 
created with no magnetic assistance. Dilution 
was also controlled, the increase in the size of 
the tracks meant that the dilution zone (the area 
of the track under the substrate surface) was 
significantly smaller. In general, these changes to 
track geometry were consistent even when other 
parameters such as laser power and scanning 
speed were changed. As the powder feed rate 
was increased the effects of magnetic assistance 
were generally more pronounced.   

In another experiment where the solenoid was 
placed in a fixed position under the substrate 
and the laser was allowed to scan over it (Figure 
2a) the size of the tracks produced was greater 
still, the local cross-sectional area of these 
tracks was increased by up to 200% compared 
to those without any magnetic assistance. This 
suggests that by placing magnets in know 
locations over a build area it is possible to 
tailor the deposition as required. A magnetic 
field along the edge of a part may therefore be 
effective in reducing sidewall roughness.

The effect of the magnetic field was also noted 
when using meandering toolpaths, the difference 
in the size of tracks produced is clearly visible 
in Figure 4, the size increase was as a result of 
a 10% increase in powder catchment efficiency. 
The improvement in catchment efficiency 
was also noted in more expensive pure nickel 
powder, with applications in the nuclear industry. 
When using nickel powder the catchment 
efficiency increased from 27% to 46%, this has 
potential to reduce costs dramatically when 
coating using nickel based materials. In this 
case, the magnetic field was also found to trap 
gas in the tracks, leading to a 11% increase in 
the area of pores.

Dynamic Track Size Control
When using the toolpath shown in  Figure 2c 
where the solenoid was switched off completely 
halfway along a straight track the track geometry 
was controlled dynamically. The result of this 
on track size is clearly visible in Figure 5. After 
the magnetic field was switched off the size 

of the track dropped back to the expected 
dimension after 0.24 s. This fast response time 
demonstrates that magnetic assistance could 
be capable of in-process adaptive control in the 
future.

Summary
The ability of a magnetic field to increase the 
size of tracks by manipulating the flight of 
powder is an innovative novel technique to 
reduce powder wastage and control the size 
and shape of tracks through a single-layer build. 
In future, development of this technique will 
enable adaptive control over deposition and by 
further improving the design of the magnetic field 
feature size control may be possible. Further 
work at the University of Nottingham will also 

develop new powder manufacturing methods 
which allow non-magnetic alloys to be created in 
this manner.

References
[1] Smith, P.H., Murray, J.W., Jones, D.O., Segal, 
J., Clare, A.T., 2021. Magnetically assisted 
directed energy deposition. J. Mater. Process. 
Technol. 288, 116892. https://doi.org/10.1016/j.
jmatprotec.2020.116892

*Peter Smith, James Murray, Alexander 
Jackson-Crisp, Joel Segal, Adam Clare 
(University of Nottingham)

Contact: Peter Smith
Peter.Smith2@nottingham.ac.uk
www.nottingham.ac.uk

Peter Smith is a PhD researcher within the Advanced 
Component Engineering Lab at the University of 
Nottingham. 

SEE OBSERVATIONS P28

Figure 3: Relationship between magnetic field strength and 
powder catchment efficiency.

Figure 4: Track size increase in meandering toolpaths using 
magnetic assistance.

Figure 5: Effect of swicthing the solenoid off on track geometry. Image created using from focus 
variation microscopy.
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BEAM SHAPING 

At the end of the 20th century, lasers 
revolutionised industrial welding 
applications. They allow a large amount of 
energy to be focused in one single spot with 
a very localised increase in temperature. 
For example, laser welding is widely used 
in the automotive industry for large-volume 
manufacturing and provides high quality 
standards. In this sector, lasers are used 
to weld together different parts of the 
chassis or door frames. Also, lasers can be 
automated, giving very good repeatability. 
They can be integrated on assembly lines 
and are adaptable for robot arms. At 
first sight, the laser is a perfect solution 
to answer the needs of the automotive 
industry, amongst others, but there are 
challenges that need to be addressed.

Challenges in Laser Beam Welding 
In different sectors, such as automotive 
or shipbuilding, thick materials have to be 
assembled that require welding in the keyhole 
regime. This regime involves large amounts of 
energy and high localised temperatures that 
can cause instabilities in the process. Common 
defects in laser welding are spatter, porosity, melt 
pool collapse and cracks [1]. The first challenge 
is to produce a good weld quality, which is 
primarily characterised by the absence of these 
types of defects. In general, the aim is to achieve 
a smooth weld bead with an even width. 

Another main challenge is the ability to 
implement a robust, reproducible process, 
i.e. one that will remain stable throughout its 
use, despite changing external conditions. For 
example, the large amounts of energy cause 
the beam-transmitting optics to heat up, which 
can create a temperature gradient along the 
surface of the optical element. This modifies 
the optical properties differently at each point 
on the lens, resulting in beam focus shift in the 

working plane. The goal is therefore to avoid this 
phenomenon, or at least to minimise its impact. 

Several metallic materials can be processed 
using Laser Beam Welding (LBW), such as 
stainless steel or aluminium. Currently, a new 
challenge concerns copper welding, which is 
increasingly used for electrification of motors 
and e-mobility, and widely used for battery 
component manufacturing. This material is 
relatively complex to weld because of its high 
thermal conductivity and low absorptivity in near 
infrared wavelengths. This latter point forces the 
use of very high energy densities, which lead to 
an unstable weld pool behaviour.

Different beam shaping techniques to 
improve LBW  
An answer to these challenges is laser beam 
shaping. Indeed, by giving a specific profile 
shape to the beam, it is possible to solve many 
of these issues. For example, an annular profile 
is recommended for welding stainless steel. This 
shape widens the keyhole opening, increases 
the width-to-depth ratio, limits spatter and 
increases process stability. For copper welding, 
an intense spot ensuring sufficient penetration, 
surrounded by a ring for a better temperature 
distribution can be used [2].

Several technologies exist to achieve these 
shapes: 

• Spatial Light Modulators are optical devices 
that can manipulate the properties of light, 
such as amplitude, phase and polarisation. 
They comprise a matrix of electronically 
controlled liquid crystals and can therefore 
generate a wide range of beam shapes "on 
demand". 

• Diffractive Optical Elements use light 
diffraction to control the phase of 
the laser beam. Their microstructure 

pattern can be used to create any type of 
shape in a given plane. 

• Double Core Fibre Lasers: The principle of 
this technology is relatively simple: the beam 
is guided through several concentric optical 
fibres (usually two). Depending on the chosen 
configuration, the energy can be distributed 
either in the rings or in the centre, so the 
shape of the beam changes. Two separate 
laser resonators modulate the energy 
distributed between the two cores [3].

• Multi Plane Light Conversion (MPLC): This 
technology gives control over amplitude and 
phase of the light, thanks to a succession 
of transverse phase profiles, similar to highly 
complex lenses separated by a specific 
propagation distance. Beam shaping is 
implemented in a reflective and passive way 
with no intrinsic loss and no moving parts. 

Development of an MPLC-based welding 
head 
An MPLC-based laser head was developed 
specifically for welding applications (Figure 1). 
It shapes a ring profile, with a 600 µm inner 
diameter and a 1000 µm outer diameter. 

As the technology has been implemented in 
a reflective way, it allows cooling from the rear 
of the optics. Thanks to this, the temperature 
remains uniform, which results in a drastic 
reduction of focus shift and thermal effects, 
compared to standard refractive laser heads 
that are used in combination with double 
core fibre or DOE technologies. To illustrate 
this, measurements at different powers were 
carried out using a BeamWatch that showed a 
maximum thermal focus shift of 1 mm whatever 
the power (Figure 2).

Also, the MPLC-based system proved it can 
handle very high power, up to 16 kW. This would 
be impossible using an SLM. 

IMPROVING LASER BEAM WELDING 

WITH BEAM SHAPING 
JULIEN BAYOL 

Figure 1: Illustration of MPLC technology Figure 2: Focus shift in µm as a function of time, at 8 kW
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BEAM SHAPING

Welding tests were carried out with the Institut 
Maupertuis on 6 mm thick 304 L stainless steel 
to evaluate the performance of this laser head. 
The fixed parameters were as follows: 7 kW 
power, welding speed of 1 m/min. In order to 
show the large depth of field on +/- 3 mm of 
the MPLC-based laser head, the focus point 
was successively moved from 5 mm below the 
surface to 1 mm above the surface on different 
welding tests. In each of these, full penetration 
was attained, and welding quality preserved 
(Figure 3).

