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FIRST WORD
In March this year I had a small retinal tear 
which required urgent laser treatment on my 
right eye using a green laser (and a repeat 
treatment with more a little more power 
a week later).  30 years ago, before this 
procedure was available, the tear would likely 
have developed into full retinal detachment. 
Instead, I am totally fixed up – and given the 
all clear to go trampolining!

As there are a couple of articles about 
protective eyewear in this issue, it is 
interesting to reflect on the positive benefits 
of laser interactions with skin (especially in the 
retina), where a simple “weld” can prevent a 
complete retinal detachment (a stitch in time 
saves nine, they say).  

On the other hand, only a handful of milliwatts 
focused on the macula for a fraction of a 
second can result in worrying damage – so it 
is really important not to become complacent 
about laser safety, as some who work with 
lasers all the time can do. 

In the past few weeks, I have also visited 
ICALEO in Florida for the first time – and I 
can report that AILU conferences feature 
better coffee, pastries and always include 
lunch!  LIA is 50 years old this year, and as 
I said to a few people AILU is younger, fitter 
and more attractive, which is one way to 
describe the differences. If you have never 
been to an AILU event, I should tell you that 
the satisfaction surveys consistently show 
that delegates would recommend them to 
others.  Not only that, but on average people 
extend their networks by making more than 
5 new connections. Perhaps you might make 
ILAS your first AILU event?  Keep an eye out 
for more details, and don’t forget to register 
and reserve your hotel room well before 
Christmas.

Some of you will have already met Laurence 
Bradley, who joined the team at Anode (and 
AILU) as a new starter in late September and 
I would like to take this opportunity announce 
this – you will see more of him at AILU events 
soon.

Dave MacLellan 

dave@ailu.org.uk

ASSOCIATION NEWS

PRESIDENT'S MESSAGE 
Following the success of LPM 2018 
(Laser Precision Microfabrication), 
the next major event for AILU is the 
organisation of ILAS 2019 (6th Industrial 
Laser Applications Symposium) to be 
held on 20-21 March 2019 in Crewe, 
UK. This is a biennial international 
conference on laser materials processing 
which has been run by AILU since 2009, 
covering both macro processing and 
micro/nano fabrications.  I have the 
honour to be the general chair of next 
year's ILAS conference. I encourage 
academic colleagues, students, industrial 
engineers and entrepreneurs to join us 
and share your new findings and views at 
and learn from each other. Sponsorship 
is available and appreciated. The 
conference also offers the publication 
of a special issue of the journal Lasers 
in Engineering containing selected 
submissions of papers.

Our Early Career Research (ECR)
group has grown rapidly and has been 
very active.  I encourage more young 
researchers and engineers to participate 
in the ECR events and activities to link 
up with their peers and also to engage 
with potential employers.

An important mission of AILU is to 
increase engagement with end users 
and help our members generate new 
business opportunities and research 
partnerships.  One approach is to 
develop joint workshops and events 
with other professional societies such 
as IMechE, IET, NAA and NWAA. This 
is currently being pursued. If you have 
contacts with other societies, we 
would be very interested to hear your 
suggestions on how to develop links. 

Collaboration with professional societies 
in other countries (e.g. Germany, China, 
USA and Japan) is also being explored.  
Members are encouraged to propose 
collaboration opportunities and contacts 
for the mutual benefits AILU members 
and the collaborating societies.

Lin Li 
lin.li@manchester.ac.uk

RIC'S RAMBLINGS
Dear Readers, for this edition of Ric’s 
Ramblings, I am not able to contain my 
excitement. I trust you have all seen the news 
regarding the award of this year’s Nobel Prize 
in Physics - awarded to 3 outstanding laser 
scientists, Gerard Mourou, Donna Strickland 
and Arthur Ashkin. This is fabulous news for 
our community and our industry and serves 
to illustrate the ever more important impact 
that lasers have on science, the economy and 
society. Ashkin’s Laser Tweezers have truly 
revolutionised the way that particles, molecules, 
viruses etc can be held, manipulated and 
studied with huge impact in particular on health 
studies. It is, though, the invention of CPA – 
chirped pulse amplification by Strickland and 
Mourou first published in 1985 that is in my 
opinion one of the most important technological 
leaps in photonics since the invention of the 
laser itself back in the '60s. Without CPA we 
simply could not generate high-energy, ultra-
short pulses of light - imagine a world without it. 
Essentially if you try to amplify ultra-short pulses 
(by that I mean picosecond and femtosecond) 
straight up, at some point the laser destroys 
itself as the intensity in the gain media goes 
beyond the damage threshold of the material. 
In fact at these incredibly short timescales the 

energy does not need to be very high for this 
to occur. Inspired by an article on Radar using 
radio waves, what Strickland and Mourou did 
was stretch the pulses in time first, then amplify 
then recompress the pulses post amplification 
– brilliant, simple (now we know about it) and 
elegant. This allowed the laser to become the 
incredibly versatile industrial and scientific tool 
it is today with powers of 10s of petawatts 
(1015 W) possible for the largest scale facilities.

The applications of ultra-short pulse lasers are 
too many and too varied to describe here but it 
is safe to say that physics, chemistry, biology, 
engineering and manufacturing have all been 
enriched by these incredible machines. We 
should all be proud of our Nobel prize winners 
this year, and feel lucky to be part of this 
remarkable community of laser users.

Ric Allott 
ric.allott@stfc.ac.uk
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MEMBER NEWS

BYSTRONIC UK LOOKS TO 
THE FUTURE
On 1st October 2018 Daniel Thombs took 
over from David Larcombe as MD of Bystronic 
UK. David has been with the company for 40 
years. Dan is joining Bystronic at a time when 
the UK business is strong and market share is 
increasing year-on-year, with turnover currently 
at an all-time high. For the past two decades, 
Dan was employed by a company specialising 
in automotive robotics and automation. Serving 
in different management positions, latterly as 
Commercial Director, he developed a reputation 
for a strong focus on customer care. 

David will continue helping Dan full-time until the 
end of the year and will then work part-time for 
the Coventry subsidiary as well as for Bystronic's 
Swiss headquarters.

David said, "I can honestly say that I have 
enjoyed every moment of the past 40 years in 
this industry. I have made many great friends 
over the years within our customer base and I 
look forward to keeping in touch for many years 
to come."

Contact: David Larcombe
david.larcombe@bystronic.com

Contact: Daniel Thombs
daniel.thombs@bystronic.com
www.bystronic.com

Dan Thombs (left) with David Larcombe

NEW MD FOR LASER 
PROCESS
AILU Job Shop Special Interest Group founder 
member David Lindsey has handed over the 
Laser Process reins to Jonathan Horne. In a 
statement, Dave says:

"I started Laser Process in 1990 having 
spent most of the previous ten years gaining 
experience from my involvement with Laser 
2000 Ltd, one of the earliest laser-cutting 
subcontractors. I have led the company for 
nearly twenty eight years, to the stage where 
Laser Process has become one of the best 
known and most well respected companies of its 
type in the UK.

Having just passed 70, the time has come to 
stand aside and let someone else take the reins. 
I will not be leaving the company at this stage, 
so will not be saying any goodbyes. I will be 
taking on a business development role and so 
will, hopefully, be meeting a lot of you in the future.

The new Managing Director of Laser Process is 
Jonathan Horne who comes to us after gaining 
considerable experience in manufacturing, 
particularly with quality and production efficiency. 
All at Laser Process wish him well."

Dave Lindsey reflects further on his years in 
the laser industry on page 11.

Contact: Dave Lindsey
Dave-ext@laserprocess.co.uk

Contact: Jonathan Horne
JEH@laserprocess.co.uk
www.laserprocess.co.uk

SPI PURCHASES RUGBY 
MANUFACTURING SITE
SPI Lasers has purchased a 8.1 acre 
manufacturing site in Rugby. The purchase sees 
the company expand its manufacturing footprint 
in Rugby by approximately 100%, bringing its 
total usable space up to around 80,000 sq ft. 

Mark Greenwood, SPI Lasers’ CEO, 
commented, “This is great news for SPI as it 
gives us the freedom to continue to grow and 
develop our product lines, ensuring we remain 
committed to providing our customers with the 
highest quality products and service."

Contact: Jack Gabzdyl
Jack.Gabzdyl@spilasers.com
www.spilasers.com 

SUCCESSFUL FIRST YEAR 
FOR ES PRECISION
ES Precision filed its accounts for its first trading 
year in September 2018 which show a profitable 
start, with turnover ahead of expectations.

Profits generated have been reinvested into the 
business in the form of new UV laser technology 
from Coherent-Rofin UK.

ES now has 8 laser systems using vanadate, 
Nd:YAG, fibre and CO2 sources offering a broad 
range of laser technologies. A new frequency-
tripled vanadate UV laser in particular opens up 
opportunities that conventional lasers miss, as 
the shorter wavelength is absorbed extremely 
well by plastics, organics and many ceramics. 

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

ROFIN-SINAR CELEBRATES 
ITS 20TH ANNIVERSARY
Rofin-Sinar UK is proud to announce its 20th 
Anniversary, having achieved two decades of 
innovation and steady growth. 

Rofin-Sinar UK began operations in 1998 in Hull, 
UK and counts among its many achievements 
the development of the world’s fastest vector 
writing laser and winning of the Queen’s Award 
in both 2007 and 2011. 

Relocation to a new, purpose-built facility took 
place in 2016. 

Contact: Yannick Galais
yannick.galais@rofin-uk.com
www.rofin-uk.com

TRUMPF ANNOUNCES 
DEATH OF FORMER MD
Berthold Leibinger joined TRUMPF in 1961 
when the company was still a fledgling machine 
maker. For his numerous inventions, which 
he made in the interests of the company, he 
received company shares. Leibinger became 
a partner in 1966 at the same time as his role 
as Managing Director. Under his stewardship, 
TRUMPF evolved into one of the world's leading 
machine manufacturers. Leibinger understood 
the potential of light as a tool more than any of 
his peers, and he is now regarded as one of the 
pioneers in the industrial application of lasers.

www.trumpf.com
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BUSINESS NEWS

EUROPE’S FIRST USER 
OF AMADA'S 4KW FIBRE 
LASER
Recol Engineering Ltd, a Northampton-
based subcontract supplier of metal-based 
manufacturing solutions, will become Europe’s 
first user of an AMADA ACIES-2515TAJ 4 kW 
CNC fibre-laser profiling centre, complete with 
double-tower automation system. The order 
also contains an automatic tool changer and 
automated press brake, taking the total order 
value to around £2 million. 

“We already own a selection of automated 
AMADA CO2 laser-cutting machines, including 
the first ACIES CO2 bought when it was released 
in 2013.” explains Director Ben Guntrip. 

“However, we mostly process stainless steel and, 
for the thinner gauges, we knew there would be 
gains in both speed and energy reduction by 
investing in our first fibre laser.”

A team from Recol visited AMADA in Japan to 
assess the new ACIES-2515TAJ and placed the 
order, making it the first machine of its type in 
Europe and only the second in the world outside 
of Japan.

The ACIES-2515TAJ 4 kW fibre laser is capable 
of cutting materials up to 6 mm thick, including 
copper, brass and titanium. Featured is a 300-
tool, 600-die automatic tool changer with ID 
tooling system for complete tool management.

“We will use the machine predominantly for 
processing stainless steel from 2.5 to 3.0 mm 
in thickness, as this is where we will achieve 
the most gains, both for ourselves and our 
customers,” says Mr Guntrip.

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

BOFA ACQUIRED BY 
DONALDSON COMPANY
BOFA International Ltd has announced it is 
to be acquired by Donaldson Company, Inc., 
a leader in the industrial air filtration market, 
manufacturing filtration systems and parts. Over 
the past three years, substantial investment 
has been made in the company’s infrastructure, 
international growth strategy and product 
development. Revenues have almost doubled to 
£27m and headcount has increased by 50%.

Contact: John Horsey
john.horsey@bofa.co.uk
www.bofa.co.uk

BYSTRONIC ACQUIRES A 
MAJORITY INTEREST IN 
AUTOMATION SPECIALIST
To serve growing demand from manufacturers 
for automation in sheet metalworking, Swiss 
laser cutting machine and press brake 
manufacturer Bystronic is acquiring a 70% share 
of Antil S.p.A., Milan, an Italian manufacturer 
of automated sheet metal handling plant. The 
majority shareholding will enable Bystronic 
to expand its existing range of automation 
technologies to include machine loading and 
unloading, robot-assisted bending, material 
storage and allied services.

Contact: Daniel Thombs
daniel.thombs@bystronic.com
www.bystronic.com

TRUMPF RECORDS 
SUCCESSFUL YEAR
The TRUMPF Group was able to significantly 
increase sales, orders received, and profits in 
the 2017/18 fiscal year. Sales rose by 14.6% to 
3.57 billion euros – the highest figure in company 
history since its foundation in 1923. Orders 
received increased 12.5% to 3.8 billion euros. 
Operating income before taxes rose by 52.3% 
to 514 million euros. The net operating margin 
amounted to 14.4% compared to 10.8 percent 
one year earlier.

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

EU PROJECT TO ENABLE 
UPTAKE OF AM BY SMEs

AILU members Fraunhofer ILT, TWI and MTC 
are among partners in a 4 million Euro EU 
project, AMable, which aims to overcome the 
barriers faced by SMEsmid-caps in the uptake of 
Additive Manufacturing technologies. 

The project partners work together to develop 
innovative business and service models 
and new value-chain models in a fully digital 
environment – thus bringing ideas and business 
cases of SMEs/mid-caps to life and making their 
innovations Additively Manufacturable (AMable). 
To achieve this objective, partners with expertise 
right across the AM value chain have been 
brought together from the four corners of the 
EU.

The project runs until August 2021, for more 
information please see the project website:

www.amable.eu

NUCLEAR AMRC'S RAHUL 
WINS BAKE-OFF 2018!
Dr Rahul Mandal, winner of this year's The 
Great British Bake Off, is a research associate 
specialising in light-based measurement of 
engineered components at the Nuclear AMRC. 

Born in India, Rahul came to the UK in 2010 
on a scholarship to study for his PhD in optical 
metrology at Loughborough University. He 
joined the Nuclear AMRC in 2015, to develop 
innovative automated techniques for inspecting 
components for any contamination or flaw. “It’s 
all about measuring things with light,” he says.

Rahul started baking cakes for colleagues at the 
Nuclear AMRC only two years ago, but this was 
enought to secure his victory and lift the Bake 
Off trophy!

Nuclear AMRC news:
namrc.co.uk/centre/rahul-gbbo/

CASE STUDIES

MANUFACTURERS GUILD 
MARK FOR GRATNELLS
Gratnells has recently been awarded the 
prestigious Manufacturers Guild Mark which 
highlights their manufacturing excellence and 
commitment to continuous improvement. Murray 
Hudson of Gratnells gives an interview on p.12.