A double core fibre laser generating a ring beam 
profile was used in the same conditions as a 
comparison point. The overall quality of the weld 
bead was better using the MPLC technology, 
with a larger width (5 mm vs. 3.3 mm for an 
annular shape). It enabled a reduction of spatters 
and a smoother keyhole (Figure 4). 

A welding head to be used with various lasers
In parallel, numerical simulations were carried out 
to evaluate the usability of the system off-nominal 
conditions, using various laser sources [4].

The laser used to perform the welding tests 
shown previously (a TRUMPF TruDisk 16002) 
was set as the reference condition. It has the 
following characteristics: 
• Wavelength: 1030 nm 
• Numerical aperture: 0.10 
• BPP (Beam Parameter Product): 8 mm.rad
• Input fibre diameter: 200 µm 

The output of the MPLC-based laser head using 
a TRUMPF TruDisk 8001 and a Coherent-Rofin 
HighLight FL8000 were simulated. These lasers 
both have a smaller input fibre diameter (100 
µm) and BPPs (4 mm.rad for the TruDisk 8001 
and 3.3 mm.rad for the FL8000). The laser from 
Coherent also has a larger numerical aperture, 
equal to 0.2. 

Despite their different modal content and optical 
characteristics, the result of the simulation 
shows annular profiles with slight dimensional 
variations: the diameter remains the same (800 
µm) and the thickness (difference between outer 
and inner radius) decreases (150 µm with the 
TruDisk 8001, 130 µm with the FL8000 vs. 200 
µm nominal).

This shows that the MPLC-based welding head 
can still produce a good quality beam shaping 
using other laser sources (Figure 5).

Conclusion 
Beam shaping, using the MPLC technology, has 
proven its ability to improve LBW processes in 
terms of quality, efficiency and robustness. It 
opens up the possibilities for stable welding of 
other materials, such as copper, and can be 
easily adapted to various existing environments 
and laser sources. Process results also showed 
that the MPLC-based laser head produces 
better quality welding compared to a double 
core fibre system. 
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Figure 3: Comparison of welding tests carried out with different focus points

Figure 4: Comparison of welding tests using an MPLC-based laser head vs. a double core fibre

Figure 5: Simulation results using different laser 
sources with the MPLC-based laser head

Simulation results with the Trump TruDisk 16002

Simulation results: Coherent-Rofin HighLight 
FL8000

Simulation results TRUMPF TruDisk 8001
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High power laser welding requires the 
optimisation of a range of parameters 
depending on the thermo physical 
properties of the material, the environment, 
the laser and its processing parameters 
(e.g. average power, peak power, pulse 
duration, pulse energy, pulse repetition rate, 
power density and temporal pulse shaping).  
During laser welding, shaping the pulse can 
greatly affect the weld quality (e.g. cracking 
and porosity). Pulse shaping can also be 
optimised to improve the metallurgical 
properties of the material, and also has an 
impact on the cosmetic appearance of the 
welds. 

Temporal pulse shaping has existed for many 
years and this functionality has been developed 
mainly for Nd:YAG pulsed lasers used for laser 
drilling [1, 2] and welding [3] respectively. During 
laser welding, pulse shaping works by combining 
the normal single welding sector (main sector) 
with the lower peak power sectors, which slowly 
reduces the laser energy going into weld nugget, 
allowing slow cooling. In some applications, it is 
possible to have over 10 sectors in this type of 
pulse shape but usually 3-5 is sufficient (Figure 1).

Depending on the material composition and 
weld joint requirements (i.e. mechanical and 
metallurgical properties), various pulse shapes 
can be used to improve the weld quality in terms  
of weld porosity, solidification cracking etc. 
Some of the benefits of pulse shaping during 
laser welding include:

• Crack-sensitive materials e.g. high carbon 
steels, aluminium based alloys (Al-Mg-Si & 
Al-Cu) etc.

• Materials with dissimilar melting points 
(cracking due formation of intermetallic during 
welding)

• Cast and contaminated materials (issue with 
the formation of porosity)

• Highly reflectivity materials (Cu, Au, Ag, etc.)

• Materials used in the electronics industry. 
Most of these materials are coated which can 
lead to cracking or porosity.

Prima Power Laserdyne has worked on 
developing different temporal pulse shapes with 
materials that are widely used in a range of 
applications and are susceptible to cracking and 
porosity during laser welding. The welding tests 
were conducted with a continuous wave (CW) 
high-power fibre laser and some of the results of 
this study are reviewed.

Welding data
Crack sensitive materials 
Aluminium alloys are used in a wide range of 
industrial applications because of their low 
density and good structural properties. Although 
most are considered weldable, certain aluminium 
alloys are, however, susceptible to weld metal or 
heat-affected zone cracking. This is especially 
true for 6xxx series alloys, where cracking 
has been linked to the formation of Mg-Si 
precipitates. Aluminium alloy type 6061 is the 
material of choice for a range of applications in 
the automotive and aerospace industries, among 
others, because of economics, rigidity, and ease 
of machining. However, this alloy cannot be 
successfully laser welded to itself, because the 
partially solidified melt zone cannot withstand the 
stress of shrinkage upon solidifying, and cracks 
are formed (termed “solidification cracking” or 

“hot cracking”. Optical microscopic examinations 
of the weld metal made with CW output 
exhibits severe solidification cracking (Figure 
2). The micrograph revealed a cellular dendritic 
structure with an equiaxed zone formation 
along the centreline of the weld. Cracks were 
observed along the boundaries of equiaxed 
zones formed along the weld centerline, believed 
to be solidification cracks. These cracks were 
observed only in weld metal while both HAZ and 
base material were free from cracking.

The welding tests conducted with pulse 
shaping (Figure 3) show that it was possible 
to minimise/ eliminate solidification cracking in 
6061-T6 aluminium alloy. A two- or three-sector 
pulse shape gave better control of the cooling 
rate during the welding, hence minimising the 
tendency for solidification cracking. Further 
optimisation of both laser parameters and 
welding speed is needed to reduce the top and 
bottom bead undercut respectively.

Laser welding of dissimilar materials 
The industrial interest for welding dissimilar 
metals has been increasing because the 
materials chosen for the application tend to 
be the most efficient components to meet 
the desired performance/cost parameters, 
regardless of the joinability problems. One 
such example is laser welding of powertrain 
components used in the automotive industry.

EFFECT OF TEMPORAL PULSE SHAPING 

ON MINIMISING WELDING DEFECTS  
MOHAMMED NAEEM 

Figure 1: Example of temporal pulse shape 

Figure 2: 1 mm thick 6061-T6 Al-alloy; CW output, nitrogen shield gas

Optical micrograph  
of fusion zone

Optical micrograph  
of fusion zone

Figure 3: 1mm thick 6061-T6 Al-alloy; ramp-down pulse shape, nitrogen shield gas
Ramp-down pulse shape
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For example, the differential gear is a functional 
component of the automobile powertrain and 
is composed of the differential case, drive gear, 
shafts, and ring gear. Materials used for this 
application should have good torsional stiffness, 
wear resistance and fatigue strength. Since grey 
cast iron can satisfy these requirements and has 
low material cost as well as excellent castability, 
it is widely used for the differential case of a 
powertrain. High carbon steel is also used for 
the ring gear of a powertrain. However, since 
these two base materials contain a high carbon 
content  (>0.5 equivalent carbon content (CE)), 
the weldability is poor.

Most of the material combinations used for 
powertrain applications, (e.g. grey cast iron to 
high carbon steels) are considered unweldable 
using conventional laser parameters. Currently 
laser welding of these materials is carried out 
either by:

• Inductive pre-heating, laser welding and 
inductive annealing (similar joint between high 
carbon steels). This method produces crack-
free welds with reduced hardness and no 
distortion.

• Welding of grey cast iron to high carbon steels 
with the addition of high nickel based wire.

Laser welding of high carbon steels and grey 
cast iron to high carbon steels was performed 
in this study without pre-heating and without 
addition of a filler material. The material 
combinations were hardened SAE 4130 to SAE 
8620 and hardened SAE 4130 & SAE 8620 
steels to grey cast iron. Welding tests were 
carried out to develop laser parameters which 
produce defect-free (no cracking or porosity) 
welds. 