Contact: Murray Hudson
murrayh@gratnells.co.uk
www.gratnells.co.uk
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CASE STUDIES

Lasers have been a mainstay of the 
manufacturing processes within EMP Tooling 
Services for a number of years, with the 
company previously investing in 5 laser welding 
systems and 2 laser markers. A growing demand 
for high precision laser marking across a diverse 
range of components was the catalyst for the 
company’s most recent purchase, a new FOBA 
laser marking system, this time with the latest 
“Point & Shoot” technology. 

The Point & Shoot™ camera system views 
through the lens on the marking field, creating 
an image of the component and displaying it in 
the user interface. The user then simply creates 
the marking information required and positions 
it (via ‘drag & drop’) at the exact position on the 

product where it needs to be applied. 

This WYSIWYG camera-guided laser marking 
process leads to a reduction in the number 
of defective products, higher efficiency and 
productivity, as the marks, even tiny ones, are 
always applied at the desired location and in the 
specified manner. There is also a verify function 
prior to and following laser marking. 

Additional benefits of this system are the fact that 
no expensive fixturing is required and there is 
no trial and error process, saving both time and 
cost.

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

TLM SUPPLIES LASER MARKER TO TOOLING COMPANY

CASE STUDIES FROM RENISHAW

INTERACTIVE GROMIT UNLEASHED IN BRISTOL
Tens of thousands of people visited Renishaw’s 
Gromitronic over the summer. The sculpture 
featured in the first interactive trail of its kind, 
Gromit Unleashed 2. Organised by The Grand 
Appeal, the 67-sculpture trail raising money 
for Bristol Children’s Hospital and the Neonatal 
Intensive Care Unit at St Michael’s Hospital, 
Bristol. 

Gromitronic is one of three interactive ‘Trailblazer’ 
sculptures on the trail, the first of their kind in the 
world. A team of young engineers from Renishaw 
designed and built Gromitronic using a range 
of engineering skills and technologies, including 
software engineering, mechanical engineering, 
electronics and metal additive manufacturing.

Some features, such as his moving tail and collar were additively manufactured from titanium and 
aluminium powder using Renishaw’s machines. Visitors that looked closely may also have spotted 
some additively manufactured Bristol landmarks, such as the Clifton Suspension Bridge and Bristol 
Cathedral, in the studs in Gromitronic’s collar.

AM SYSTEM INSTALLED FOR HEALTHCARE RESEARCH
As part of a new centre for custom medical 
devices, the University of Birmingham has 
installed two Renishaw RenAM 500M metal 
additive manufacturing systems. The systems 
are situated in the School of Materials and 
Metallurgy as part of a project to form the 
foundation for a healthcare partnership. The 
centre will bring together academia, clinical and 
industrial practise to speed up time to market 
for medical devices and improve the options 
available to patients.

One project is looking at cranioplasty, a 
common procedure with a high infection rate. 
The University of Birmingham is working with 
a UK business, Accentus Medical, looking at applying technology to the surface of customised 
metal AM cranial plates to reduce the chance of infections. This project could dramatically impact 
patients’ quality of life.

Contact: Chris Sutcliffe
chris.sutcliffe@renishaw.com
www.renishaw.com

TRUMPF HELPS ECAM 
ACHIEVE 20% GROWTH
A specialist in precision fabricated 
components for the earthmoving, 
construction and rail industries has marked its 
first venture into laser cutting by investing in a 
6kW TRUMPF TruLaser 3030 fibre machine. 
The move has allowed Staffordshire-based 
Ecam Engineering Ltd to enter the market 
for different types of components, spurring 
growth of 20% in 2018, and introducing 
higher levels of cut quality and capacity. 

Of course, facilitating comprehensive 
in-house manufacture requires investment, 
something that the company has not shied 
away from in recent times. In fact, over the 
course of the past four years, Phil Arme 
(the company’s MD and owner) estimates 
that Ecam has invested around £1 million 
in the latest manufacturing technologies. 
This strategy has served the 35-employee 
business well, growing 20% in 2017, with a 
further 20% expansion expected this year.

The latest machine to arrive at the company’s 
factory is a 6kW TRUMPF TruLaser 3030 
fibre laser profiling centre, which is capable 
of cutting 25 mm thick mild steel to an 
accuracy of 0.05 mm. Duly installed in 
November 2017, the TruLaser 3030 fibre was 
supplied to Ecam Engineering with TRUMPF’s 
CoolLine and BrightLine technologies.

“As laser cutting is a new process for us, 
when the machine first arrived we envisaged 
running it perhaps two days a week 
maximum. However, by April the machine’s 
capacity was full. As a result, we estimate 
that our business will have grown 20% by the 
time we reach the end of 2018” explains Phil 
Arme.

Contact: Gerry Jones
gerry.jones@uk.trumpf.com
www. uk.trumpf.com
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AILU is delighted to announce the first 
anniversary of the Early Career Researchers 
Committee. At the start-up meeting in October 
2017, a committee of 13 members was 
established. Initially, the members were all 
representatives of UK universities, but during 
the past year new members have joined from 
industry, and the Committee Chair, Prveen 
Bidare, has moved from Heriot-Watt University 
to the MTC. We hope this mix of academic 
and industrial backgrounds will be beneficial 
in promoting good communication and 
interfacing, fulfilling one of the main objectives 
of AILU.

The committee membership now stands at 19 
(see the Table below). With their fresh outlook 
we hope the committee members will help 
move AILU forward and shape its development 
in the years to come. Indeed, two of the ECRs 
(Arina Mohammed and Krste Pangovski) are 
now members of the AILU Steering Committe.

Are you/your employees interested in joining the 
committee? It is open to anyone who fulfils the 
following criteria:

• current Masters and PhD student, 

• researchers who are within 5 years of a 
completed postgraduate degree,

• those in the early stages of their career in 
industry,

• others for whom supervisors/line managers 
would like to make a special case.

We look forward to hearing from you! Please 
contact Prveen Bidare (Chair), Prveen.Bidare@
the-mtc.org.

EARLY CAREER RESEARCHERS 

Name: Saskia Childe

Nationality: British

Academic history: 

I achieved my Bachelor’s 
in aerospace engineering 
at Kingston University, 
and went on to study my Masters in space 
engineering at the University of Surrey.  For my 
dissertation I researched how the quantum flux 
pinning technique can be employed for plasma 
confinement and future space propulsion 
applications. 

Shortly after completing my studies I began 
working as a mechanical engineer for 
Thinklaser Ltd.  As part of my role, I manage 
and assist on a variety of interesting projects, 
including multiple research and development 
activities, and manufacturing bespoke handling 
and marking solutions for our customers. This 
primarily involves the design, assembly and 
testing of laser marking systems.

I joined the Early Careers Researchers in April 
and was recently appointed as Committee 
Secretary at our latest meeting held at Heriot-
Watt University, during the Laser Precision 
Microfabrication Symposium. I look forward to 
us working on new ideas to encourage and 
inspire more young people to become involved 
in the laser industry.

Hobbies: I enjoy going to the gym, reading, 
socialising with friends, snowboarding and love 
to travel when I can.

Name: Miguel Zavala- 
 Arredondo

Nationality: Mexican

Academic History:

I completed my Bachelor’s 
degree in Mechanical 
Engineering with major in 
Manufacturing from the Technical Institute of 
Morelia, Mexico, in 2010. I was awarded an 
MSc (Research) in Advanced Manufacturing 
Technologies in 2012 and a PhD in Mechanical 
Engineering in 2017 from the University of 
Sheffield. During my PhD I was part of the UoS 
Centre for Advanced Additive Manufacturing 
(ADAM) where I worked on the design, 
development, testing and modelling of a new 
multi-laser powder bed fusion (PBF) Additive 
Manufacturing (AM) methodology denominated 
Diode Area Melting (DAM).

Prior to my PhD I worked as project engineer in 
a Mexican R&D centre part of the Science and 
Technology National Council. Currently, I am a 
project leader in laser additive manufacturing 
at TWI Technology Centre Yorkshire. Additional 
to project management activities, my role at 
TWI includes system development, process 
monitoring research and process parameters 
optimisation in selective laser melting for defect-
free metallic components.

Hobbies: I enjoy reading history books and 
novels, as well as watching science and nature 
documentaries. I love cycling in the countryside.

SPOTLIGHT ON ECRS

SASKIA CHILDE REPORTS... THINKLASER IN EUROPEAN 
SPACE AGENCY PROJECT

Thinklaser is working with TISICS, a Surrey-
based expert in titanium composites, on an R&D 
programme funded by the European Space 
Agency. The project aims to utilise the matrix 
coated fibre technology of TISICS, coupled 
with the material handling and laser processing 
knowledge of Thinklaser to produce complex 
pressure vessels for spacecraft. 

Orbital launches are currently very expensive, 
therefore producing components using titanium 
silicon carbide composites leads to a greater 
weight reduction, the ability to incorporate other 
component reduction techniques and, as a 
result, either cost savings or greater payloads. 
The scheme will aspire to enable the automated 
production of fibre reinforced tubular and 
spherical pressure vessels where the curvature 
is not achievable with current foil and fibre 
composite methods.

Contact: Tom Sayers
tom@thinklaser.com
www.thinklaser.com

Name Affiliation

Xiaojun Shen Coventry University

Subhasisa Nath Coventry University

Armando Caballero Cranfield University

Gonçalo Pardal Cranfield University

Prveen Bidare MTC (Chair)

Ioannis Bitharas Heriot-Watt University

Michael Reilly Heriot-Watt University

Nathaniel Marsh Laser Trader

Saskia Childe Thinklaser (Secretary)

Miguel Zavala TWI

Jean-Michel Romano University of Birmingham

Krste Pangovski University of Cambridge

Yang Jiao University of Cardiff

Arina Mohammed University of Hull

Anton Serkov University of Hull

David Rico Sierra University of Liverpool

Chao Wei University of Manchester

Nesma Aboulkhair University of Nottingham

Marco Simonelli University of Nottingham

FIRST ANNIVERSARY FOR 
ECR COMMITTEE



9

ISSUE 90 AUTUMN 2018THE LASER USER

EARLY CAREER RESEARCHERS

The Early Career Researchers Committee has introduced a photo 
competition which is open to all AILU members. Here are the details:

• Images must relate to laser materials processing.

• The competition will run for a year covering 4 magazine editions 
(issues 88-91).

• Entrants will submit photos by a given deadline for each issue of the 
magazine.

• One winner will be chosen for each magazine issue, and will go 
forward to the Grand Final to win a prize.

• The prize is a £25 Amazon voucher, and the image will be featured on 
the front cover of The Laser User if suitable.

• The images will be judged by Dave MacLellan (AILU Executive 
Director) and the winner will be announced in each magazine issue.

Competition dates

The closing date for Issue 91 (Winter 2019) is 18th January 2019.

Competition rules

1. Photographs must be submitted by email to photocomp@ailu.org.uk  

2. The entrant must include the following statement in the text of the   
 email submission:

 I have the relevant permission to enter the attached    
 photograph(s) in the competition and give the AILU the right 
 to publish the photograph(s) in the magazine (print and online).

3. The entrant must also provide: 

• title/caption for each submitted photograph, 

• a short description of the photograph, noting whether the 
photograph is a composite of several images or has been enhanced 
in any way, 

• any due acknowledgements. 

4. Photographs submitted previously cannot be re-submitted, but you   
 may submit more than one image to each issue.

5. Photographs should be of good print quality, at 300 dpi, ideally   
 portrait orientation and at least 2000 pixels wide. 

If you have any queries, please do not hesitate to contact us at 
photocomp@ailu.org.uk.

PHOTO COMPETITION ROUND 4 - OPEN TO ALL MEMBERS

Congratulations to Axel Kupisiewicz of LASEA 
who wins Round 3 of our photo competition. 

Axel says, "The image shows samples machined 
with 7 simultaneous axes: we have developed a 
way of micromachining based on a femtosecond 
laser combined with a 5-axis accurate CNC 
system. The 5 axes are synchronised together, 
and are combined with 2 additional optical axes 
controlled by a scanner. 

"This full assembly allows the combination of a 
standard 5-axis system with its possibilities of 
fast scanning strategies, and the advantages 
that a full 7-axis laser system provides in the 
processing of complex geometries in 3D. The 
main benefit of this technology is the high quality 
obtained by the absence of stitching and the 
reduction of the cycle time (up to a factor 50)."

For more information contact info@lasea.com

AILU PHOTO COMPETITION WINNER ROUND 3 (ISSUE 90)

The photo competition is open to all AILU Members. For a chance to win Round 4 send your entries to photocomp@ailu.org.uk by 18th January 2019 (see 
competition rules below).



10

ISSUE 90 AUTUMN 2018 THE LASER USER

 FEATURES

Micro-LEDs based on gallium nitride 
(GaN) hold great promise for displays that 
outperform existing technology in terms of 
resolution, efficiency, brightness, lifetime and 
operating temperature range. Moving from 
LEDs (~200 μm die size) to Micro-LEDs (~20 
μm die size) requires advanced fabrication 
methods, creating new opportunities for 
laser-based processing. 

The vast majority of LED production today 
utilises sapphire wafer as the growth 
substrate due to its small lattice mismatch 
and relatively low cost. However, as a final 
(permanent) carrier material it severely 
hampers the performance of GaN-LEDs 
in terms of optical efficiency and heat 
dissipation. Hence, an active area for 
High Brightness-LED development and 
manufacturing involves the integration of 
GaN layers with dissimilar host substrates 
through wafer-bonding, following non-contact 
sapphire delamination via Laser Lift-Off (LLO). 
The new types of Micro-LEDs also require 
that the sapphire be removed to produce thin 
or even flexible display devices.

In the LLO process, a Micro-LED wafer is 
exposed to high intensity 248 nm pulses 
directed through the sapphire substrate. The 
interfacial GaN layer of some 10 nm absorbs 
the UV laser photons, and undergoes thermal 
decomposition into liquid gallium and nitrogen 
gas. The sapphire wafer is then easily

removed with nearly zero force exerted on the 
Micro-LED dies.

For example, a six-inch wafer can be 
covered within a single scan using a novel 
248 nm excimer laser line beam system 
collaboratively developed by Coherent and 
Fraunhofer ILT (Aachen, Germany).  The 
system uses a top-hat line beam profile to 
ensure that the entire wafer area is exposed 
at the same optimum fluence.

The assembly of a high resolution display 
from many million Micro-LEDs brings its own 
challenges. In fact, a 4K display with 3,840 x 
2,160 x 3 RGB subpixels requires nearly 24 
million Micro-LEDs to be transferred to the display 
backplane. Individual “pick and place” methods 
would thus need 6 weeks for each display!

Parallel transfer using a large excimer laser 
beam now provides a high speed solution 
to this challenge. To this end, the processed 
Micro-LED epi-wafer may be bonded to a 
temporary carrier wafer by means of a UV- 
absorbing polymer adhesive film. Illumination 
with a 248 nm excimer laser beam can 
then vaporise the adhesive.  This detaches 
the Micro-LED chips and simultaneously 
accelerates them on to the receiving 
backplane panel. The high energy of excimer 
beam pulses enables the beam to cover 
many square millimeters, transferring tens 
of thousands of Micro-LEDs with a single 

shot.  This translates into a transfer rate of 
millions of subpixels per second. This excimer 
laser induced forward transfer (LIFT) process 
compresses the total LED transfer time for 
assembling a 4K display down to less than a 
minute.

In summary, excimer lasers are well-suited to 
support emerging applications in the display 
industry. Their unique characteristics such 
as short UV wavelength, and short pulse 
length, combined with scalable field size 
and throughput are key enablers for laser 
manufacturing of MicroLEDs.

Contact: Ralph Delmdahl
ralph.delmdahl@coherent.com
www.coherent.com

LASER MANUFACTURING MICRO-LED DISPLAYS 

Layers of CFRP composite material 
composed of carbon fibers in a polymer 
resin matrix. Though much lighter in weight, 
it is five times stronger than steel.

Sutrue has created two new devices that are set 
to transform the suturing process and potentially 
save the NHS millions of pounds each year. The 
devices are a Handheld Suturing Device and 
Endoscopic/Robotic Suturing Device. They offer 
medics an alternative to hand stitching and were 
created utilising metal additive manufacturing.

The devices transform the manual process of 
stitching into a far simpler, quicker and more 
accurate automated process, thus reducing the 
margin for human error. There have been over 
10,000 patent attempts to produce a device 
that sutures wounds and Sutrue is the first to 
successfully achieve the creation and patenting 
of a suturing mechanism that works with any 
standard 5/8ths medical needle.

Both types of devices can produce a row of 
sutures, tie a knot and sew around a corner. 
Their ability to do this means that they have 
numerous significant benefits within medicine, in 
addition to the handheld device having a wide 
range of industrial applications. The creation of 
these devices has been a feat of engineering 

that has used modern 3D printing capabilities 
to impact the future of medical research and 
development.

Once designed by Sutrue, the parts were 
additively manufactured by Concept Laser, 
before Sutrue assembled them into numerous 
medical prototypes - sometimes straight from 

the printer with minimal post processing. This in 
turn saved considerable time and cost and has 
resulted in the completion of a series of fully-
functioning medical prototypes. 

Contact: Alex Berry
alex@sutrue.com
www.sutrue.com

3D-PRINTED AUTOMATED SUTURING DEVICES: ALTERNATIVE TO HAND STITCHING 
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FEATURES

CIM-LASER COMMISSIONS COMIC SPECIAL ISSUE

CIM-laser has teamed up with Dekko Comics to 
produce a special issue introducing the concept 
behind using ultra-short pulsed lasers for very 
high precision manufacturing. 

The use of a comic provides an innovative 
outreach medium and is intended to reach the 
largest audience possible from experts through 
to children raising awareness of the capabilities 
of laser based production processes.

The front page from the special issue are shown 
below, courtesy of Dekko Comics, CIM-Laser 
and Heriot-Watt University.

Contact: Richard Carter
R.M.Carter@hw.ac.uk
www.cim-laser.ac.uk

REFLECTIONS ON A CAREER 
IN LASER CUTTING
Dave Lindsey, recently-retired MD of Laser 
Process, a company that he founded, shares 
his reflections of his career in the laser-cutting 
industry. 

"I was working for an engineering company 
back in 1980 when its traditional work was 
drying up and alternatives had to be sought. 
A trip to an exhibition at the NEC introduced 
us to a laser cutting machine for the first time. 
We had never seen anything like it and it held 
an immediate fascination. We discovered that, 
at that time, there were grants of up to 40% 
available for investments in new technology, so 
we went for it. The grant was approved, the 
order was placed and we began preparing for 
our futuristic adventure. 

Our own machine was delivered just before 
Christmas 1980 and installation began 
immediately after the holiday. The industry was 
very new, ours was the largest installation in the 
UK and real practical knowledge, as opposed 
to theory, was in short supply. It was June 
before we got any meaningful production from 
the machine. In the meantime we had worked 
twenty-hour days, swore a lot and got a few 
laser burns (no safety interlocks in those days). 
We gained so much knowledge of our machine 
that the manufacturers began to come to us for 
advice. 

We got to work on some interesting projects 
including the cutting of armour plate panels for 
the Tornado fighter and chassis components 
for the Sinclair C5 but, I guess, because the 
technology and the industry was so new, 
everyday was exciting. 

Several years after my introduction to the 
laser industry I founded Laser Process which 
is today, twenty nine years later, still a major 
player. Over the years we have been involved in 
many interesting and memorable jobs including 
a series of nearly 300 artworks for a national 
charity and several (pre-production and secret) 
projects. 

To me, the most memorable thing about the 
industry, particularly the early years, has been 
the friendships formed with competitors, 
suppliers and others. There was a real feeling of 
belonging and no real sense of competition. It 
was (and still is) good to meet up at exhibitions 
and AILU meetings. 

I feel privileged to have been at the start of what 
is now a huge industry and proud to be able 
to call so many people friends ( I will not try to 
name them but most will know who they are)."

Contact: Dave Lindsey
Dave-ext@laserprocess.co.uk
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INTERVIEW

LASER CUTTERS TURN 
TUBES INTO PROFIT
AN INTERVIEW WITH MURRAY HUDSON

MANAGING DIRECTOR, GRATNELLS 

Q. Can you give us an overview of Gratnells?

Gratnells is a long 
established manufacturer 
of storage systems for the 
education and medical 
market. The company was 
founded by William Hudson 
in 1890 in the East End of 
London, and remains to 
this day a family-owned 
company.  In 1967 the 
company, originally named 
W.A. Hudson Limited, was 
renamed Gratnells (from 
combining the names of 
Graham, Trevor and Neville, 
grandsons of the founder, 
William), and at this point 

focused primarily on the 
education market. 

In the 1980s, Gratnells 
started in-house injection 
moulding of their trays which 
are recognised worldwide. 
The company grew rapidly 
and relocated to Harlow 
in 2000 with much more 
space and a modern hi-
tech facility. During 2015, 
Gratnells invested in their 
first fibre laser tube cutting 
system from BLM to replace 
the manual slotting process 
on square section tube. 

Recently a second laser 
cutting system was added 
and Gratnells now offers 
a laser cutting service, 
specialising in tube, which 
has seen significant uptake 
in the automotive and point-
of-sale retail markets.

Gratnells currently turns 
over in excess of £ 10 
million annually, employs 
over 50 staff, and designs 
and manufactures all its 
products from the Harlow 
UK factory, supplying directly 
to customers.

INTERVIEW
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LASER CUTTERS TURN 
TUBES INTO PROFIT

INTERVIEW

Q. Where are the main markets for your   
 products, and how much is export? 

Our main market is the education sector, with primary and 
secondary schools as well as colleges around the world 
recognising our standard designs of trays and trolleys. Our school 
tray is the bestselling school tray in the world and we supply 
schools and furniture manufacturers in 68 countries every year. 

With a focus on growing the business, we have now reached the 
point where over half of our business is exported internationally, 
recently growing to exceed the volume of business we ship to 
UK customers. Around 35% of our turnover goes to continental 
Europe with Germany currently being our number one international 
market.  Other than education, we also supply hospitals and 
veterinary practices with frames, trolleys and baskets derived from 
our educational range.

Q. How does the education market compare  
 with industrial markets?   

The majority of schools in the UK and now Europe work to 
common furniture dimensions so all products have to fit with 
pre-existing requirements. Industrial storage is more flexible and 
ultimately the customers chooses what type of storage they need.  

The UK market for schools has suffered from a lack of funding 
over the past decade which means that there is less budget 
available to invest in for example, furniture, fixtures and fittings 
in the laboratories. The market is also very seasonal, with peak 
demand for lab furniture being over the summer holidays, for 
delivery in time of the new academic year starting in September. 

 

Q. Have you seen any uncertainty in new   
 orders due to Brexit?

Our German customers have requested that we supply plans 
on how we intend to ensure that they have continuity of supply, 
after the UK exits the EU. To this end, Gratnells is opening up a 
business and warehouse in Germany to supply these customers 
and other continental customers. This will all have to be done at 
Gratnells’ expense.

Q. How has acquiring fibre laser tube cutting   
 equipment changed your company? 

The fibre laser cutter has enabled us to design and manufacture 
complicated tube work for new products which we had previously 
been unable to do. In addition to huge efficiency improvements 
in automating previously labour-intensive production processes, 
it has given us a new line of business: subcontract laser tube 
cutting.  Initially, this service was born out of having some spare 
capacity on the original tube cutting system. Having been able to 
offer cutting services to other organisations with a fast turnaround 
and cost effective prices, we very quickly had sufficient demand 
to justify the purchase of a second laser cutting system. A powder 
coating facility allows us to offer finishing to suit the needs of our 
customers. 

Q. Are there any new & exciting    
 developments coming up?  
Gratnells is constantly looking at ways to improve our 
manufacturing process with the laser, including the capability to 
design products that can only be made using this process. As well 
as automating the laser cutting, we are investing in robot welding 
to enable the fabrication of laser cut tubes into finished products 
for the subcontract market.  In the next few months we will also be 
unveiling a fantastic value flatpack industrial work bench, which we 
hope will give a boost to this market sector.

Q. What are the benefits of AILU    
 Membership  to you?  
Gratnells became members in 2017. Membership of AILU has 
enabled us to keep up to date with relevant industry news, meet 
like-minded individuals at AILU events, and help us understand 
where the UK market is going.  As a result of being members, 
Gratnells recently participated in the Advanced Engineering 
exhibition at the NEC, which has provided us with greater 
exposure to potential clients for our laser cutting and fabricating 
business.

Contact: Murray Hudson
murrayh@gratnells.co.uk 
www.gratnellslasercutting.com

AILU has enabled us to keep 
up to date with relevant 

industry news and help us 
understand where the UK 

market is going. 

“

”

The fibre laser cutter has 
given us a new line of 

business: subcontract laser 
tube cutting. 

”

“
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EDUCATING ARCHITECTS ABOUT  
LASER POSSIBILITIES

CUT-TEC PROVIDES 250 
BALUSTRADES 
Encouraging the adoption of laser processing 
in everyday life often involves some education 
work up front and this was the case when 
Cutting Technologies decided to brief a 
group of architects from the Royal Institute of 
British Architects as to what lasers can and 
cannot do.  

Following on from this exercise, Cutting 
Technologies was successful in being 
“designed in” to a project involving a 
new build block of flats in Norwich with a 
contractor new to laser cut metal design.  

Unfortunately, the architect had specified an 
intricate design and chosen a low price – 
without asking for a quotation first.  Cutting 
Technologies was able to work alongside the 
customer and give them the effect they were 
seeking but with a design modified to suit 
laser cutting (and halving the original cycle 
time).  As is often the case, experience and 
know-how turned an uneconomic concept 
into an economically attractive solution.

Using the final design and the newest fibre 
laser cutting systems, Cutting Technologies 
was able to cut the 3 mm galvanised steel in 
a time of 45 minutes per panel.  This allowed 
the finished parts to be supplied under the 
original price the client had in mind.  

So successful was the project that to date 
250 laser cut “Juliet” Balustrades have 
been processed, requiring 4 different sizes 
depending on the location.  

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

JOB SHOP CORNER

The 100th anniversary of the end of the First 
World War has been very much in the public 
consciousness this year.  Andy Evans of SSC 
Laser describes their own act of rememberance.

"At 5 o’clock in the morning on the 11th 
November 1918 in a railway carriage in Northern 
France the Armistice declaration was signed 
between Britain, Germany and France. The 
Armistice took effect at 11am that day.

With 2018 marking the centenary of this event 
SSC Laser wanted to remember the sacrifice 
made by so many in a way that fitted with what 
we do as a business.

Our memorial is manufactured from Corten 
mild steel. We chose this material because 
it weathers forming a ferrous rust coating. 
However, once the top surface has rusted it will 
not deteriorate further. This grade of steel was 
invented at British Steel Ravenscraig in the late 
1960s. Initially, it was used for manufacturing 
sea going containers as they are subjected to 
sea water penetration. Other applications include 
nuclear waste containers and probably the most 
famous example in the UK, The Angel of The 
North.

Our World War 1 Soldier and the 100 poppies 
were laser cut on our Bystronic Bystar 10 kw 
fibre laser. It was then folded on our 170 tonne 
Amada 3000mm press brakes. The poppies 
were then wet painted in Poppy Red leaving the 
stalks bare metal to allow them to weather and 
seal.

We are really proud of our creation and intend to 
add a poppy each year that goes by.

Corten steel is being used a lot these days for 
out door artwork, gates, fencing and decorative 

screens. SSC would like to say a massive thank 
you to AJ Marshall Special Steels Ltd in York 
who very kindly donated the 5 mm Corten 
material when they heard what it was going to 
be used for."

Contact: Andy Evans
andy.evans@ssclaser.co.uk
www.ssclaser.co.uk

SSC LASER'S ARMISTICE REMEMBRANCE
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The topic of new equipment has been on my mind of late. This is perhaps 
something that managers in our industry think about often; because the 
cost of laser cutting machinery is so high they are big investments to justify, 
yet without the latest kit you can feel that you are being left behind. 

I was at a customer’s site recently and their five war-era manual milling 
machines were stacked out. I mentioned that surely new milling machines 
are available that would process these parts much more quickly; the 
response was “The Boss isn’t one to waste money on new machinery”. I 
can sort of relate to that, but I hope there is a middle ground where your 
purchases match your business model. However, getting the balance right 
can be tricky especially when large sums of money are involved and job 
shop turnover can be such a rollercoaster.

Despite having a fundamentally simpler method of laser generation and 
beam delivery, fibre lasers are still the same sort of cost as CO2 lasers. 
Whilst fibre lasers are often sold on the premise of being cheaper to run, 
what are significant, and often ignored, are the repair bills. For fibre lasers 
these are still a bit of an unknown, even now, but we have all heard the 
horror stories. I know of a fibre laser that required a replacement head, 
which was £60,000. Just let that sink in for a while. I could buy a pretty 
nice car for £60k! So it looks like the repair bills for the fibres are a bit more 
“lumpy” - fewer and further between but much more painful when you hit 
one.

With our CO2 machines we are used to regular breakdowns and medium-
high parts bills to repair them, but these costs are easier to budget for. If 
you keep any industrial machine long enough though, it ends up a bit like 
Trigger's broom - you’ve changed so many of the parts, that not much 
of the original is left. The question then should be, did I start off with the 
right broom? Our CO2 machines have been great and highly productive 

but where is the tipping point, when do they need to be replaced or an 
additional machine purchased? For now I’m monitoring the breakdown 
costs and down time. 

How are you justifying your next purchase? By planned orders, turnover or 
cutting hours per month? Perhaps you are calculating the extra potential 
profit from additional capacity? There are lots of tempting deals, cheap 
finance, grants etc. but take care that you don’t get stuck into a long term 
payment plan that you can never break free from. That shiny new toy could 
soon turn into a money pit that you resent. 