Figure 4 highlights the dissimilar material joint 
between hardened SAE 4130 and SAE 8620 
steel. The welds made with CW output exhibit 
both cracking and porosity, whereas the welds 
made with ramp down pulse shape were defect- 
free.    

Cast iron generally has a carbon content of 
2-4%, roughly 8-10 times more than most 
carbon steels. High carbon content induces the 
carbon to form flakes of graphite. Grey cast iron 
welds are subject to the formation of porosity 
and the cold cracking susceptibility of the weld 
joints. During the laser welding of grey cast iron, 
the rapid cooling partly or completely suppresses 
graphitisation, and leads to the formation of 
cementite in the fusion zone making the weld 
joint very hard and prone to cracking. 

As weld cracking and porosity are the main 
concerns associated with these combinations 
of materials, the objective of this work was 
to develop the welding parameters, including 
pulse shapes, which make it possible to control 
the composition of the resulting weld. Figure 5 
shows the results of the control of the mixture 
of the molten materials with ramp down pulse 
shape which produced defect-free welds.

Summary
Temporal pulse shaping can significantly change 
the methodologies and manufacturing processes 
for laser welding materials that are susceptible to 

cracking and porosity i.e.

• The materials for the powertrain components, 
i.e. hardened carbon steels and cast iron, can 
be welded without pre-heating or addition of 
filling material.

• Aluminium alloys susceptible to cracking and 
porosity can be welded without adding high 
silicon wire during laser welding.  

• Pulse shaping helps engineers further 
optimise component materials in terms of 
performance and cost, while supporting the 
laser welding assembly process.
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Figure 4: 4.5 mm thick butt joint between hardened SAE 8620 (CE 0.6) and SAE 4130 (CE 0.6); no shield gas
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Figure 5: 4.5 mm thick butt joint between grey cast-iron + high carbon steel); no shield gas.
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Laser cutting uses focused laser beams. 
In the case of large material thickness, the 
depth of focus is less than the material 
thickness to be cut, which reduces the 
performance of the cutting process. 
Previous work by Fraunhofer IWS has 
shown that oscillation parallel to the work 
piece surface in the X-Y plane increases 
cutting speed and quality. This article 
discusses oscillating over the workpiece 
thickness along the Z axis. 

These technologies can be compared with 
their mechanical counterparts. Conventinal 
laser cutting is like shearing, X-Y oscillation 
like milling and Z oscilation like sawing.

As with the mechanical methods, these 
technologies have their pros and cons.

Pistol3 R&D project 
A highly dynamic Z-axis has been developed and 
tested for laser material processing within the 
Pistol3 project, funded by the German Federal 
Ministry of Education & Research (BMBF). The 
optical element enables a highly dynamic shift 
of the focus position and can be combined with 
different laser material processing heads. 

Central to this technique is the adaptive mirror 
(Figure 1), which can change the radius of 
curvature through a piezo ceramic. A focal 
length of 200 mm enables a shift of the 

focus position of approximately 15 mm. This 
is possible in the frequency range of 1 Hz - 
2.5 kHz.

The control can be asynchronous as oscillation 
or controlled for plane field correction and/
or focus shifting. The aim of the experimental 
investigations is laser sawing and the highlighting 
of the differences to state-of-the-art laser 
beam cutting. While Fraunhofer IWS developed 
the process, Kjellberg Finsterwalde tested 
the transferability to different materials and 
thicknesses.

Experimental setup
The cutting experiments used a universal setup 
consisting of a solid state laser SPP 3.2 mm 
x mrad with 4 kW laser power, a cutting head 
with a collimation focal length of 100 mm and 
a focusing focal length of 200 mm. The depth 
of focus of this configuration was 2.5 mm, 
significantly less than the investigated sheet 
thicknesses. Cutting gas pressure, nozzle type 
and nozzle diameter were chosen with reference 
to the material and thickness, and according to 
state of-the-art practices.

The adaptive mirror was added to this setup. 
and integrated as a 90° deflection element 
immediately after the collimator. 

Experimental investigations
Within the scope of the experimental 
investigations, stainless steel 1.4301 was 
examined in 10 mm, 12 mm, 15 mm and 20 mm 
thicknesses, 3.3535 steel in the thicknesses 
10 mm and 15 mm, and 1.0037 steel at 10 mm 
thickness.

LASER SAWING WITH PIETZO-DRIVEN 

ADAPTIVE MIRRORS 
PATRICK HERWIG ET AL.*

Figure 2: Quality of the produced cut edges for the 
material 1.4301 in thickness 12 mm 

Figure1: Piezo driven adaptive mirror for high power laser applications 

Figure 3: Increase of speed by laser sawing for stainless steel 1.4301 
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Based on the cutting databases, optimised 
reference cuts without adaptive optics were 
generated and evaluated with regard to 
roughness, burr adhesion and feed speed. The 
next step was to investigate laser sawing. For 
this purpose, frequency, amplitude and zero 
position of the oscillation were systematically 
varied and the maximum achievable cutting 
speed at the highest cutting quality were 
determined. The test programme included a 
linear separation cut as well as a contour cut in 
the usual complexity for material and thickness.

Results 
Given the experimental parameters used, laser 
sawing achieved a cut edge roughness and burr 
adhesion comparable to the state-of-the-art 
cutting. Figure 2 shows an example of the cut 
edges achieved for stainless steel 1.4301 with a 
thickness of 12 mm.

In addition, the cutting speed could be 
significantly increased for almost all material 
thickness combinations. Figure 3 shows the 
results for stainless steel 1.4301 where the 
cutting speed increased by up to 75%. The 
determined cutting speeds could be transferred 
to the contour cut. In the thickness of 20 mm no 
increase of the cutting speed was achieved.

Figure 4 shows the results for 1.0037 mild steel. 
The increase in cutting speed was 10% and 
could be applied to the contour cut, too. 

Figure 5 shows the results for aluminium 3.3535. 
No significant increase in speed could be 
achieved in the separation cut. However, the 
transfer to a contour cut is only possible for laser 
sawing. For the standard cut the speed had to 
be reduced by 30 %. Laser sawing contributes 
significantly to process stability and enables 
the utilisation of the entire process window for 
contour cutting.

Discussion
Laser sawing is a proven way to increase the 
cutting speed. The high-frequency oscillation 
allows a transient artificial increase in the depth 

of focus up to the range of the sheet thickness 
to be cut, by keeping a high power density 
laser beam. The transient artificially generated 
depth of focus enables a process stabilising 
kerf geometry, which allows a stable cut at the 
edge of the process window and an increase of 
cutting speed.

For 1.4301 at 20 mm thickness no significant 
improvement could be achieved. With a 
maximum stroke of the adaptive optics of 
12 mm and a static depth of focus of the cutting 
assembly of 2.5 mm, a transient artificial depth 
of focus of 17 mm can be produced. This is 
less than the sheet thickness of 20 mm and is 
assumed to be the reason for no increase of 
cutting speed. Furthermore, the laser power of 
4 kW for this cutting task is considered to be 
borderline. 

In addition to the geometric reason for the depth 
of focus, there is also a dynamic component. 
Local frequency maxima for a good cut quality 
at high cutting speed can be detected, which 
are dependent on material and thickness. The 
maximum oscillation frequency of 2.5 kHz 
does not achieve the maximum increase of the 
cutting speed in any of the investigated material-
thickness combinations.

The material-thickness-frequency dependency is 
similar to the known correlations of beam oscilla-
tion in the X-Y plane.

The adaptive mirror operates with a harmonic 
oscillation. The classical sinusoidal oscillation 
can be modified by selecting a zero position 
of the oscillation not in the centre of the sheet 
metal and a large amplitude. The focus point 
will be temporary outside the sheet metal at 
high amplitudes. This could be interpreted as 
a movement in the kerf along the cut front that 

deviates from the sine wave. Process result are 
significantly different.

In summary, there is a considerable potential 
for performance improvement. The optimised 
frequency, zero position and amplitude depend 
on material and thickness. From the preliminary 
work for beam shaping in the X-Y plane, a 
further dependence on laser power, beam quality 
and imaging ratio of the optics can be assumed.

Compared to the beam oscillation in the X-Y 
plane, the approach has no dependence on the 
feed direction.