We are also seeing a huge influx of cheap lasers coming into the market. 
These are becoming a viable option. While the CO2 lasers were so complex 
the handful of OEMs had little competition, but because the fibre source 
can be bought separately, lots of companies are just bolting one onto a 
CNC control and away they go. As the control systems get better this is 
likely to finally give the OEMs a run for their money. Could this cause the 
price of the machines to crash? Or could these machines cause the price 
of laser cut parts to fall even further? Maybe the real questions should 
be, are they any good and can you get by with the level of support or 
availability of parts? 

For now most of us are still using equipment which has very high costs 
associated with it, no matter what the sales person told you about how 
much a new machine will save/earn you as you were hypnotised by the 
sparks flying and the promises of 6G accelerations. Don’t forget to budget 
for those expensive repair bills, especially with the fibre machines. 

Mark Millar

mark.millar@essexlaser.co.uk

www.essexlaser.co.uk

CHAIR’S REPORT

TO BUY OR NOT THE BUY, THAT IS 
THE QUESTION  
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for safe laser operationsLASER CASTLE

01202 770740
sales@lasermet.com www.lasermet.com

Active Filter Windows also prevent the escape 
of laser radiation

Active Laser Guarding prevents the escape
of laser radiation from 6kW+ lasers

We can provide ALL of your
Laser Safety Needs

laser jailer

LASER CASTLE for safe laser operations
����� � ������ ��� ����� � ������
Laser Castle is the Complete Integrated, Rapid-Build, Modular, Certi�cated, 

Touch Screen
Dual Channel
Laser Interlock
Controller

Swallow -
Fume Extraction
Systems

glaser jailer

Auto/Motorised,
Guillotine, Manual,
or Double-Doors...

from Multi-kW lasers
Fail-Safe Laser Safety Cabin - built to any size - that contains laser radiation 

Meet us in Feb 2019 on Booth 5153 at

THE LASER USER
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GLASS JOINING BY VISCOUS GAP 

BRIDGING USING USP LASERS
KRISTIAN CVECEK

WELDING

Glass welding using ultra-short pulsed 
(USP) lasers can provide hermetic welding 
seams with high mechanical stability. 
Typically, the gap between the joining 
pieces must be very small otherwise cracks 
will form thus compromising the seam. To 
achieve such small gaps the roughness 
of the samples must be small enough 
that it requires expensive processing 
steps. Additionally, adhesion forces grow 
substantial at such distances thereby 
effectively preventing sample movement 
and an easy and precise sample alignment. 
In this article a method is described that 
can overcome these issues and allows for 
welding across a gap.

Glass is a versatile material used in optics, 
electronics and biomedicine. However, the 
applications often require an assembly and 
subsequent joining of several glass parts. In 
recent years in addition to established glass 
joining methods [1-6], glass welding by using 
ultra-short pulsed (USP) lasers has been 
developed [7-8]. In its most basic kind this 
method requires that, prior to welding, optical 
contact is established between the glass parts 
to be joined. Optical contact is provided when 
two conjugate surfaces are so close to each 
other that they are bound by Van-der-Waals 

forces that are limited to a range of several 
tens of nanometers [3]. As soon as an optical 
contact is established between the glass plates, 
subsequent USP laser-based welding can 
provide excellent crack-free welding seams 
because, due to the contact itself, the melt 
cannot relax or escape (it simply does not have 
a free surface). Therefore the melting of the glass 
can be considered as an almost completely 
reversible mechanism, first liquefying and then 
solidifying, leaving no stress residues [9] (see 
Figure 1). 

For optical contacting, the glass parts need an 
extremely high surface quality, making sample 
preparation very expensive. Also it is very hard 
to create optical contact between parts with a 
positioning accuracy better than 1 mm. Ironically, 
it is lab-on-chip and MEMS applications that 
could benefit from this joining method the most, 
but they often require a positioning accuracy on 
the order of microns.

To circumvent these problems USP laser-based 
glass welding has been further developed by 
several groups to allow gap bridging [10-12]. The 
method developed at Bayerisches Laserzentrum 
[12] is based on positioning the melt pool close 
to the glass surface near the gap to be bridged 
in such a way that the glass surface becomes 
soft and moldable due to the high temperatures 

around the melt pool. Also the sample’s surface 
tension stays high enough to prevent spilling 
of the melt into the gap. Due to the high 
temperature inside the melt pool the surface 
experiences a bulge by which it can bridge the 
gap and develop an initial close contact to its 
joining partner (Figure 2). This contact provides 
Van-der-Waals forces, in turn leading to a gap 
reduction when the melt cools down. 

In collaboration with the company LightFab 
GmbH, a manufacturer of machines for 
subtractive 3D printing of glass by selective 
laser etching, the viscous gap bridging is being 
developed to join glass samples with already 
etched structures, such as microfluidic channels, 
to enable manufacturing of channel dimensions 
far beyond the limits imposed by stand-alone 
selective laser etching. It is obvious that in 
this case highly precise sample positioning is 
necessary and thus optical contacting prior to 
welding is not an option.

During this ongoing work we were able to join 
different glass types across gaps in the order 
of 1 μm. Glass types investigated so far include 
fused silica, borosilicate glasses and also 
window glass (soda-lime based glass). However, 
the joining does not occur within a single welding 
seam, as is the case in direct USP-based laser 
welding with optically contacted glass samples. 

Figure 2: Principle of glass joining using viscous gap bridging by ultra-short 
pulsed lasers

Figure 1: Schematic depiction of the situation during glass welding 
with and without a gap
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Instead, the joining occurs throughout several 
joining seams placed next to each other. This is 
shown in Figure 3 where the joining area of two 
fused silica plates is shown.

The colorful fringes are interference fringes due 
to light interfering at the gap between the two 
glass plates. Depending on the gap size different 
colours are visible as certain spectral regions 
of visible light interfere in a constructive or 
destructive way. Before joining, the fringes were 
parallel to the edge of one of the glass plates. 
During the processing, however, the fringes 
moved further to the left each time a new joining 
line was placed. The process was stopped after 
the first optically contacted area became visible, 
because thereafter the welding could be reduced 
to the already known prior version, which works 
directly with optical contact. The latter can be 
accomplished very easily by simply shifting the 
height of the focal spot.

Figure 4 shows the differences achieved in gap 
height by joining the glass plates (see Figure 
3). Starting at -40 mm the last joining line was 
placed at the x-position of -36.8 mm. In this 
case the gap between plates was reduced at 
least by 0.4 μm. A very similar joining behavior is 
observed in the aforementioned glass types. 

A typical image of a cross section of a joining 

seam is depicted in Figure 5 for Borofloat 33 
glass and shows an indentation of the upper 
joining partner. This indentation clearly shows 
that the upper glass has been softened while the 
temperature of the melt was not high enough 
to overcome the surface tension of the glass 
surfaces. Nevertheless, because the glass 
surfaces have become soft enough to change 
their shape without cracking, the gap in between 
the plates can be bridged and it is very likely 
that Van-der-Waals forces, and with them optical 
contact, will occur at positions where the glass 
surfaces are touching. It is interesting to note 
that the welding seam can also be positioned 
in the above joining partner resulting in an 
indentation into the lower partner.

Of course, achieving optical contact between the 
samples is an essential condition to achieve true 
joining. Nevertheless, the mechanical properties 
of the achieved joint are also highly interesting. 
So far, pull-off tests and bonding energy 
measurements have been conducted. The 
bonding energy measurements give values well 
above 0.3 J/m², whereas pure optical contact 
has a bonding energy of 0.1 J/m². Depending 
on process parameters the bonding energy can 
even achieve values of up to 2 J/m² which is as 
high as values provided by diffusion bonding. 

Using this process it is also possible to bridge 
the gap between different kinds of glass types. 
However, the underlying effects of the bonding 
process should in principle allow more than that 
since the main bonding process is achieved 
through Van-der-Waals forces. The joining of 
glass with dissimilar materials that are chemically 
insoluble in glass, that are opaque or that have 
a too high melting temperature should also be 
possible. 
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Figure 5: Cross sections of a joining seam in 
Borofloat33

Figure 3: Photograph of the joining area processed by viscous gap 
bridging by USP lasers Figure 4: Achieved gap reduction by viscous gap bridging using USP 

lasers for the sample shown in Fig. 3
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Amorphous alloys have been known to 
material scientists for over four decades 
and perhaps only more recently to the 
wider engineering community. The specific 
term “Bulk Metallic Glasses” (BMG) to 
describe such alloys started being used in 
the 1990s following the discovery of new 
compositions with less stringent cooling 
rate requirements from the liquid phase. 
This enabled the synthesis of solid, and 
potentially useful, metallic glass parts 
reaching a thickness over 1 cm. It is well 
documented that, compared to their 
crystalline counterparts, this particular 
class of alloys displays superior mechanical 
and chemical properties, such as an 
enhanced tensile strength and elastic limit 
as well as better corrosion resistance. 
Researchers from the laser community 
have gradually started showing an interest 
in processing BMGs over the last two 
decades, as reported in a recent review 
[1]. In particular, applications of laser 
welding, laser additive manufacturing, laser 
micromachining and laser surface treatment 
on BMGs have been demonstrated.

The specific line of research described in 
this article is concerned with gaining a better 
understanding of the effect of laser irradiation on 
the resulting microstructure of BMGs. In time, 
it will hopefully become possible to predict the 
preservation, or otherwise, of the amorphous 
structure of BMG workpieces based on a set of 
given input laser parameters. 

The work described here is realised in the 
general context of laser micromachining and 
laser surface treatment operations in the 
nanosecond regime. Due to the high pulse 
repetition frequency and the overlapping of 
irradiated areas, it is desirable to understand 
the effect of successive thermal cycles on the 
resulting microstructure of amorphous alloy 
workpieces. This is important because opposite 
outcomes may be achieved with respect to the 
mechanical properties of a processed sample 
depending on the experimental conditions 
utilised. For example, Mudry et al. [2] reported 
an increase in the microhardness of a laser-
irradiated surface layer of Fe-based metallic 
glass ribbons. On the contrary, studies from 
Chen et al. [3, 4], which were both realised on a 
Zr-based BMG workpiece, reported a decrease 
in the microhardness of the laser-processed 
surface. 

The higher hardness observed by Mudry et 
al. was explained by the presence of laser-
induced crystalline phases on the surface of the 
material. For Chen and co-workers however, 
the amorphous nature of the substrate was 
preserved following laser treatment. In this case, 
the softening of the laser-irradiated area was 
said to be due to the introduction of tensile 
residual stress in the surface layer and, to a 
certain extent, by extra free volume generated 
due to the high cooling rate that is typical of 
laser surface melting. In this context, our article 
presents a representative sample of experimental 
and theoretical investigations, conducted with 

the aim to provide further exploratory work on 
the influence of short pulse laser processing on 
the resulting microstructure of BMG substrates.

Experimental trials

The specific BMG material processed  in this 
work is commercially known as Vitreloy 1. 
Given its relatively high glass forming ability, 
it is perhaps the most prominent glassy alloy 
composition, i.e. Zr41.2Ti13.8Cu12.5Ni10Be22.5. 
Vitreloy 1 specimens were irradiated in ambient 
air using 220 ns pulses delivered with a fibre 
laser system from SPI Lasers. Figure 1 shows 
the X-ray diffraction (XRD) pattern of the as-cast 
(i.e. as-delivered) Vitreloy 1 sample as well those 
obtained after laser irradiation. In particular, laser 
processing was conducted for only one layer 
over an area 10 mm x 10 mm using a fluence of 
6 J/cm2, a pulse repetition frequency of 250 Hz 
and a track displacement of 6 μm. The only 
difference in the irradiation conditions was with 
respect to the pulse overlap: namely 87% for 
sample A and 99% for sample B. 

This Figure shows that crystalline precipitates 
were formed for sample B, while sample A did 
not display clear evidence of crystallisation and 
broadly retained its amorphous nature. Thus, it 
is worth noting that what may be considered a 
relatively small variation in processing conditions, 
i.e. the pulse overlap in this case, could still lead 
to important changes in terms of the resulting 
microstructure. 

Previous studies, such as in Liu et al. [5], 
for which a Zr-based BMG substrate was 
also ablated in the ns regime, reported the 
preservation of the amorphous nature of the 
material in the scenario of single pulse irradiation. 
Typical heating and cooling rates experienced 
in the case of single pulse processing are too 
high for crystalline phases to be formed. Thus, 
it is desirable to understand the role of thermal 
cycles when overlapping pulses are delivered 
on the surface of a BMG workpiece over a 
given area. One initial approach towards this 
aim is through the modelling of the temperature 
distribution during multiple pule processing as 
reported below.

Simulation of temperature evolution with 
multiple moving laser pulses

Our work also focused on implementing a 
simple thermal model based on solving the 
classical Fourier heat equation and incorporating 
the condition of a cyclic heat source moving 
linearly across the surface of the workpiece. 

NANOSECOND LASER PROCESSING 
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Figure 1: XRD patterns of two Vitreloy 1 samples for different pulse overlap values during laser 
irradiation over a 10 mm x 10 mm area, all other processing conditions being the same.
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The simulation was built on an preliminary single 
pulse model for Vitreloy 1, which is described 
elsewhere [6]. Figure 2 shows the simulated 
temperature profiles for both sample A and 
sample B for a fixed point on the surface of the 
workpiece, which is located in the centre of the 
beam when the first laser pulse is delivered. 

As Figure 2 shows, the simulated temperature 
profile for sample B is significantly different to 
that of sample A due to the increase in pulse 
overlap from 87% to 99%. This Figure also 
displays the melting point, Tm, and the glass 
transition temperature, Tg, values for Vitreloy 1, 
i.e. 937 K and 623 K, respectively. As reported 
by Kim et al. [7] in one of the early studies on 
the synthesis of Vitreloy 1, the critical cooling 
rate needed between Tm and Tg to bypass 
crystallisation is 1.8 K/s. Thus, if one was to 
analyse the theoretical temperature evolution 
of sample A only, it may be argued that the 
absence of crystalline precipitates could be due 
to the much faster cooling rate experienced 
in this case. Indeed, for this sample, the glass 
transition temperature, below which the atoms 
may be considered to be “frozen” into place, 
is always reached prior to any subsequent 
incident pulse. This outcome may be considered 
analogous to single pulse processing conditions.

If one were also to assume that the cooling 
profile may be crudely defined by a curve 
going through the series of peak temperature 
points, the cooling rate for sample A would 
still be orders of magnitude higher than that 
below which crystallisation occurs, i.e. 1.8 K/s. 
However, reasoning in terms of cooling rate 
alone does not hold anymore when the 
theoretical temperature profile of sample B, 
which did crystallise, is also analysed. 

Indeed, the glass transition temperature is still 
reached in-between two consecutive pulses at 
this higher pulse overlap. Besides, if a crude 
cooling rate was also calculated based solely on 
temperature peaks between Tm and Tg, the result 
would still be far from approaching the critical 
rate of 1.8 K/s. Thus, the analysis of theoretical 
temperature profiles in isolation is not sufficient 

to be able to predict the onset of crystallisation 
in BMG specimens. 