Outlook
In addition to investigations in further laser power 
levels, a combination with oscillation in the X-Y 
plane is being planned. 

In parallel, the optimisation of the adaptive mirror 
to an industrially applicable component is also 
planned.
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Figure 4: Increase of speed by laser sawing for mild steel 1.0037 Figure 5: Increase of speed by laser sawing for aluminium 3.3535
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Laser-materials processing using ultrashort-
pulse machining presents significant 
advantages compared with traditional laser 
manufacturing methods. The laser-material 
interactions occur within a time span that 
is shorter than characteristic thermal 
diffusion, and this leads to high accuracy 
processing without Heat Affected Zones, 
and promotes non-linear interactions such 
as multi-photon absorption [1-3]. 

Thanks to the availability of robust, affordable 
ultrashort-pulse laser systems delivering 
repetition rates and average power values 
compatible with commercial applications, these 
processes are rapidly becoming mainstream. 
However the default optical characteristics of 
a laser beam, e.g. single Gaussian peak with 
linear polarisation, are often not suitable for 
many demanding applications. As a result, there 
has been a growing urgency to develop new 
methods for optimising the optical characteristics 
of ultrashort-pule laser beams e.g. intensity 
or polarisation profiles to tailor laser-material 
interactions for specific processes. Various 
optical control methods have been developed, 
referred to as adaptive optics, structuring of light 
or vector beam shaping.

Structuring the wavefront of a beam to shape 
its intensity profile can significantly increase 
processing speed and/or repeatability. This 
can be done using a fixed optic such as an 
axicon [4] or a Spatial Light Modulator (SLM) 
[5]. For example, inducing a helical structure to 
the beam wavefront produces a ring-shaped 
focal spot which helps to reduce the recast 
formation that typically appears after laser pulse 
ablation [6, 7]. Furthermore, structuring the 
beam wavefront with a Computer Generated 
Hologram (CGH) has also been used to produce 
multiple diffractive beams for high-speed parallel 
processing applications such as the manufacture 
of diffraction gratings in transparent materials [7]. 

Laser processing using CGH can increase 
throughput by more than an order of 
magnitude compared with traditional single-
beam processing [6-8]. A greater flexibility 
for micromachining can also be achieved 
by controlling polarisation, which influences 
laser-material energy coupling [8]. Polarisation 
is known to affect the speed and quality 
of processes such as drilling and surface 
structuring [8]. Circularly polarised beams are 
chosen for some laser processing applications 
due to their isotropic properties; however, they 
do not offer the best processing speed. Radially 

or azimuthally polarised beams were recently 
demonstrated to improve processing speed 
and quality [8]. In another recent development, 
SLMs have been used as adaptive optics to 
inscribe micro-structures such as waveguides 
or electrodes below the surface in transparent 
bulk materials [9, 10]. Here, we present a few 
example applications tested in our lab, where the 
optical characteristics of laser beams have been 
optimised to improve  process control, speed 
and reliability. 

Laser micro-drilling
The intensity profiles of focused beams can be 
numerically predicted by integrating the incident 
laser field according to the specified wavefront 
structure. Figure 1 shows the focal intensity 
profile of a circularly polarised beam with 

incident plane wavefronts, and with helical 
(vortex) wavefront with a helicity charge of 1 
and 2. Under the specified focusing conditions 
(microscope objective with a numerical aperture 
of 0.55) these produced annular focal diameters 
of 2.2λ and 3.9λ respectively. 

For the experiments, a Coherent Libra laser 
(λ=800 nm, pulse length =100 fs) was used with 
a spatial light modulator (SLM) to induce vortex 
wavefronts of helical charge m=0, 1 and 2 to 
the beam. The polarisation was circular. A set of 
two 300 mm focal length lenses formed a 4-F 
system to re-image the induced wavefronts to 
the pupil aperture of a 0.75 NA objective lens. 
Due to the limited 10 mm diameter of the laser 
beam, the effective NA of the lens was 0.55. The 
beam was focused on the surface of a Si wafer 
mounted on a precision 3-axis translation stage 
(Aerotech). Figure 2 shows the results of the 
drilling experiments. As the SLM can be easily 
configured to switch between different wavefront 
structures, this method allows to easily optimise 
the laser process to specific applications, by 
rapidly switching the intensity profiles between 
subsequent drilling experiments.

Laser surface texturing of Liquid 
Chromatography-Mass Spectrometer 
electrodes
The laser setup was then used for micro-
texturing electrodes for Liquid Chromatography-
Mass Spectrometer (LC-MS) instrumentation. 
The modification of the electrodes’ surface 
properties influences how they interact with 
ion contaminants, and this is expected 
to significantly improve their functional 

ULTRASHORT-PULSE PROCESSING 

WITH TAILORED LASER VECTOR FIELDS 
OLIVIER ALLEGRE ET AL.*

Figure 1: Numerical representation of the focal 
fields of a circularly polarised beam, where 
v=2π.NA.r/λ. The blue, green and red line 
shows the focal plane intensity for m=0 (plane 
wavefront), m=1 and m=2 respectively. 

Figure 2:  Top images, beam intensity profiles of circularly polarised beams with a plane wavefront, 
a wavefront helical charges of 1 and 2 shown from left to right. Bottom images; SEM micrographs 
showing micro-holes produced on a silicon wafer surface with 100 pulse at 110 nJ, from left to 
right using the corresponding wavefront structures shown above.
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performance. The surface chemistry, texture and 
crystal structure can influence the absorption 
and electronic properties of the surface, the 
susceptibility of the surface to wear and damage 
and the frictional, adhesive and wetting forces 
acting at a material interface. 

Figure 3 shows stainless steel surface after 
completion of the texturing process using a 
radially polarised beam, with a pulse energy 
of 2.3 ±0.2 μJ, i.e. fluence of ~0.11 J/cm2. It 
is noted these fluences are much lower than 
the ablation thresholds however the number of 
pulses here N=100 leads to strong incubation 
effects requiring lower fluence. Laser Induced 
Periodic Surface Structures (LIPSS) have been 
produced within the laser modified regions. 
Close examination revealed that multi-scales 
structures have been induced.

Laser direct writing of graphite electrodes 
in bulk diamond
Particle detectors used in high-energy physics 
have been made from synthetic diamond [9, 

10]. A novel manufacturing process using 
3-dimensional internal micro-electrodes has 
been developed by the University of Manchester, 
leading to significant improvements in detector 
performance compared to earlier devices. 
This process uses femtosecond laser pulses 
focused inside a 500 µm thick diamond plate 
to inscribe conductive graphite electrodes by 
scanning through the plate thickness. However, 
the process leads to depth-dependent optical 
aberrations that change the focusing properties 
during scanning. If left uncorrected, these 
aberrations will reduce performance of the 
inscribed micro-electrodes leading to detector 
failure. Figure 4, illustrates the wavefront 
correction method using an SLM. Modulating 
the wavefront to correct in real-time for the 

aberration of the laser beam due to the refractive 
index change when it enters the diamond 
creates a symmetric beam focus in the medium. 
Initial work on this approach is extremely 
promising and indicates that the SLM technique 
for producing graphitic wires in diamond leads 
to an improved resistivity (0.5 Ωcm compared to 
1 Ωcm) and thinner wires (<10 µm). 

Conclusion
The ability to control and manipulate the optical 
characteristics of a laser beam is becoming an 
increasingly desirable feature in a number of 
laser micro-processing applications. Structuring 
of wavefront and polarisation allows precise 
control intensity distribution in the focal region. 
Furthermore, being able to update these in 
real time opens up new applications such 
as those that require in-process correction 
of optical aberration. Example applications 
illustrate these benefits: silicon micro drilling, 
surface functionalisation of electrodes for 
LC-MS applications and laser direct writing of 
graphite micro-electrodes in bulk diamond, for 
manufacturing high-energy particle detectors. 
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Figure 3: Top images; beam intensity profiles measured for a radially polarized beam. Left; raw laser 
beam. Right; beam analysed with a polarising filter with its transmission axis oriented horizontally. 
Bottom images; surface textures induced by laser using the beam above, on polished surfaces of 
stainless steel 316 with 100 pulses at Ep=2.3±0.2 μJ.