Discussion and concluding remarks

At this stage, it is important to note that the 
experiments reported above were conducted in 
ambient air while BMGs are normally synthesised 
under vacuum or purified Ar atmosphere. In fact, 
Lin et al. [8] reported that changing the oxygen 
content of a Zr-based BMG from 250 ppm 
to 5250 ppm (atomic concentration) modifies 
the crystallisation kinetic significantly. In other 
words, oxygen impurities favours the formation 
of nucleation sites in the amorphous matrix upon 
cooling. Further analysis of the XRD pattern for 
sample B indicates the possible presence of 
a number of oxides, namely ZrO2, CuO, Cu2O 
and BeO. Thus, a reasonable hypothesis to 
explain the loss of the amorphous nature of 
sample B would be that of oxygen diffusion into 
the melt pool, which leads to the formation of 
crystalline nuclei during a cooling cycle. These 
would then further grow into larger crystalline 
precipitates upon subsequent laser irradiations of 
neighbouring regions. 

In the case of sample A, the lack of significant 
crystalline precipitates should be due to the 
much reduced number of repeated cycles where 
the temperature exceeds the melt point at any 
given spot on the surface, which in turn, reduces 
the likelihood of oxide formation. It is also worth 
mentioning that controlling oxygen levels during 
laser processing of BMG may not alleviate the 
issue of oxide formation entirely. Indeed, recent 
studies in the field of laser-based powder bed 
fusion, such as that of Gasper et al. [9], show 
that oxide formation at the melt pool surface 
may not be avoided even when operating in an 
environment with less than 0.1% oxygen.

Fully understanding and, in time, predicting the 
formation of oxide films on the melt pool based 
on a set of input pulsed laser parameters is not a 
trivial task. However, it is a challenge that should 
be of interest for a range of laser applications, 
whether for the additive manufacturing of metallic 
parts or the processing of BMG substrates. 
Thus, an opportunity exists for researchers 
to work together to fully apprehend the 
mechanisms of oxide formation on the surface of 
a laser-induced melt pool based on its thermal 
history, the oxygen level in the environment and 
also, based on possible changes in the chemical 
composition of the original metallic alloy due to 
surface vaporisation. 
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Figure 2: Theoretical temporal temperature evolution for sample A and sample B when considering 
multiple pulse irradiation at 250 Hz. Pulse duration: 220 ns. Fluence: 6 J/cm2
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ADDITIVE MANUFACTURING

THERMAL EFFECTS OF MULTI-LASER 

DIODE AREA MELTING 
MIGUEL ZAVALA-ARREDONDO ET AL.*  
Diode area melting (DAM) is a new additive 
manufacturing (AM) process that utilises 
customised architectural arrays of low-
power laser diode emitters for high speed 
parallel processing of metallic feedstock. 
The laser diodes operate at shorter laser 
wavelengths (808 nm) than conventional 
selective laser melting (SLM) fibre lasers 
(1064 nm) theoretically enabling more 
efficient energy absorption for specific 
materials. This investigation presents 
a FEM-assisted DAM optimisation of 
melt pool properties and thermal effects 
the multi-laser approach created along 
a powder bed during processing. The 
developed thermal model simulates DAM 
processing of 316L stainless steel and is 
validated with experimental trials. Unique 
multi-laser thermal profiles created during 
DAM processing indicate that residual 
stress formation can be reduced compared 
to conventional SLM methodologies.

The need for higher productivity and scalability 
in selective laser melting (SLM) has promoted 
the development of multi-laser SLM systems 
featuring high-power lasers that (a) overlap 
within a powder bed of conventional size to 
increase productivity or (b) scan independent 
regions of a larger powder bed to scale-up 
size of components. A new process known as 
diode area melting (DAM) was first developed 
by researchers at The University of Sheffield 
[1] [2]. DAM uses the laser diode emitters’ 
stackability to scale-up the size of a ‘print-
head’ to potentially manufacture components 
with no size restriction. The emitters’ compact 
size enable modular scalability to fit any size 
required. Current limitations of laser diodes 
include the limited power at which each 
individual emitter can operate. However, their 
characteristic lower wavelengths (450-900 nm) 
can improve the process energy balance (i.e. 
absorptivity/conductivity ratio of the process 

material) enabling the use of lower power 
for manufacturing high density components. 
The use of laser diodes as the main melting 
source in laser powder bed fusion (LPBF) AM 
methodologies is still in an early stage. This work 
presents research conducted at the University of 
Sheffield investigating the melt pool properties 
and thermal effects of the DAM process [4].

Cooling rates and residual stress build-up in 
selective laser melting (SLM)

Cooling rates in SLM tend to be higher along 
the scanning vectors due to the presence of 
un-melted (cold) material in regions adjacent to 
the part geometry. In turn, lower cooling rates 
can develop perpendicular to the scanning 
direction where material is melted and solidified 
along the hatch spacing direction and across 
the vector length. This can be explained in terms 
of the ratio s/d (solidification distance divided 
by beam diameter) and its role on temperature 
gradients along and across the scanning 
direction. The ratio describes the temperature 
gradient proportion, where higher s/d ratio 
describes higher gradients. SLM s/d values 
typical of elongated-tail-shaped temperature 
distributions along the scanning direction can 
reach s/d = 3 with 300 μm solidification distance 
divided by 100 μm beam diameter, reported 
in simulations conducted in [3]. The typical 
SLM temperature distribution of an elongated-
tail shape suggests a much lower s/d ratio in 
directions perpendicular to the scanning vector. 
This explains the higher temperature gradients 
along the scanning direction compared to those 
across. Higher temperature gradients result in 
higher cooling rates which are directly correlated 
to residual stress build-up. Residual stresses 
in SLM are unwanted since they can reduce 
the tolerance of the as-built part to an external 
applied force and cause part deformation when 
removed from the substrate. Moreover, residual 
stresses can reduce the strength of the part 
and promote the propagation of cracks from 

the surface. Laser-based processes are known 
to result in high levels of residual stresses due 
to the large thermal gradients inherent to the 
rapid melting-solidification mechanism. In SLM, 
residual stresses can be reduced by reducing 
thermal gradients and cooling rates through 
(1) applying in-situ heat treatment using the 
laser source (e.g. pre-sintering strategies, 
direct infrared heating, etc.) and/or (2) reducing 
temperature gradients by heating the substrate 
plate.

Modelling the diode area melting process

An isotropic enhanced thermal conductivity 
model has been adapted from the model 
developed in [3] to simulate DAM processing 
of 316L stainless steel powder. The modelling 
approach is based upon the concept of a 
moving volumetric heat source with enhanced 
penetration depth combined with enhanced 
thermal conductivity through the substrate 
and the surrounding powder to improve 
computational efficiency. The DAM process has 
been simulated using the laser beam profiles 
(LBPs) and the optimised conditions that 
theoretically enable processing of high-density 
components reported in [2]. The cooling rates, 
thermal distribution and temperature gradients 
of DAM are contrasted with those of SLM in 
order to compare the two different heat input 
mechanisms. The laser beam profiles were 
treated as rectangular multi-beam outputs 
typical of the DAM process. Figure 1 shows top 
powder-bed views of the different LBPs tested, 
obtained using a Spiricon camera-based beam 
profiler, and an opal glass target as described 
in [1] and the beam dimensions were measured 
using Ophir BeamMic software. It can be seen 
in Figure 1 that the power distribution tends to 
be flatter whilst reducing beam dimensions (i.e. 
reducing individual spot size and spot period). 
LBP1 showed a typical flat-top laser profile with 
a homogenous power distribution across the 
length of the profile. Numerical simulations were 

Figure 1: Laser beam profiles and total melting areas. A LBP1. B LBP2. C LBP3. Adapted from [2].
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carried out using the ABAQUS finite element 
package. Multiple FE iterations were undertaken 
in order to identify the correction factor used to 
simulate optimal DAM conditions for high-density 
components. Further details of the modelling 
approach, model validation and process 
optimisation can be found in [4].

Thermal spatial resolution

Figure 2 shows the simulated temperature 
distribution and material solidification evolution 
of parts processed using the DAM optimisation 
mechinsm in a range of views (plan, front 
and side cross-sections, and a dimensioned 
isometric view). In all views, the temperature 
distribution takes the form of a uniform, non-
elongated elliptical distribution typical of a 
multi-beam DAM scheme and differs from the 
elongated-tail-shape temperature distribution 
with high temperature gradients typical of SLM. 
From the FE DAM model, the melt pool starts 
solidifying 150 μm behind the melt-pool centre 
along the scanning direction. The s/d ratio 
can be s/d = 0.08 with 0.15 mm solidification 
distance divided by 1.9 mm total multimode 
beam diameter characteristic of the optimised 
LBP. The uniformity of the DAM temperature 
distribution reduces the temperature gradients 
along and across the scaning direction, 

resulting in lower cooling rates compared to SLM 
and controlled residual stress development.

Cooling rates and temperature gradients

The thermal evolution of a single point along the 
scanning direction during DAM can be predicted 
using the optimised FE model. From simulations, 
a cooling rate of 8.61E+03 °Cs-1 was obtained. 
Typical SLM cooling rates can be two to three 
levels of magnitude larger (i.e. on the order 
of 105-106) than those obtained from DAM 
simulations. It is known that cooling rates and 
dendrite size are inversely correlated, therefore, 
coarser DAM dendrites are expected to develop 
compared to SLM microstructures. DAM cooling 
rates on the order of magnitude 103 are in the 
lower limit of typical values for rapid-solidification 
laser processing. Therefore, it can be concluded 
that DAM can benefit from the superior 
mechanical properties that characterise rapid 
cooling mechanisms of refined microstructures 

while exhibiting cooling rates low enough to 
avoid cracking. Figure 3 shows the simulated 
depth-resolved DAM temperature gradient, 
plotting the temperature at the top surface of 
the melt pool as well as 190 and 380 μm below 
the top surface of the melt pool. The equation in 
Figure 3 describes the temperature distribution in 
the z-direction (i.e. build direction) from the top 
surface to the melt depth. A 132 μm penetration 
into substrate is predicted by the DAM model. 
Therefore, Δz is 132 μm +50 μm (layer thickness) 
= 182 μm. ΔT can be obtained using the 
equation in Figure 3 to calculate the temperature 
at a given z-location (where z = 0 represents the 
top surface), which gives |ΔT/Δz| = 1.65°C μm-1 
for DAM compared to > 10°C μm-1 typical of 
SLM. Therefore, the temperature gradients at the 
junction of the powder layer with the substrate 
(i.e. where the highest residual stresses develop) 
in DAM can be ~6 times lower than SLM, 
which might result in a proportional reduction of 
residual stress formation.

Conclusion

The present work analyses the thermal behaviour 
of a multi-beam array of low power laser diodes 
in additive manufacturing. It is suggested that 
the DAM technique can significantly reduce 
temperature gradients and cooling rates of 
a LPBF AM process, resulting in complete 
alleviation and control of residual stresses. The 
thermal analysis described in the present work 
can be used to compare DAM with SLM in 
terms of mechanical behaviour, microstructure 
and residual stresses of as-built components in 
future work.
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Figure 2: a) (Plan view) Simulated temperature and material solidification evolution along the 
scanning direction in XY-plane. b) Dimensioned isometric view showing the depth used for 
volumetric heat addition. c) (Front view) Temperature and material solidification evolution across the 
depth of the scanning direction in XZ-plane. d) (Side view) Temperature and material solidification 
evolution along the depth of the scanning direction in YZ-plane.

Figure 3: a) Temperature gradient prediction of the DAM optimised mechanism between the top 
surface of the melt, 190 and 380 μm below the melt-pool from FE simulation for DAM of 316L 
stainless steel one-layer components. b) Cross-sectional view of the model showing the top, 190 
and 380 μm position considered for temperature gradient estimation
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TAKING A FOCUSED VIEW ON LASER 

SAFETY 
ANDY TOMS

SAFETY

With laser usage increasing year-on-year 
within the manufacturing sector, and as 
the applications to which they are applied 
becoming ever more diverse, the topic of 
laser safety should be at the forefront of our 
mind at all times.

Sadly however, apart from those of us 
directly involved in the manufacture, sales 
and installation of the technology, there 
still appears to be a significant lack of 
appreciation amongst users of the potential 
dangers that lasers can pose within a 
manufacturing environment. These dangers 
are not just those associated with the 
impact that a laser beam can have on the 
eye, consideration also needs to be given 
to dealing with the fumes generated when 
cutting or ablating using a laser. There are 
also a number of “myths” around what is 
and is not safe or dangerous, which must 
be firmly suppressed if safe operation is to 
be guaranteed at all times.

As a starting point it is worth comparing the 
issues around laser safety with that of robot 
safety. Prior to the recent introduction of Cobots 
(Collaborative Robots), within the UK and Europe 
at least, you would never see an industrial robot 
operating without a perimeter fence and/or 

light-guards. Even today, there is an ongoing 
debate around the safety of Cobots, and 
operator protection is further reinforced using 
robot “Skins” and other software tools. Clearly, 
operator safety around robots is something 
that everyone takes seriously. This is probably 
because they are easy to see with their bright 
yellow or orange colours, they often move fast, 
may be carrying heavy payloads, and you will 
definitely feel it if you get in the way of one.

With lasers becoming as commonplace as 
robots in the workplace, why then is there still 
such disparity surrounding the understanding 
of the safety requirements for lasers? In many 
cases lasers can pose much greater danger to 
individuals than robots, as you do not need to 
be in physical contact with the device to suffer 
harm.

There is actually no shortage of information 
available on lasers, their classification, and 
guidance on use and safety for those who care 
to look. However, it is essential that detailed 
consideration is given to the requirements 
specific to each application. Moderate- and 
high-power lasers are potentially most hazardous 
because they can burn the retina of the eye (IR 
lasers can burn all the way through to the optic 
nerve resulting in permanent damage or sight 

loss), or even the skin. As we know full well, but 
others still fail to recognise, not all lasers are the 
same, so there is no “one size fits all” when it 
comes to laser safety.

The main areas for concern are generally 
associated with Class 4 lasers, and it is not 
uncommon to see maintenance technicians 
working on a Class 4 system wearing the 
appropriate PPE, but the surrounding area left 
completely open and unprotected. This presents 
a hazard to others in the vicinity, who may 
inadvertently look in that direction, or worse still 
stop to look more closely, or speak with those 
performing the maintenance tasks, raising the 
potential for unintended and possibly lengthy 
exposure. Even if not directly viewing the laser 
beam, many fail to realise that spectral reflection 
of the laser from shiny materials can still be a 
source of harm to the eye.

Isolating the area surrounding a laser system, 
whether for maintenance or production, requires 
the use of appropriately specified materials for 
the enclosure or curtains, based on the laser 
being used. Also, any glass or acrylic panels 
used for viewing windows must meet the same 
standards as eyewear, again specific to the 
laser being used. Despite the myth, the use of 
traditional welding curtains will not provide a 

Lasers can pose a great danger to the eye if suitable protection is not used
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safe environment around the laser cell. Neither 
will black bin bags, which have been witnessed, 
supposedly acting as a laser safety curtain. 