Figure 4: Optical micrographs showing internal laser graphitisation within bulk diamond (blue 
images), with the corresponding laser wavefront geometry shown in black& white. The laser was 
focused from the left and scanned vertically. (a) Without wavefront correction, optical aberrations 
produced strongly distorted filaments spanning more than 100um (b) When wavefront shaping was 
used to correct for optical aberrations, process precision was improved by an order of magnitude.

Strong optical aberrations Optical aberration removed
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The possibility to modify and control 
surface structuring with texture dimensions 
down to sub-micron size has been well 
proven in various industrial fields. It has 
been shown that those structures can 
enhance or give new properties to materials 
[1, 2, 3]. 

However, those processes often use 
consumables that are toxic, difficult to 
handle and potentially harmful to the 
environment. Also, industrial deposition 
methods often do not enable nanoscale 
texture control, either changing the 
roughness of the surface or are too slow to 
be used in large scale industrial production.

To address these issues, LASEA built 
a dedicated laser machine that is able 
to texture large surfaces of parts at the 
nanoscale using the LIPSS (Laser Induced 
Periodic Surface Structures) phenomenon 
induced by laser-matter interaction during 
the laser ablation process. This work is 
part of the LASER4SURF European project 
(www.laser4surf.eu). In this article we will 
describe the laser workstation as well as 
the results obtained for applications in 
three different industrial sectors: medical 
implants, battery collectors and precision 
linear encoders.

Laser workstation
To generate the laser beam, a Satsuma laser 
source from Amplitude Systemes was used. 
The beam passed through an LS-Shape optical 
module, which adapted the beam diameter 
depending on the target application. The 
laser was directed towards the beam-shaping 
module, which included a DOE (Diffractive 
Optical Element) to modify the beam shape 
from Gaussian to top-hat. Finally, the laser 
beam entered the LS-Scan scanner-head which 
contained fast moving precision mirrors and a 
focusing lens to control the beam movements on 
the processed parts.

The laser workstation also included translation 
stages of 1.5 m which enable treatment of large 
surface parts. On top of the stages, there was 
a vacuum table system that maintained the 
flatness of thin samples to avoid local defocusing 
during the laser texturing process.

Finally, the laser workstation includes an inline 
monitoring system which measured LIPSS 
period at the end of the laser process to validate 
the quality of the surface texture.

Automation
To ensure that the laser workstation could be 
used in a production line at industrial scale, 
each component of the machine was tunable via 
control software. It is also possible to create an 
automated sequence of actions detailed below:

• Loading of laser and optical parameters 
established on the test machine.

• Use the conversion module to adapt laser 
parameters to the laser workstation.

• Control hardware to apply the new 
parameters.

• Laser processing of the part.
• Analysis of the part. 

Results
For each application presented in the following 
subsections, the test protocol used was 
identical. Firstly, the test machine was used 
to make an exhaustive study of the different 
surface textures achievable on flat test samples. 
Then, best candidates were chosen and their 
performance was tested in a manner appropriate 
to their final application (more details are given in 
the following subsections for each application). 

Based on the performance results, best laser 
and optical parameters were established.

These parameters were adapted to the laser 
workstation via the parameter conversion tool 
to reproduce the optimal surface texture on 
real parts. In the frame of the LASER4SURF 
project, three different applications were targeted 
for texturing: medical implants, battery current 
collectors and linear encoders for motion stages.    

Medical implants
In the case of medical implants, we first 
validated that the optimal surface texturing could 
be reproduced on flat test samples. This texture 
was applied on cervical plates (used to provide 
neck stability) on which different performance 
tests were carried out. The first one was a wear 
test which consists of using a tool to simulate 
natural friction of the implant with local tissues 
when implanted in the human body. Those tests 
showed that laser texturing achieved better 
performances than both non-textured parts and 
parts textured by sand-blasting (Figure 1).

The second test carried out consisted of 
developing human tissues at the surface of the 
sample to check adhesion and propagation. 
Again, laser textured parts exhibited better 
adhesion and propagation than non-textured 
parts and similar performances to parts textured 
by sand-blasting. However, tissue propagation 
direction is strongly influenced by the texture 
geometry, which can be precisely controlled 
by the laser process and opens up new 
opportunities to improve osseointegration of the 
implants [5].

Finally dental screws were also textured by laser 
with an LS5-3D laser machine to demonstrate 
the possibility to apply such textures onto parts 
with complex 3D geometries (Figure 2). The 

SURFACE FUNCTIONALISATION FOR 

INDUSTRIAL APPLICATIONS 
JÉRÔME PATARS & DAVID BRUNEEL 

Figure 2: (a) macroscopic view of a dental screw; (b) SEM images of the LIPSS nanostructures

Figure 1: Quantification of mineralisation relative 
to the number of cells

LIPSSControl Traditional sand 
blasting
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productivity of such a fully automated system 
was calculated to process more than 15,000 
screws per year depending on the geometry of 
the parts. 

Current collectors for batteries
After validating texture reproducibility on test 
samples, large surface current collectors (A4 
format) were textured both on Cu and Al foils, 
then treated by adding an Li4Ti5O12 (LTO) slurry 
to fabricate the anode and cathode (Figure 3). 

The adhesion of the LTO slurry on the structured 
samples was proven to be better on textured 
surfaces using peeling tests. Indeed, these tests 
showed that less material was removed on laser 
textured samples as well as requiring a higher 
strength to remove the material.

After the assembly of pouch cells with the 
textured current collectors, electrochemical tests 
were performed demonstrating that lifetime of 
the pouch cells could be increased by 10% as 
well as having a higher charge and discharge 
rates at higher current densities (Figure 4).

Linear encoders
We validated that we could reproduce the 
optimal texture on test samples, then real 
encoders were textured by laser over an area 
of 10 x 150 mm. The signal/noise ratio of the 
encoder was then qualified through optical tests 
which validated the precision and quality of the 
laser texturing (Figure 5). 

Conclusion
We demonstrated the feasibility of building a 
fully automated laser workstation capable of 
nanoscale texturing of LIPSS structures on 

industrial parts in the medical, battery and linear 
encoders industries.

After various performance tests were carried 
out for each application, it could be proven that 
laser textured parts showed better results than 
untextured parts or parts with more conventional 
treatment, enabling a reduction in the overall 
manufacturing process by removing several 
steps, so supporting greener manufacturing.

Acknowledgements
The Laser4Surf project has received funding 
from the EU Horizon 2020 research and 
innovation programme under grant agreement 
N° 768636.

References
[1] Stratakis, E., Ranella, A., Fotakis, C., 2011. 
“Biomimetic micro/nanostructured funtional 
surfaces for microfluidic and tissue engineering 
applications” Biomicrofluidics 5, 013411
[2] Pan, A., Dias, A., Gomez-Aranzadi, M., 
Olaizola, S. M., Rodriguez, A., 2014. “Formation 
of laser-induced periodic surface structures 
on niobium by femtosecond laser irradiation” 
Journal of Applied Physics 115, 173101
[3] Dusser, B., Sagan, Z., Soder, H., Faure, 
N., Colombier, J.P., Jourlin, M., Audouard, E., 
2010. “Controlled nanostructrures formation by 
ultra fast laser pulses for color marking” Optics 
Express
[4] de Rossi W., de Camargo Mirim ,D., Dias 
Vieira Júnior, N., Elgul Samada, R., 2015. « 
Effects of ultrashort laser ablation in copper 
and stainless steel » Lasers in Manufacturing 
Conference
[5] Martínez-Calderon, M., Manso-Silván, M., 
Rodríguez, A., Gómez-Aranzadi, M., García-Ruiz, 
J. P., Olaizola, S. M., Martín-Palma, R. J., 2016. 
“Surface micro- and nano-texturing of stainless 
steel by femtosecond laser for the control of cell 
migration” Scientic reports 6:36296

Contact: Jérôme Patars 
JPatars@lasea.com
www.lasea.eu

Jérôme Patars, R&D Engineer at LASEA, specialises in 
metal-polymer welding, optical design improvement of 
LASEA systems and laser processing. 

SEE OBSERVATIONS P29

Figure 3: (a) A4 format texturing of Cu foil; (b) A4 format texturing of Al foil

Figure 4: (a) Normalised discharge capacity at 1C; (b) Normalised discharge capacity at different 
C-rates

Figure 5: Encoder scale using LIPSS to obtain finer features and improve performance
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MAGNETIC POWDER 
REDISTRIBUTION IN DED 
ADDITIVE MANUFACTURING 

PETER SMITH ET AL.
In this article, Peter Smith and his team from the 
University of Nottingham introduce us to a novel 
method for dynamically controlling the powder 
flow during blown powder DED AM. They 
achieved this by integrating the DED set up with 
a programmable electromagnet. 

It is always very interesting to learn how further 
optimisation can be introduced to the various 
AM technologies out there. In this case, they 
were able to increase the powder catchment 
efficiency up to 46% for nickel-based powder 
and they were able to dynamically control the 
track geometry. 

This brings the advantage of being able to 
implement a resolution variable process where 
higher rates of powder catchment could be 
obtained while maintaining a high-resolution 
product. On the other hand, some of the 
disadvantages of their method might include the 
fact that the substrate thickness might be limited 
in order for the magnetic field to be effective 
and that this approach can only be applied to 
magnetic materials. However, they are working 
on further developments to overcome this 
boundary. I’m looking forward to finding out what 
they will show us next. 

Armando Caballero, Cranfield University

IMPROVING LASER BEAM 
WELDING WITH BEAM 
SHAPING 

JULIEN BAYOL
It was inevitable that as the power of 1 micron 
wavelength CW lasers steadily increases, the 
poor thermal properties, and the limited cooling 
possibilities of glass beam delivery components, 
could became a “bottleneck”. 

There is no reason to believe that there will be 
any great improvements to fused silica, or an 
alternative material to fused silica found for use 
in transmissive optics. To progress, and to be 
future proofed, beam delivery hardware will need 
to be re-designed, rather than simply uprated.    

The MPLC described here, looks to have 
overcome the “thermal lensing” shortcomings 
of transmissive beam shaping components, by 
using an all reflective design. The MPLC offers 
the possibility of using far higher laser powers 
than previously possible, whilst maintaining 
process stability.     

I’m curious to know if there is a power loss from 
the multiple reflections shown in Figure 1, and 
I’d really like to know the material used for the 
reflective phase plate, and mirror. I’m guessing 
they might be copper ?

Mark Wilkinson, LBP Optics

AUTHOR'S RESPONSE:

In theory, the only power losses from the 
multiple reflections in the MPLC cavity are due 
to reflective coating losses. In practice, we 
obtain transmission rates up to 99% with our 
CANUNDA-HP welding head. Regarding the 
material used for the reflective phase plate, I'm 
afraid I cannot answer this question, because of 
confidentiality issues.

EFFECT OF TEMPORAL 
PULSE SHAPING ON 
MINIMISING WELDING 
DEFECTS  

MOHAMMED NAEEM
This is a timely reminder from Mohammed 
Naeem about having so many ways to apply 
lasers to complex material processing problems. 
As Mo says, pulse shaping has been around for 
a long time, I recall calculating the approximate 
number of permutations for programming 
a pulse shape for JK700 laser and it was 
something ridiculous. 

The more important underlying message I 
think Mo is trying to make is that we need to 
understand materials and material behaviour 
before rushing into solving the problem. Just 
having the latest higher power CW laser is 
not the answer, it is using the flexibility of our 
technology knowledgeably which wins through. 
We now have adjustable beam modes, better 
optics, faster control systems, so the choices are 
huge but knowing what to choose is where we 
processing specialists really add the value.

Clive Grafton-Reed, Rolls-Royce

LASER SAWING WITH 
PIETZO-DRIVEN ADAPTIVE 
MIRRORS

PATRICK HERWIG ET AL.
Patrick Herwig’s article presents an innovative 
approach to increasing the cutting speed of 
fibre laser cutting in a range of thicker materials 

(10 to 20 mm). The depth of focus of fibre 
lasers is usually very good, however the results 
of this project show that sawing (using a high 
speed piezo-adaptive mirror) is advantageous. 
It remains to be seen whether this method is 
practical in a volume manufacturing environment.

If the laser machinery manufacturers incorporate 
this technology, the additional throughput will 
have to counterbalance the increased cost of the 
cutting head. According to the article, results in 
stainless steel and aluminium are promising and 
the control of the oscillation should be relatively 
easy to incorporate into machine software. 

Time will tell if this takes off, but it is certainly 
an intriguing and innovative approach. It would 
be interesting to find out what effect this rapid 
change in focus has on the edge shape, 
accuracy, and kerf width.

Neil Main, Micrometric

ULTRASHORT-PULSE 
PROCESSING WITH TAILORED 
LASER VECTOR FIELDS 

OLIVIER ALLEGRE ET AL.
The advantages of using ultrafast lasers in 
material processing include significant reduction 
of heat affected zones, the elimination of melt 
and the ability to structure transparent dielectrics 
through ultra high intensity induced multi-photon 
absorption. 

While laser output intensity is often Gaussian 
with linear polarisation, this mode is not 
optimum for many demanding applications. 
There is therefore a growing requirement for 
new approaches to shaping wavefront and 
polarisation field – termed structured light fields. 

The authors demonstrate this ability using a 
Spatial Light Modulator (SLM) addressed with 
Computer Generated Holograms - producing, 
for example, femtosecond vortex beams with 
ring intensity distributions to drill silicon with only 
a few micron ring diameter and create textured 
periodic structures (<1µm pitch) on stainless 
steel using a radially polarised beam. 

Applications such as 1) micro-texturing 
electrodes for improving LC-MS performance 
and 2) internal modification of diamond (0.5mm 
thick), creating conducting channels for an 
advanced high energy particle detector, are 
demonstrated. The latter required real time 
correction of optical aberrations through 
wavefront control on the SLM. As such devices 
can now handle high average as well as 
high peak powers, we are likely to see SLM 
technology integrated in future industrial laser-
based manufacturing.

OBSERVATIONS
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I would like to congratulate the authors on a 
very interesting article on unique and relevant 
applications of SLMs in laser micro-structuring.

Walter Perrie, University of Liverpool

SURFACE 
FUNCTIONALISATION FOR 
INDUSTRIAL APPLICATIONS 

JÉRÔME PATARS & DAVID 
BRUNEEL 
There has been considerable interest for a 
number of years on the potential use of LIPPS 
in industrial environments. The key issues have 
been in identifying suitable applications for these 
very shallow microstructures and in being able 
to reproducibly manufacture well orientated 
arrays of them. It is very encouraging to see that 
LASEA’s interest here – indicative of industrial 
uptake in an interesting array of applications. 
I look forward to following the process of the 
Laser4Surf project and seeing a demonstration 
of repeatability and stability on industrial scales.

Richard Carter, Heriot-Watt University

I congratulate the author on a very nice 
article, which presents the state of art laser 
manufacturing. The article demonstrates the 
feasibility of building a fully automated laser 
workstation capable of nanoscale texturing 
of LIPSS structures on industrial parts in the 
medical, battery and linear encoders industries. 
These industry sectors are very important for 
future advanced production and added value. 

From a manufacturing point of view, structures 
were made with high precision. The dental 
implants laser treatment is a hot topic for several 
research institutions, because requirements of 
the surface structures are really challenging. 
Specifically, one part of an implant should be 
super-hydrophilic with cell growth support, and 
the second part should be antibacterial and 
preferably hydrophobic.

The option of laser treatment on current 
collectors for batteries I see as an essential 
process with real potential for implementation.

The research is very well organised and 
systematically discussed. This work would be 
appreciated by general readers and researchers 
in this field.

Jan Brajer, HiLASE Centre

It is extremely encouraging to see further 
developments in laser surface engineering, as 
detailed in this article. The fact that a readily 
automated, laser surface engineering system 
has been developed, as part of a European 
collaborative initiative, allows one to realise how 
far the technology and science has come. 

The article also demonstrates the wide and 
varied applications for the laser surface 
engineering system through the generation 
of nanoscale laser induced periodic surface 
structures (LIPSS). Demonstrating this 
technology for use with applications in the 

medical, battery and sensing industries 
has shown how versatile this laser surface 
engineering system can be and how it can be 
utilised to enhance manufacturing processes 
whilst also keeping a high productivity. 

Such developments and significant application 
of these laser technologies will further enhance 
industrial practices, helping companies to 
become more creative and become more 
competitive.