Selecting the correct laser safety eyewear

Equally important is the correct selection of laser 
safety eyewear for operators and maintenance 
personnel. There is a wide range of laser safety 
eyewear available on the market today, from 
traditional laser goggles to stylish safety glasses. 
In all cases the lenses and frames must conform 
to either EN207, the typical standard for end 
users, or EN208, typically for alignment in Labs 
etc. 

With majority of people still buying EN207, 
this is often seen as the definitive standard for 
eye protection from lasers. Users should be 
consulting this standard to identify the DIRM and 
LB values appropriate for the wavelength and 
type of beam of the laser being used. This will 
ensure that the laser safety eyewear being used 
is appropriate.

With a wide selection of laser sources and 
types available on the market, plus the different 
wavelengths and power options, it is easy to see 
how those new to laser processing might fall 
into the trap of buying the least expensive, or for 
that matter, the most stylish looking laser safety 
eyewear. The consequences of that approach 
only become apparent when it is too late, and 
someone has suffered eye damage, which in the 
worst case could be a life-changing event. The 
old adage of “if in doubt, ask” is definitely worth 
remembering as all reputable manufacturers 
or suppliers of lasers or safety products will 
be happy to assist in the specification of the 
correct laser safety eyewear. In truth you 
should never need to ask as manufacturers 
and suppliers have a duty of care to make 

sure that the eyewear is applicable to the laser 
they are intended for. This is part of the new 
EN standards, applied on April 21st 2018 (see 
the article by Robert Yeo on page 24 for more 
details of the new EU regulation). 

Smoke Gets In Your Eyes

Where lasers are being used for cutting, welding 
or ablating, it is essential that correct levels of 
extraction and filtration are used to avoid fume 
entering or building up within the workplace. 
Within the long established industrial laser 
market, many companies using the technology 
will have effective extraction systems as an 
integral part of the laser system installation, 
however there are still instances where ineffective 
extraction is being used. 

As lasers become more cost effective, and with 
a wide range of small stand-alone or desktop 
lasers available, laser technology is finding 
its way into start-up businesses, smaller job 
shops and increasingly, schools, colleges and 
universities. Once again, the issue of laser safety, 
this time relating to fume extraction, is blurred 
to say the least.  Cheap imports may often be 
supplied without extraction systems or with 
a very basic, but wholly ineffective extraction 
system. Again, we see a similar scenario to that 
of laser eye protection, with the cry -  “we have 
extraction on our laser” – but does it work and 
how was it specified? 

Toxic fumes generated by laser processing, 
and allowed to enter the workplace through 
lack of extraction or filtration, will put the health 
of individuals at risk. Toxic gases can cause 
inhalation injury, ranging from minor respiratory 
discomfort to acute lung and airway injury and, 
in extreme cases, fatality.  

Apart from the risk to health, under-extracting 
is uneconomic, with airborne contaminants 
reducing the life of the laser’s lens and mirrors, 
resulting in potentially heavy replacement costs. 
The condensed films inside the laser also build 
up over time. There have been instances where 
an extraction system has been so blocked that 
fumes left the extractor before the laser was 
even switched on! This can also create a fire risk. 

In summary, the fact that laser technology will 
undoubtedly continue to play an increasingly 
significant role in many manufacturing 
environments, requires all parties involved in the 
industry to continue to promote and practice 
adherence to all safety standards.

Contact: Andy Toms

sales@tlm-laser.com
www.tlm-laser.com

Andy Toms is Director at TLM Laser has been in the 
laser processing business for almost 30 years, prior to 
that he was in the defence manufacturing industry.

SAFETY

SEE OBSERVATIONS P28

Correctly specified laser safety eyewear is an essential part of operators PPE

Poorly specified laser extraction systems can pose serious health risks to individuals
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WHAT’S NEW IN LASER SAFETY & 

PPE LEGISLATION? 
ROBERT YEO
Within the European Union, many products 
are subject to so-called “Directives” 
which (in effect) define legally enforceable 
essential requirements (and cite particular 
harmonised standards) that products 
must satisfy in order that they can be 
placed on the single market. For laser 
equipment itself, we will be familiar with the 
Electromagnetic Conformity Directive, the 
Low Voltage Directive and the Machinery 
Directive. For laser safety eyewear, the 
applicable directive has been the Personal 
Protective Equipment Directive (PPE), 
89/686/EEC which first came info force in 
1989. 

As of 21st April 2018, the original PPE directive 
has been superseded by EU regulation 
2016/425, and I will review here the main 
changes that the new regulation introduces. 
Some of the differences are substantial and will 
have a significant impact both on those that buy 
laser safety products as well as on those who 
make and/or distribute them in the European 
market.

EU regulation 2016/425 now makes it 
mandatory that:

• Suppliers of laser safety eyewear must 
provide a Certificate of Conformance with 
every order.

• The manufacturer (or their reseller/
distributor) is now responsible for selling 
the correct product for the customer’s 
application.

• The date of production must be marked on 
the product.

• The storage life of the product must be 
stated in the instructions for use.

• The operational life of the product must 
also be stated in the instructions for use.

For the suppliers of laser safety eyewear, these 
changes represent a paradigm shift. Considering 
first the requirement that the seller must ensure 
that the laser safety eyewear is fit for purpose, 
this shifts the responsibility (and liability) for 
ensuring the correct product is chosen from the 
customer to the seller. Given the potential risks 
to eyesight that arise through the use of incorrect 
eyewear, this must be seen as a positive change. 
Rather than a poorly educated customer buying 
the eyewear that they prefer the look of, or that 
which is simply the cheapest, the seller must 
now consult with the customer to determine 

the relevant laser parameters which govern the 
choice of appropriate eyewear and then offer 
those to the customer. Whereas a customer may 
have previously sought out and ordered generic 
“CO2 laser safety goggles”, the supplier must 
now only offer eyewear deemed suitable for the 
power and wavelength of the laser which the 
customer is using.

It is worth reminding ourselves how laser 
safety eyewear is currently specified. BS EN 
207 “Personal Eye-Protection. Filters and Eye-
Protectors Against Laser Radiation (Laser Eye-
Protectors)” came into effect in 1998. Until then, 
laser safety eyewear had been specified solely in 
terms of the optical density (OD or transmittance) 
that the filter material possessed at the laser 
wavelength(s). No account was taken before 
then of the filter material’s ability to withstand 
a direct beam exposure, nor of the stability of 
the frame to the laser beam. Indeed, until the 
introduction of EN207, some manufacturers 
of inexpensive polycarbonate laser eyewear 
tried to make a virtue out of the fact that their 
plastic material would make a “popping” noise 
which would alert the wearer to the laser beam 
burning through the filter. Which was of course 
absolutely fine provided that the laser didn’t 
instantaneously evaporate the filter and blind the 
poor, unsuspecting wearer. 

EN 207 introduced the requirement for damage 
threshold testing of both the filter and frame 
materials. The damage threshold was defined as 
that irradiance (W/m2) or radiant exposure  
(J/m2) that the eyewear (filter AND frame) could 
withstand for 10 seconds or 100 pulses, whilst 
maintaining the specified OD. This way, materials 
with a higher damage threshold (such as mineral 
glass or glass with dielectric coatings) were 
offered to protect against high power lasers, 
while low to moderate power beams could be 
safety blocked using lower cost polycarbonate 
materials. 

An example of the labelling that must be 
provided on the laser safety eyewear (and its 
packaging) to comply with EN 207 is shown in 
Figure 1and described below:

780-<810 DIR LB3 (OD3+)
810-<860 DIR LB4 (OD4+)
860-<900 DIR LB5 (OD5+)
900-<940 DIR LB6 (OD6+)

940-1070 D LB6 + IR LB7 (OD7+)
>1070-1080 DIR LB6 (OD6+)
>1080-1100 DIR LB4 (OD4+)

LV CE S

Taking the first line of the specification (in red):

1.  780-<810 is the wavelength range (in nm) 
that the eyewear is designed for use with.

2.  DIR is the laser type that the eyewear is 
suitable to protect against:

 a) D denotes a continuous wave laser, having  
 a pulse length of >0.25 s. 

 b) I denotes a pulsed laser, having a pulse  
 length of between 1μs and 0.25 s).

 c) R denotes a giant pulsed laser, having a  
 pulse length of between 1 ns and 1 μs.

 N.B. the letter M may follow the DIR   
 notation, denoting a mode-locked laser  
 having pulses of <1 ns.

3.  LB3 is protection level (or so-called “scale 
number”) as defined in EN 207. This number 
takes into account both the damage threshold of 
both filter and frame and the optical density (OD) 
of the filter material. 

4.  OD3+ is the minimum optical density of the 
filter material in the specified spectral band.

5.  LV CE S (last line of the specification) is the 
manufacturer code (LV = Laservision), statement 
of compliance to the CE PPE directive (CE) and 
statement of compliance to EN166 for impact 
resistance (S).

Figure 1: Protection ratings clearly displayed on 
safety glasses and packaging. Courtesy Pro-
Lite Technology Ltd.
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This particular eyewear from Laservision 
comprises a frame type F20 and a 
polycarbonate filter type P1C02. It is intended for 
use with infrared lasers in the range from 780-
1100 nm, but the protection provided does vary 
with wavelength, hence the rather long winded 
specification details above.

Marking of laser safety eyewear with just the 
wavelength and OD values (as was the case 
before EN207) is prohibited.

Other details which manufacturers make 
available in their technical documentation for 
their laser safety eyewear includes the colour 
performance of the filter material, as well as 
the spectral transmittance and optical density 
(OD) of the filter, as shown in Figures 2 and 3. 
Figure 2 shows a colour gamut diagram per EN 
172 for the filter material. In this case, the mean 
transmittance in the red, green, blue and yellow 
bands is quoted (42.6%, 49.9%, 38.7% and 
51.2% respectively). Figure 3 shows the spectral 
transmittance (transmittance as a function of 
wavelength) as well as the spectral optical 
density (OD as a function of wavelength) for the 
filter material. OD is the logarithmic reciprocal of 
the transmittance factor.

In general, for higher power lasers, the filter 
material normally required is either absorbing 
mineral glass, or in the case of the very highest 
powers, dielectrically coated glass which serves 
to reflect the laser light rather than absorb it. 

Figure 4 (courtesy of Laservision) shows an 
example of the latter type of eyewear, featuring 
reflective glass lenses.

With the introduction of the new European PPE 
directive in April 2018, the responsibility for 
selecting the correct eyewear now falls to the 
supplier. As such, the supplier will now seek 
information about the laser from the customer, 
specifically the laser wavelength, average power, 
pulse energy, pulse length, pulse repetition 
frequency and accessible beam diameter. From 
this data, the supplier will calculate the power 
density and (for a pulsed laser) the radiant 
exposure and hence the required protective 
scale number per EN 207. They will then select 
eyewear models that provide at least that level of 
protection and offer these to the customer.

Since EN207 was first introduced in 1998, 
there have been two revisions. The differences 
between the original and later standards are as 
follows: 

• EN207:1997 The original laser beam test 
diameter was 2mm and the time of laser 
impact was 10s or 100 pulses. A correction 
function was applied at smaller beam 
diameters. Products were marked with the 
CE symbol and protection denoted by ‘L’ 
scale numbers.

• EN207:2010 The test diameter was now 
reduced to 1mm (which was a more 
demanding test) but the time of laser 
impact was reduced to 5s or 50 pulses. 
The rationale was that it was felt to be more 
realistic that a person would move out of a 
direct laser beam hit in less than 5 seconds 
rather than the 10 seconds originally 
envisaged. It was now no longer possible to 
test damage thresholds using smaller beam 
diameters. Products were again marked 
with the CE symbol, but protection was 
now denoted by ‘LB’ scale numbers.

• EN207:2017 The most recent update to 
EN207 still requires products to be tested 
with a 1mm beam diameter, but scaling 
factors are applied to modify the required 
protection level for larger beams. For use 
with beam diameters from 1-15mm, the 
laser irradiance is scaled by d1.17 for glass 
filters and for d1.2 for plastic filters. For use 
with beam diameters of >15mm, the scale 
factor for 15mm is used. The modified 
irradiance is then used to determine the 
level of protection required. The effect is to 
increase the level of protection required for 
larger beam diameters.

The new scaling factor introduced in EN 
207:2017 takes into account the way laser 
safety products react differently to different beam 
diameters due to heat dissipation, especially with 
beam diameters over the 1mm test diameter. For 
example, with a 16mm diameter, although the 
power density will be less due to the larger area 
(power/area=power density), this power density 
value is then multiplied by 100 to account for 
reduced heat dissipation and this amended value 
is then used to determine the final protection 
level. In practice this usually means continuous 
wave lasers require a higher level of protection 
than they would have done before, especially 
when their beam diameter is larger than 1mm. 

The other significant change that 2016/425 
introduces is the concept of “best before” dates 
on the eyewear. While this may have little or no 
impact on ordinary, low cost, non-laser eyewear 
(which are often treated as disposable), that is 
not the case for laser safety eyewear which can 
often cost hundreds if not thousands of pounds 
a pair. 

Suppliers must now apply a date of 
manufacturer to the eyewear and define a “shelf 
life” and an operational lifetime in the instructions 
for use. Depending on the actual lifetime 
specifications different manufacturers adopt, the 
need for routine inspection and/or replacement 
of expensive laser eyewear may become a harsh 
reality.

Contact: Robert Yeo

robert.yeo@pro-lite.co.uk
www.pro-lite.co.uk
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Robert Yeo is the technical director of Pro-Lite 
Technology Ltd which serves as UK Distributor for 
Laservision.

SEE OBSERVATIONS P29

Figure 2: Colour performance of the filter 
material (i.e. how the filter material distorts 
primary colours). Courtesy Laservision.

Figure 3: The OD and transmittance curves. 
Courtesy Laservision.

Figure 4: Laser eyewear incorporating 
reflective, dielectric coated lenses for use with 
high power lasers. Courtesy Laservision.
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CUTTING

FIBRE LASER BREAKTHROUGH IN 

CUTTING THIN AND THICK METAL
DAHV KLINER & BRIAN VICTOR
The sheet metal cutting market is 
dominated by fibre lasers because of their 
unmatched combination of productivity, 
precision, and cost-effectiveness. Fibre 
lasers in the 2-4 kW range have become 
the workhorses for many fabrication shops, 
offering faster and more precise cutting of 
thin metal than legacy cutting technologies, 
such as CO2 lasers and plasma torches. 
Many fibre laser systems are, however, 
designed for cutting a limited range of 
metal thicknesses. Specifically, a small, 
tightly focused laser beam provides the 
fastest cutting speeds for thin gauges, 
but for thicker plate this small beam has 
significant limitations in edge quality and 
maximum thickness. Alternatively, a larger 
beam can improve the edge quality for thick 
plate because of the wider kerf, but with a 
substantial speed penalty for cutting thin 
sheet.

Large fabrication shops may purchase multiple 
fibre laser tools, where each tool is dedicated 
to cutting a particular thickness range. Smaller 
fabrication shops that rely on one tool to cut the 
full range of metals will have lower productivity 
if they are limited to one spot size, especially 
if they have a diverse job mix. These shops 
typically change the focusing lens in the cutting 
head to better optimise the laser spot size 
for a given job. Each lens change causes lost 
productivity when the laser is not cutting, and it 
risks contamination of the lens and the cutting 
head, which can result in catastrophic failure and 
significant repair costs and downtime.