David Waugh, Coventry University

OBSERVATIONS
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AUTOMATED 3D INLINE WELD INSPECTION - HOW IT WORKS

Simon Mawer, Laser Products and Support, 
Abicor Binzel UK Ltd, gives an overview of 
the benefits of automated 3D inline weld 
inspection.

3D weld inspection is a process in which a 
high-speed laser scanning method uses laser 
triangulation to take thousands of images a 
second and build a topography of the weld. 
It takes the data coming from the sensor and 
sends it over to the main controller which has a 
set of parameters loaded for each weld to help 
discern if it meets the necessary requirements.

This is all set up during the commissioning of the 
system/weld cell and can provide information to 
various sources including a database, lineside PC, 
and operator repair station for further analysis. 

3D inline weld inspection can be used in an array 
of welding applications.including laser welding 
and laser brazing. 

Dimensions & Features Evaluated
Automated weld inspection can define 
problematic areas in the weld process in relation 
to missing welds, shape and length, throat 
thickness, and porosity. Being able to record 
this data helps streamline the process and help 

identify weak points in the production process, 
from stamping to assembly. 

Areas such as throat thickness can be hard 
to identify outside of weld inspection. In an 
automated approach, measurements are made 
of a pre-scanned joint that has not been welded 
and overlays the scan of the weld. With these 
two sets of data it is possible to estimate the 
throat thickness three-dimensionally.

Defects & Inconsistencies Identified
3D weld inspection can also identify defects and 
inconsistencies such as pores, holes, undercuts, 

incomplete groove fill, and spatter. Detected 
defect objects can be evaluated based on a set 
of tolerances defined for the weld in question 
and given an OK or NOK decision.

Knowing where to look for improvement is a key 
benefit, but as the continuous improvement of 
one’s operation occurs, so does the confidence 
in the manufacturing process and the boundaries 
established.

Contact: Simon Mawer 
simon.mawer@binzel-abicor.co.uk
www.binzel-abicor.com
www.smartray.com

TIBETAN STONE ENGRAVING: AN UNUSUAL LASER APPLICATION

Joanne Holdridge of Luxinar introduces us 
to mani stone engraving.
Mani stone carving refers to pebbles, stones and 
slabs that are engraved with Buddhist mantras, 
sutras, Buddha images or symbols. Carvings of 
different shapes are found in various locations 
throughout Tibet, particularly in the Yushu area 
where Buddhist culture is highly developed.  
Tibetan Buddhist faith groups have used them 
as a "spiritual stone" for sacrifices and blessings 
for over a thousand years, also as a place of 
worship, to mourn the dead, and even as road 
signs.  

Economic development, inheritance of religious 
beliefs, and the promotion of tourism have led 
to a growth in demand for mani stone carving 
by both local believers and external markets. 
This has in turn promoted the evolution of stone 
carving tools.

The evolution of mani stone carving tools
Traditional carving tools are a combination of 
chisel and hand hammer. Since 2008 mechanical 
tools, such as small electric drills and grinders, 
have been used improving the speed of carving. 

In 2012, several mani stone carving companies 
started to use laser engraving systems. Laser 
processing is fast, efficient and flexible; it is also 
well suited to large-scale production.

Luxinar is supplying its laser sources to 
CKLASER so that stone carvers in the Yushu 
area of Tibet have an easier option to continue 
an important ancient tradition. Stone engraving 
is one of the more unusual applications for 
Luxinar’s OEM, SCX and SR range of sealed 
CO2 laser sources.

Laser engraving has not only allowed Tibetan 
mani stone carvers to carry on an important 
tradition, it has introduced new possibilities to 
this ancient art.

Contact: Joanna Houldridge 
joanna.houldridge@luxinar.com
www.luxinar.com
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SYSTEMS & SOURCES

POWERFUL INDUSTRIAL 
PICOSECOND LASER  

Coherent's Rapid LX is the most powerful 
picosecond laser in its product segment, 
featuring single pulse energies of up to 250 µJ. 
The proven design of the Rapid LX provides 
excellent beam quality and stability over the 
complete range of repetition rates. 

Contact: Roy Harris
roy.harris@coherent.com
www.coherent.com

CO2 LASER SOURCE FOR 
INDUSTRIAL PROCESSING
Luxinar has launched the OEM 100iX sealed 
CO2 laser source for industrial processing 
applications. The laser source provides higher 
speeds and increased productivity for processes 
such as high volume cutting, kiss cutting, 
scoring, multi-ply cutting and die board cutting 
for the packaging, automotive and textile 
industries.

Contact: Joanna Houldridge
joanna.houldridge@luxinar.com
www.luxinar.com

A NEW ERA OF 2D 
LASER CUTTING
Prima Power's Laser Genius+ is a 
highly productive and flexible fibre laser 
machine with a reversible layout that can 
fit all customers' facilities and all kinds of 
productions. The Laser Genius+ has a gantry 
architecture that grants high levels of thermal 
stability and vibration damping. 

Contact: Fabrizio Barberis
fabrizio.barberis@primapower.com
news.primapower.com

NEXT GENERATION TUBE 
LASER CUTTING MACHINE

LVD Company nv has introduced the TL 8525 
to its line of tube laser cutting machines. 
The new generation tube laser comes 
equipped with a number of high-performance 
features to optimise tube cutting for even 
the most complex of applications. With a 
large 8500 mm infeed length, the TL 8525 
can process tubes up to 250 mm round or 
square.

Contact: Neil Osborne
n.osborne@lvduk.com
www.lvdgroup.com.

FEMTOSECOND LASER 
SERIES JUST GOT BETTER

NKT Photonics has improved the ORIGAMI XP 
platform by adding extra features to make it a 
better choice for industrial OEM and research 
applications. 

The ORIGAMI 10XP is available as a 4 W laser 
with a 40 µJ maximum pulse energy at 1030 
nm, while the ORIGAMI 10XPS delivers a higher 
5 W power and maximum pulse energy of 70 µJ 
at 1030 nm. 

Contact: Tara Murphy
Tara.Murphy@nktphotonics.com
www.nktphotonics.com

LASER CLEANING IN EV 
BATTERY PRODUCTION

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

Contact: Charles McLaughlin
cmclaughlin@laserax.com
www.laserax.com
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FROM COMPONENT TO 
SYSTEM SUPPLIER

Aerotech is increasingly becoming a system 
supplier, providing customers with holistic 
support for their high-precision and industry-
specific automation processes. Aerotech not 
only supplies suitable components for particularly 
difficult operating conditions and mission-critical 
application areas, but is also increasingly acting 
as a builder of automation systems for industry-
specific applications.

Contact: Derrick Jepson
djepson@aerotech.com
www.aerotech.com

AM MULTILASER OPTION 
FOR MASS PRODUCTION
TRUMPF has recently unveiled the new series 
of its TruPrint 3000 3D printing system. The 
medium-format machine uses powder-bed-
based laser melting to produce parts with a 
diameter of up to 300 mm and a height of 
up to 400 mm. The new TruPrint 3000 can 
be equipped with a second laser that almost 
doubles its productivity.

Contact: Gerry Jones
gerry.jones@trumpf.com
www.trumpf.com

HIGHEST OUTPUT POWER 
FOR PULSED LASER
Hamamatsu Photonics successfully 
developed an industrial pulsed laser system 
that produces a pulse energy of 250 J, 
which is the world’s highest energy among 
LD-pumped lasers. The laser system delivers 
more than double the energy amplification 
capability while still maintaining the same size 
as currently available industrial pulsed lasers.

Contact: Jim Leach
jleach@hamamatsu.co.uk
www.hamamatsu.com
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ANCILLARIES

PORTABLE LASER 
INTERLOCK CONTROLLER
The ICS Budd is Lasermet’s portable laser 
interlock controller and monitor that can be used 
to remotely view and control the status of laser 
interlock controllers and laser shutters in a lab.

It provides portable control enabling the user 
to  walk around with the tablet from the office to 
other locations, and remotely view and control 
the safety of the laser lab. It just needs a local 
Wi-fi signal to stay in touch.

Contact: Phil Jones
phil.jones@lasermet.com
www.lasermet.com

EXTRACTION INTELLIGENCE 
TAKEN TO NEW LEVEL
BOFA International has launched its latest 
generation intelligent operating system – iQ2. The 
portable technology plays a critical role in high 
volume laser coding and marking productivity 
as well as precision engraving processes, 
by removing potentially harmful airborne 
contaminants from work environments and 
keeping high performance equipment free from 
particulate.