The ability to automatically tune the laser spot 
size would greatly extend the applicability, 
productivity and process window of fibre lasers. 
Most existing approaches entail motorised free-
space optics. Examples include zoom cutting 
heads, fibre-to-fibre or free-space-to-fibre 
couplers that vary the launch conditions into 
the fibre, or fibre-to-fibre switches coupled to 
independent process fibres. Such free-space 
optical approaches entail significant cost and 
complexity and can degrade tool performance 
and reliability. They are sensitive to misalignment, 
contamination, and environmental conditions 
(temperature, vibration), introduce power 
dependence (thermal lensing) and optical loss, 
and/or have slow switching speed. Zoom cutting 
heads, which incorporate a motorised lens within 
the head, are larger and heavier than standard 
cutting heads, resulting in reduced acceleration 
and imposing additional design requirements on 
the gantry and motors. Tool designers resorting 

to these approaches are required to pass on the 
cost, performance, and reliability burden to their 
customers.

The lack of tunability of the spot size from 
existing laser sources thus forces tool integrators 
and fabrication shops to choose between 
flexibility in the job mix and tool performance and 
reliability. This compromise drives up costs and 
leaves productivity on the table.

Fibre laser breakthrough

nLIGHT® has developed a novel, all-fibre 
technology (Corona™) that enables rapid 
tuning of the fibre laser spot size directly from 
the feeding fibre over a range of more than 3x 
without any of the drawbacks of free-space 
approaches. In addition, these fibre lasers 
provide beam shapes that have shown improved 
cutting quality for various metals, including 
flat-top and annular (“donut”) beams. Corona 
fibre lasers at the 4 kW power level have 
delivered greatly improved performance over 
conventional fibre lasers for sheet metal cutting 
of mild steel, stainless steel, aluminum, and 
copper for thicknesses up to 1 in., enabling the 
development of “universal” tools for optimised 
cutting of a wide range of metal thicknesses.

The Corona fibre laser output beam is 
continuously tunable between ~100 μm and 
~300 μm. To facilitate process optimisation, a 
fixed number of settings (“Index” values) are 
provided. For example, Figure 1 shows the 
output beam diameters, BPP values, and beam 
shapes of a Corona fibre laser with six Index 
settings.  

As is evident in the beam images shown in 
Figure 1, the feeding fibre is divided into zones 
that guide the laser beam. Many different fibre 
designs are possible to address a wide range 
of applications. In the design shown in Figure 1, 
the feeding fibre consists of a 100 μm central 
core surrounded by two annular guiding regions 
with diameters of 200 μm and 300 μm. The 
beam diameter and beam shape are tuned 
by varying the partitioning of the laser power 
among these three guiding regions. The critical 
and unprecedented feature of Corona is that 
this tuning of the beam shape is accomplished 
all within fibre and with no free-space optics, 
thereby maintaining the performance, stability, 
efficiency, and reliability advantages of fibre 
lasers. The full laser power is available at each 
Index setting.

An additional advantage is that beam tuning 
is very rapid, with a transition time from the 
smallest to the largest diameter of less than 
30 ms. The fibre laser continues to operate at 
full power during an Index change, with no need 
to turn off (or “blank”) the laser while changing 
the beam shape, allowing adjustment on-the-fly. 
This rapid tuning enables use of the optimum 
beam characteristics for each step of the 
cutting process, not just for cutting of different 
materials or thicknesses. For example, different 
Index settings can be used during the piercing 
sequence versus cutting or during straight 
cutting versus cornering.

Metal cutting performance

The general metal cutting market, including laser 
cutting, is dominated by thick mild steel (MS) 
plate. The Corona fibre laser offers unique benefits 
in edge quality and maximum thickness for thick 
MS cutting compared to other laser systems. 
Figure 2 shows photographs of MS cut with both 
a standard 4 kW fibre laser with a 100 μm feeding 
fibre and a 4 kW Corona fibre laser. A fixed-optic 
cutting head with 1.5x magnification was used 
for all tests, and the assist gas was oxygen. The 
optimum beam shape is shown for each case, 
and the cutting speed and measured surface 
roughness are presented in the graph. Key 
observations are:

• For the thinnest sample (0.25 in.), the optimum 
beam diameter is 100 μm. The cutting speed 
and edge quality are similar for the two fibre 
lasers, as expected, because the lasers have 
similar spot size and BPP at this Corona setting.

• For thicker samples, the Corona fibre laser 
provides significantly better edge quality, 
with the roughness reduced by up to 3x. 

Figure 1: Beam diameters for a 4 kW Corona 
fibre laser with six Index settings. The bottom 
images show the corresponding near-field 
spatial profiles (i.e., the beam shapes near the 
focus below the cutting head) recorded with a 
CMOS camera. 
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The optimum beam diameter is >100 μm for 
these samples.

• The maximum thickness that provides 
consistent drop performance is 0.75 in. for 
the standard fibre laser. The Corona fibre 
laser substantially extends the range to 1 in. 
thickness with outstanding edge quality.

• The roughness of parts cut with the Corona 
fibre laser has a much lower dependence on 
thickness than parts cut with the standard 
fibre laser.  This high edge quality reduces 
or eliminates the need for costly and time-
consuming post-processing steps.

Figure 3 shows close-up photographs of 1 
in. MS cut with the standard fibre laser and 
the Corona fibre laser. Slag on the metal cut 
with the standard fibre laser prevents the part 
from dropping consistently from the skeleton, 
whereas the sample cut with the Corona fibre 
laser exhibits consistent drop performance. This 
dramatic improvement is essential to enable 
factory automation and “lights out” operation, 
which are key emerging trends in the drive 
to reduce manufacturing costs. In addition to 

reduced roughness, the better edge straightness 
and perpendicularity seen in Figure 3 are critical 
for applications such as welding. 

It is important to note that the edge-quality and 
thickness-range benefits provided by the Corona 
do not entail a speed penalty (Figure 2), and 
the cutting tool employed a standard, fixed-
optics cutting head. This “no compromises” 
performance is unattainable with any other 
technology and is derived from Corona’s unique, 
all-fibre design.

To demonstrate the stability of the cutting 
process we produced challenging shapes with 
small features. Figure 4 shows a 1 in. MS part 
with a very narrow web (0.110 in. wide). Even 
on this narrow feature, the edge roughness and 
perpendicularity are excellent, with no evidence 
of burn-through on the opposite side. The 
tunable beam size and shape of the Corona 
fibre laser enables consistent production of such 
narrow, high-aspect-ratio features, as well as 
small holes and precise corners on thick MS 
plate.

We have also explored nitrogen-assisted cutting 
of mild steel, stainless steel, aluminum, and 
copper using a 4 kW Corona fibre laser. In most 
cases, the smallest Index setting provides the 
best performance, with cutting speeds and edge 

qualities similar to a standard 4 kW fibre laser. 
This result is expected because Index 0 provides 
the highest power density on the work piece. For 
nitrogen cutting of some of the thicker materials, 
however, higher Index settings provide better 
edge quality for some applications with a penalty 
in speed because of the lower power density. 
In these cases, the optimum Index setting is 
application-specific, and Corona allows the 
tool integrator or end user to tailor the edge 
characteristics to the application.

Conclusions

The Corona fibre laser represents a major 
advance over standard fibre lasers and over 
previous technologies for providing tunable beam 
quality.  The wide range of beam characteristics 
and real-time tunability enable development of 
“universal” tools for optimised cutting a variety of 
metals and thicknesses. The job shop or factory 
is no longer forced into a choice of compromised 
performance, procurement of multiple tools, and/
or use of complex, expensive, and fragile free-
space optical technologies.

Contact: Dahv Kliner

dahv.kliner@nlight.net
www.nlight.net

Dahv Kliner is Vice President of Fiber Laser Technology 
and Brian Victor is Director of Industrial Applications at 
nLIGHT, Inc.
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Figure 2: Comparison of oxygen-assisted cutting of mild steel using a standard 4 kW fibre laser 
with a 100 µm feeding fibre and a 4 kW Corona fibre laser. The upper graph (left) shows the cutting 
speed, and the lower graph shows the measured edge roughness values. Photographs showing the 
edge quality are presented right, with beam images included below each photo.

Figure 3: A comparison of oxygen-assisted 
cutting of 1 in. mild steel with a standard 4 kW 
fibre laser (top) and a 4 kW Corona fibre laser 
(bottom). 

Figure 4: Narrow, high-aspect-ratio features in representative parts cut from mild steel plate with a 
4 kW Corona fibre laser. The narrow web section is 0.110 in. wide and 1 in. thick.
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OBSERVATIONS

GLASS JOINING BY 
VISCOUS GAP BRIDGING 
USING USP LASERS
Kristian Cvecek

Ultra-Short Pulse (USP) laser welding has 
been an area of significant scientific and now, 
industrial, interest for a number of years. From 
initial proof-of-principles through process 
development to a robust processing space; we 
are now seeing true industrial implementation. 

The unique advantages of USP welding in terms 
of highly localised thermal gradients, size, lack of 
an interlayer, and the accuracy of positioning of 
the weld seam result in numerous applications 
where USP welding has truly transformative 
capabilities. However, as the process moves 
from a laboratory into industry, practical issues 
naturally come to the fore. 

Kristian quite rightly points out the apparent 
contradiction in requiring optical contact before 
welding and at the same time requiring micron 
level positioning accuracy. This work seeks 
to address and ultimately solve the issue by 
increasing range of acceptable part standoff 
for welding by exploiting the process dynamics 
to their full. These practicalities are key in 
developing USP welding past the laboratory 
and into the field and I fully expect that this form 
of welding will become a standard, and highly 
useful, tool in the years to come. 

Richard Carter, Heriot-Watt University

For years the interest in processing of glasses 
and other transparent dielectrics with ultrashort 
laser pulses has been growing. The radiation 
propagating through the material is one of the 
unique features of such interaction, allowing 
three-dimensional volume processing with 
access to back surface of material. 

Precise control of energy dose and localised 
energy deposition (with limited heat affected 
zone) overcomes natural brittleness of glass 
materials. Therefore, it is possible to achieve very 
smooth refractive index changes, to process the 
glass surface by ablation without cracks, or to 
weld two similar or dissimilar materials with high 
strength of produced contact. 

At Amplitude we see the interest for joining 
similar and dissimilar materials using ultrashort 
laser pulses increasing. Process optimisation is 
necessary to meet industrial requirements for 
mass production, but femtosecond lasers have 
been ready for industrial use for over 10 years. 
With laser power scaling up to 100,W and pulse 
repetition rate to a MHz level, lasers of this type 
are appearing to be the solution for more and 
more industrial applications.

Konstantin Mishchik, Amplitude Laser 

This article on glass welding using ultrashort 
laser pulses, and enabling the bridging of small 
gaps between the sheets to be welded without 
the need of optical contact prior to laser welding 
is an interesting topic area. 

In this approach the weld seam is placed just 
below the interface of the weld partners to use 
the viscous flow of hot glass forming a bulge 
that closes the gap. However, for successful 
joining, several welding seams must be placed 
next to each other stepwise pulling the surfaces 
together. 

In principle the results are interesting and 
provide a benefit for the welding, e.g. for precise 
positioning of the glass sheets. However, it 
would be advantageous to see more detail 
evolve, e.g. the limitations in terms of the 
maximum gap size that can be bridged or the 
influence of the scan line distance and resulting 
stress accumulation (which could also lead to 
crack formation) as well as a comparison to 
the regular ultrashort pulse welding which also 
allows to bridge gaps of a few micrometers (see 
e.g. reference 11).  I look forward to reading 
more about this in future. 

Felix Zimmermann, TRUMPF Germany

NANOSECOND LASER 
PROCESSING OF BULK 
METALLIC GLASSES
Emmanuel Brousseau & Eleri Williams

Materials scientists are continually evolving 
materials with new and interesting properties. 
While their function and microstructural 
evaluation is often done-to-death there often 
remains a need to create entirely new ways to 
process them such that they find service.

Emmanuel and the team at Cardiff show us that 
the processing parameter set and the material 
formulation are closely linked when developing 
an optimum condition set. The work is important 
since amorphous metals have high potential in 
the production of micro components. This is 
because the microstructure which is common in 
‘conventional’ metals is not apparent here…….
it is a little bit like a woodworker not having 
to consider grains or knots in a workpiece. 
The trick is deploying the laser such that 
knots and grains don’t appear in the metal as 
demonstrated using X-ray diffraction. Well done 
team!

Adam Clare, University of Nottingham

The capacity of bulk metallic glasses for tensile 
strength and corrosion resistance makes them 
attractive for the industry; the creation of these 
materials requires specific conditions and 
specialised manufacturing techniques. 

In this article the capacity of the manufacture 
of these materials is explored through the use 
of nanosecond pulsed laser as well as the 
effects on the quality of the process due to the 
overlapping pulse. It introduces us to the specific 
conditions under which a good bulk metallic 
glass is produced and how manufacturing 
conditions in a laser system can affect the quality 
of these materials. 

The article also helps us to understand the 
subtleties of the manufacture of these materials 
with the help of the thermal components created 
by a nanosecond pulsed laser.

David Rico Sierra, University of Liverpool

A NEW AM APPROACH 
TO MULTI-LASER DIODE 
AREA MELTING  
Miguel Zavala-Arredondo et al.  

The work pursues an interesting approach for 
a future high-productivity powder bed fusion 
process. This approach appears to be similar to 
other studies focusing on increased productivity 
with big laser spots. The combination with 
simulation is certainly promising; at the same 
time, it appears that experimental verification of 
the model-based results is still missing. Thus, 
an experimental proof of the approach would 
be a desirable next step in order to evaluate the 
potential of this approach.

Hannes Gostne, EOS 

TAKING A FOCUSED VIEW 
ON LASER SAFETY
Andy Toms

Andy Toms’ article is very welcome and 
highlights many of the laser safety issues 
around industrial laser processing. At the higher 
power end, the predominant trend towards 
totally enclosed machines eliminates the need 
for operators to wear laser protective eyewear. 
However often the design of a machine does 
not give enough consideration to the service 
engineer who, during installation or service 
intervention, has to face the laser radiation 
hazard and latent fume/dust hazard.
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As lasers get smaller and cheaper, perhaps of 
greater concern are the low cost, lower power 
machines that have become readily available. 
These machines are often imported from 
countries who regrettably seem to have almost 
a total disregard for safety be it the laser, fume, 
electrical shock or fire hazard. 

Many are ending up in schools or with 
hobbyists who are less knowledgeable about 
the detrimental effects of these hazards than 
industrial users, and thus are more vulnerable. 
So we need to keep banging the drum and raise 
awareness for adequate protection to ensure 
we get the maximum benefit from continued 
(sometimes magical) technical advances with 
lasers.