Contact: Haydn Knight
haydn.knight@bofa.co.uk
www.bofa.co.uk

INDUSTRIAL BEAM 
CHARACTERISATION

MKS Instruments has announced the Ophir® 
BeamWatch® Integrated 500 industrial beam 
characterisation system, a fully automated, 
non-contact laser measurement system 
designed for automotive and battery welding 
applications. The system integrates both 
beam profiling and power measurements into 
a compact device that measures critical laser 
parameters in real-time.
Contact: Christian Dini
christian.dini@mksinst.com
www.mksinst.com

CORE COMPONENT FOR 
NEW MACHINE CONCEPT
SCANLAB GmbH is supplying the core 
component for a new machine concept 
devised by stoba Customized Machinery for 
laser drilling in the micrometer range. The 
processing machine integrates the five-axis 
precSYS microprocessing system with a 
femtosecond laser and optical measurement 
for automatic correction of drilling results. 
As such, significant increases in productivity 
are attainable with 24/7 industrial use of the 
machine.

Contact: Erica Hornbogner
info@scanlab.de
www.scanlab.de

3D CUTTING QUOTATION 
SUITE SAVES TIME

New cloud-based laser cutting quotation 
software from ipLaser typically more than halves 
the time and manual input required by laser 
cutting companies to prepare precise estimates 
for industries using their services. ipLaser’s 
latest software ties in seamlessly with a job 
shop customer’s existing 3D drawings and 
automatically breaks down their complexity.

Contact: Daniel Burke
daniel.burke@ipcompute.com
www.iplaser.com

LASER CLEANING MAKES 
LIGHT WORK

TLM Laser offers a range of laser cleaning 
systems as UK and Ireland distributors for 4Jet 
Technologies. Recently launched, and now 
complementing the current 200 W and 500 W 
variants, is the new M100 hand-held unit. The 
compact system delivers 100 W of laser power 
and weighs in at less than 5 kg.

Contact: Andy Toms
sales@tlm-laser.com
www.tlm-laser.com
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A FUNNY THING

THE WRONG HOTEL ...

Many years ago, before the days of satnavs and 
mobile phones, I had to drive to Birmingham 
to pick up a friend of my brother. I had the 
address and a Birmingham A to Z (map book, 
for those who aren’t old enough to know). The 
simple task was to get from page 47 to page 
16 via pages 46, 23, 22 and then 17. This is 
why navigators were invented! Unfortunately, the 
process involved getting lost, finding a street 
name, consulting the index, finding where I was, 
and recalculating the route. Satnav makes life so 
much easier, safer and less stressful. Balancing 
a book on your legs to solo navigate is probably 
more dangerous than using a mobile phone 
to text while driving – both are illegal and a 
recipe for disaster.  For many years after this, I 
resigned myself to getting lost every time I visited 
Birmingham city.

Murphy’s Law states that anything that can go 
wrong will go wrong, and I always try to look for 
the obvious things that might happen, especially 
when planning events. A few years ago, in 
Edinburgh, AILU co-hosted the LPM Symposium 
and there were a number of instances which 
related to coaches and Uber bookings that 
severely tested my sanity. 

First, there was the Courtyard by Marriott. Many 
cities have one of these, Edinburgh has two. 
One is nearer the city centre and has been there 
for years, the other was finished in 2018 and is 
known by the same name but with the addition 
of the word “West” on the end to signify that it 
is west of the city and on the campus of Heriot 
Watt University. The distance between them is 
only 7 miles but with Edinburgh city centre traffic, 
it can easily take more than half an hour to get 
from one to the other.

By chance there is another hotel chain with 
exactly the same issue, there is an Apex 
Grassmarket and an Apex City of Edinburgh 
Hotel. Fortunately, they are only 50 metres 
apart – which makes you think they might have 
thought to be a little more inventive with naming 
as there is a 50/50 chance people will turn up at 
the wrong one with their suitcases.

Now, imagine you want to book a coach to pick 
up 15 important people (say the International 
Organising Committee of a large Symposium) 
from the Courtyard By Marriott hotel to take 
them to the Apex Hotel, there is only a 25% 
probability that they will arrive at the wrong 
Marriott hotel and be ready to drop you at the 
wrong Apex Hotel. But according to Murphy that 
is exactly what happened…

To add insult to injury, I had left one of the 
names of the 15 people off the list (so now there 
were 16 people heading for 15 seats in the 
private dining room). Phone calls to hotels and 
coach companies were being frantically made 
so that, apart from arriving fashionably late (after 
waiting for the coach to travel from the wrong 
Marriott hotel to the right one),16 people were 
trooped up in the lift of the wrong Apex hotel 
and then down again to walk down the road 
and get in the lift of the right hotel. Safe to say I 
never needed a single malt whisky more than on 
that evening!

Fast forward to the following evening and this 
time there are 284 people for dinner in the centre 
of Edinburgh. No problem, I thought, we’ll get an 
Uber and leave 15 minutes before the coaches 

arrive so we can be there to greet people. Only 
this is Edinburgh, and the Uber driver only 
recently moved to Scotland and doesn’t know 
the city – to cut a long story short we could 
track him going all around the roads trying to 
get to us but he didn’t pick up the phone until 
he had stopped the wrong side of the campus – 
“don’t move” I said, “we’ll come to you”. So we 
arrived at exactly the same time as the coach.

What is the moral of the tale? Look out for things 
with the same name that are different, and 
always use local knowledge where it is available. 

Dave MacLellan 
dave@ailu.org.uk

www.needhamlaser.com
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AILU EVENTS

FORTHCOMING AILU EVENTS

6 OCTOBER 2021  - WORKSHOP 

CRANFIELD UNIVERSITY

DIGITAL TECHNOLOGY IN LASER 
MANUFACTURING

Chair: Cliff Jolliffe, Physik Instrumente

Digital Manufacturing promises a higher degree of automation and 
repeatable quality, continually striving for improvements and to 
eliminate defects. This workshop is suited to anyone seeking to build 
knowledge or add to their network, by meeting and hearing experts 
in the field of Digital Manufacturing with lasers.

10 NOVEMBER 2021 - WORKSHOP

ONLINE

MEDICAL DEVICE MANUFACTURING  
WITH LASERS

Chair: Richard Carter, Heriot-Watt University

This workshop, organised in conjunction with Heriot-Watt University, 
will allow delegates to catch up with the latest in precision 
processing to make medical devices. 

15 SEPTEMBER 2021 - APPLICATIONS WEBINAR

FREE ONLINE EVENT

OLED TECHNOLOGY FOR LIGHTING MANUFACTURE

2-3 PM (UK TIME)

  
  

www.ailu.org.uk/events

SPONSORED BY

This free webinar will introduce the basics of OLED for lighting, discuss the choice for the right substrate and encapsulation material as well as 
the current status of roll-to-roll processing. Selected results from the LAOLA project will be presented. A special focus lies in the challenge to 
separate the lighting modules out from the roll by the use of a special laser cutting technology developed in the project.

PRESENTERS
Jacqueline Hauptmann, Fraunhofer FEP
Ultrathin flexible glass as a promising substrate for OLED roll-to-roll processing

Hendrik Steinmetz, 3D-Micromac AG
Laser Separation of Ultra-Thin Glass for OLED Lighting and Display Applications
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EVENTS DIARY

DATE EVENT LOCATION

Cranfield University6 October 2021 Digital Technology in Laser Manufacturing 
(AILU Workshop)

Venue TBCAutumn 2021
TBC

AILU Job Shop Annual Business Meeting

Online10 November 2021
1-4.30 pm (UK time)

Medical Device Manufacturing with Lasers 
(AILU Workshop)

Online
Free event

15 September 2021
2-3pm (UK time)

OLED Technology for Lighting Manufacture 
Applications Webinar sponsored by 

Online20 September 2021
2-4 pm (UK time)

Laser Ablation & Laser Cleaning

Online22 November 2021
2-4 pm (UK time)

Advanced Laser Manufacturing  
for Automation

     
Euro PM2021  

 
International 
Powder  

Metallurgy  
 

18 – 22  
October 2021

ONLINE EVENT

europm2021.comB
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