Mike Barrett, MJB Laser Services

WHAT’S NEW IN LASER 
SAFETY & PPE 
Robert Yeo 

As laser systems become more widely used for a 
growing number of applications, some potential 
laser customers will be very worried about their 
own understanding of laser related legislation 
-should they introduce laser processing. So it’s 
important to make this as simple as possible for 
them to understand. 

The laser industry can at times believe that 
everyone understands the terms that we all use, 
which is of course not always the case, so it’s 
important for legislation to be clearly explained 
by suppliers, who therefore need to understand 
the legislation very well themselves.

OBSERVATIONS

I too have heard the horror stories about 
eyewear making popping noises as they fail, 
which of course has no place in modern 
industry. I also find that the markings that are 
required on laser safety screens and eyewear 
are often very difficult to read – so personally 
I find the graphs and accompanying printed 
information is often more informative. However 
we should try to create some way of displaying 
this that does not mean you have to read ‘War & 
Peace’, to find out if something is safe or not – 
maybe something like the ‘traffic light warnings’ 
for food could be considered?

One final note I would add is that the availability 
of laser screen test facilities in the UK is limited 
and there is probably a good business case for 
someone to start offering this.

Christopher Ogden, Laser Lines Limited

This is a very useful article that provides a 
clear summary of laser safety eyewear and 
the current regulations. I am sure that many 
users of industrial lasers will find it very helpful. 
It was interesting to read about the changes 
in legislation over the years, including those 
associated with legal responsibility. 

In my view, the requirement to state the 
operational life of the product is something 
that is likely to have significant implications. 
Whilst it is true that the polymer materials used 
in eyewear will degrade over time, this does 
depend on storage conditions, and indeed the 
main lifetime issues tend to be in relation to 
handling, cleaning etc., which could make legal 
judgements difficult.

Duncan Hand, Heriot-Watt University

FIBRE LASER 
BREAKTHROUGH IN 
CUTTING THIN AND THICK 
METAL
Dahv Kliner & Brian Victor

The article presents an interesting concept for 
optimising spot diameter for different material 
thickness to improve surface finish without 
killing cutting speed.  The stated assumption 
that the general sheet metal cutting market is 
“dominated by thick mild steel plate” is not my 
experience, however one imagines some benefits 
in cutting in other materials of greater thickness? 
Much of the typical run-of-the-mill cutting I have 
observed in the job shop arena is carried out 
with high pressure nitrogen.  Perhaps the cutting 
of thick section mild steel with oxygen also 
excites market interest, but here my experience 
is limited. A more measured comparison would 
have helped.

In recent years (the past 10), I have observed 
a shift in the marketplace as higher kW fibre 
lasers have become available on cutting systems 
(previously limited to around 3-4 kW, they are 
now available with 8-10 kW).  In the past it was 
stated that fibre lasers were only better than 
CO2 up to around 8 -10 mm – however, the goal 
posts have shifted and some very interesting 
results at over 20 mm thickness are now 
commonplace, and the drop in CO2 cutting has 
been dramatic.  

The author compares “standard fibre laser” with 
the new technology from their stable – it would 
be good to see if others can observe how much 
of a game changer this new source can be in the 
laser cutting market.

Dave MacLellan, AILU

Meet new contacts at an AILU event
AILU events are great for networking within 
the laser community.  Whether you are 
seeking to sell your products or services, 
make research links or find partners for 
funding, there are lots of advantages 
in coming along to one of our events 
(discounted fees for members) and making 
new connections.

Exhibit at an AILU event
Members are entitled to reduced rates as 
exhibitors at our 1-day workshops and other 
events where they can exhibit their products 
and services and network with our delegates. 

List your products and services in 
our online directory
The AILU Products & Services Directory is a 
place where you can be found. Here you can 

list all the products and services provided by 
your organisation and gain wider exposure.

Write for the Laser User magazine
We are always looking for features, case 
studies, news stories, product launches and 
technical papers which will be of interest to 
our members. We publish in February, May, 
August and November.

Fill a vacancy or find a job 

We can help with recruitment by sharing 
your requirements on our website and in the 
monthly e-newsletter. Just give us the details 
and we'll take it from there. 

Subscribe to our newsletter

Our e-Newsletter is sent out monthly.  
You can keep up to date with notices of 
events and news from our members as 

well as announcements of business and 
industry news, careers and other interesting 
information.  

Join in the conversation

AILU is involved in lobbying for the laser 
material processing community with 
government and strategic players. Get 
involved by joining the Steering Committee, a 
Special Interest Group or participating in one 
of our online surveys.

Please get in touch to find out more about your 
membership. 

Dave MacLellan 
dave@ailu.org.uk

SEVEN WAYS TO MAKE THE MOST OF YOUR AILU MEMBERSHIP



30

ISSUE 90 AUTUMN 2018 THE LASER USER

The AM workshop was chaired by Paul 
Goodwin of TWI and represented a good mix 
of presentations from end-users, equipment 
suppliers and service providers. Starting off 
the day was Moataz Atallah from Birmingham 
University who gave plenty of examples of 
research and development into interesting 
areas of AM, including functional structures 
and coming from markets as diverse as 
medical, nuclear and defence. 

Three presentations from end-users then 
followed, giving a very honest and transparent 
view of starting to use Laser based AM.   
Alex and Thea from Sutrue gave a very 
interesting account of using AM to rapidly 
reduce the cost and leadtime of medical 
device prototyping development.  Peter 
Brown then gave and account of starting his 
business, Laser Additive Solutions, as an 
AM DED job shop from scratch based on 
powder fed AM, and the risks and high cost 
investment associated with it.  

Finally in this session, Neil from Croft AM 
highlighted the journey of an SME exploiting 
AM to improve their product portfolio with 
innovative designs proving that the best 
results from AM come where you design 
things that would be virtually impossible to 
manufacture by other methods and that 
overcome existing problems well.

After the break, the Vendor Forum gave 
an opportunity to hear about the latest 
AM products from Renishaw (Stuart Offer) 
including their 4-laser system for improved 
productivity, then TRUMPF (Tom Chaffer) 

highlighted the latest development and some 
case studies – finally nLight (Tim Morris) 
outlined how a fibre laser capable of rapid 
mode-change on-the-fly could improve 
productivity by choosing spot size on the fly.

A networking lunch allowed the delegates 
and 10 exhibitors to mingle over food 
and drink, then the third session allowed 
presenters to cover topics like new materials 
and modelling techniques.  Andre Nemeth 
from OxMet and Joseph Roddis from LPW 
covered materials and Tyler London from 
TWI spoke about modelling.  Finally Luke 
Ambrose from Materialise spoke about 

software to improve workflow and reduce 
overall cycle times.

The final session included talks from Richard 
Proctor of Sigma Labs, Ben Dutton from 
MTC and David Hardacre from Lloyds 
Register, covering process control, testing 
and certification – all essential aspects 
of bringing additive manufacturing into 
mainstream production.  After the final 
session there was an opportunity to tour the 
facilities at TWI.

Dave MacLellan, AILU
dave@ailu.org.uk

EVENTS

Advanced Engineering 2018 was a great success with a large networking 
area at the centre of the Laser Manufacturing Hub and clear signage to 
direct people to this area.  We would like to see several more AILU member 
companies take advantage of this opportunity to put lasers “on the map” at 
this buzzing show.  Next year we anticipate a similar layout.  

Contact AILU or Easyfairs (the show organisers) directly to book your stand 
for Advanced Engineering 2019.  The dates will be 30-31 October 2019.  
Several new enquiries have been received already, and the 2019 show is 
apparently 69% booked already.

ADVANCED ENGINEERING 2018

31 OCTOBER - 1 NOVEMBER, NEC, BIRMINGHAM

LASER ADDITIVE MANUFACTURING WORKSHOP

3 OCTOBER 2018 - AMP TECHNOLOGY CENTRE, ROTHERHAM

Workshop speakers (L to R):  Joseph Roddis (LPW Technology), Moataz Atallah (Univ. 
Birmingham), Andre Nemeth (OxMet Technologies), Tyler London (TWI), Neil Croft (Croft AM), Ben 
Dutton (MTC), Paul Goodwin (TWI), David Hardacre (Lloyds Register), Tim Morris (nLight), Richard 
Proctor (Sigma Labs), Stuart Offer (Renishaw), Darren Beckett (Sigma Labs), Alex Berry (Sutrue), 
Peter Brown (Laser Additive Solutions), Thea Partridge (Sutrue), Luke Ambrose (Materialise), Tom 
Chaffer (TRUMPF)
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PRODUCT NEWS

SYSTEMS & SOURCES NEW PICOSECOND FIBRE 
LASER FROM ACSYS
The new PIRANHA® Multi with ultra-short-pulse 
fibre lasers is ideal for fine-cutting of ultra-thin 
foils, high-precision micro machining of thin 
layers and the removal of  conductive oxide, 
anti-reflective, nitride or metal layers.

The picosecond laser capability is able to 
produce corrosion-resistant black marking 
especially on stainless steel – where the mark 
can be read with good contrast from any 
angle. Optical effects created on the surface 
microstructure generate the contrast without 
any melting burrs, making this ideally  suited for 
Unique Device Identification marking of surgical 
or medical devices. 

In addition, the new PIRANHA® Roboshift is 
equipped with an integral six-axis robot for faster 
loading and unloading of components.

Contact: Mick Hemmings
info@acsyslaser.co.uk
www.acsyslaser.co.uk

AMADA OFFERS BENEFITS 
WITH CFC TECHNOLOGY
AMADA is making its new Clean Fast Cut 
(CFC) technology available as standard on 
its high power (6 kW and 9 kW) fibre laser 
cutting machines. CFC is up to 90% faster 
than standard Clean Cut (CC) and can use less 
nitrogen when cutting 8 mm stainless steel, for 
example. 

CFC is capable of delivering enormous benefits 
to general subcontractors who cut mid-thickness 
stainless steel and mild steel, as the higher 
cutting speeds and lower gas consumption give 
a reduced cost-per-part. Manufacturers needing 
to weld or paint parts after processing will also 
enjoy advantages as there is no need to clean 
the edges, which is required when using oxygen 
to cut mild steel.

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

UK DEBUT FOR NEW 
TRUMPF 3D PRINTER
TRUMPF recently showed its new 3D printer, 
the TruPrint 3000, for the first time in the UK. 
For anyone requiring a 3D printer for large-scale 
production of complex metal parts, the machine 
offers a building volume of Ø 300 x 400 mm. It 
features an ingenious interchangeable cylinder 
concept which reduces setup times, increases 
productivity and machine utilisation rate.

Since the TruPrint 3000 is equipped with two 
supply cylinders, up to 75 litres of powder is 
available for each job, which is around two 
and a half times the construction volume.  This 
is sufficient powder to complete an entire 
manufacturing process without having to stop 
for refilling.

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

FIBER LASER BREAKTHROUGH
Tunable beam quality enables optimised cutting of thin and thick metal

® TMThe nLIGHT  Corona  fiber laser represents a major
advance over standard fiber lasers and over previous
technologies for providing tunable beam quality.  

The system offers:

 Wide range of beam characteristics
     and real-time tunability
 Allows for development of “universal” tools 
     for optimised cutting of a variety of 
     metals and thicknesses 
 No compromise of performance, no 
     requirement for multiple tools, no need
     for complex, expensive, and fragile 
     free-space optical technologies.

01295 672500 | lasers@laserlines.co.uk | www.laserlines.co.uk

10kW nLIGHT Corona Fiber Laser

Contact us for further details:

Authorised nLIGHT Distributor
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Nmark AGV-HP Nmark GCL

Integrated Servo/
Scanner Systems
• Wide range of focal 
lengths and apertures

• Industry best accuracy 
and thermal stability

• Laser fi ring based on 
real-time scanner/servo 
position

Nmark AGV-HPO

X, XY, XYZ, and Z Piezo 
Nanopositioners and 
Piezo Controls
• Resolution to 0.02 nm

• Linearity to 0.007%

• Bidirectional repeatability 
to 1 nm

• Resonant frequencies 
to 7000 Hz

• Travels to 600 µm

Q-Series

Micromachining Shouldn’t be a Giant Task

Linear Stages
• Models with travels from 
50 mm to 1.5 m

• Speeds up to 2 m/s

• Side-seal design with 
hard-cover

• Low cost; high performance

• Ball-screw or linear-
motor-driven models

PRO and 
PRO-LM 

Series

Cylindrical Laser 
Machining Systems
• Integrated linear/
rotary motion platform

• Advanced control 
architecture

• Single- or dual-spindle
confi gurations

VascuLathe® DS

Get our FREE brochure 
Capabilities in Laser Processing and Micromachining 
at www.aerotech.co.uk/resources/brochures.aspx

AH0118B-LPM-LTD

www.aerotech.co.uk • +44 (0)1256 855055

AH0118B-LPM-LTD-LaserMicromachining-190x126.indd   1 9/28/2018   9:45:49 AM

SCANLAB'S ENTRY-LEVEL 
SCAN HEAD MORE FLEXIBLE
SCANLAB GmbH introduces an additional 
variant of its entry-level basiCube scan head. 
This new basiCube model’s SL2-100 interface 
now allows direct control by RTC5 boards. 
Execution of highly elaborate laser jobs and 
more complex graphics is thus possible for laser 
marking, subsurface glass engraving or similar 
applications.

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

COHERENT CLEANWELD 
FOR FIBRE LASER WELDING
The new Coherent CleanWeld technology 
represents an integrated approach to fibre 
laser welding that delivers up to 80% spatter 
reduction, as well as minimal cracking and 
porosity. 

In addition to improved process consistency, 
it allows certain welding processes to be 
performed with up to 40% less laser power. The 
goal is to control and maximise the stability of 
the keyhole and melt pool during the welding 
process.

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

NEW VULCAN CLEANING 
SYSTEM FROM ANDRITZ
The new Vulcan 500c fibre laser from ANDRITZ 
Powerlase is mobile, light and compact and 
boasts fibre laser reliability with unmatched 
high pulse energy. The Vulcan 500c system is 
a 500 W pulsed fibre laser, paired with a robust 
galvanometer based, ergonomic hand-held, 
compact scan head. The system offers state-
of-the-art universal control systems and simple 
synchronisation that will deliver faster processing 
and unlock the highest potential of laser-
based paint and coating removal and surface 
preparation.

Contact: Alisha Mehmet
a.mehmet@powerlase-photonics.com
www.powerlase-photonics.com

ANCILLARIES
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BOFA’S NEW FIREBOX 
IMPROVES SAFETY
BOFA International has unveiled new and 
improved versions of its FireBOX technology to 
further reduce the risk of fire in the workplace. 

The new patent-pending units, independently 
tested by Ordnance Testing Solutions Ltd, are 
designed to meet the requirements of all classes 
of fire, from those caused by liquid and gases 
to wood, metal and combustible materials in 
general. 

The applications that BOFA customers rely upon 
for extraction solutions continue to grow, notably 
in the laser industry where certain processes 
present a persistent risk of embers or self-
igniting particulate. BOFA’s new FireBOX GA 
(General Application) and FireBOX MA (Metal 
Application) are purposed-designed to manage 
and mitigate these risks.

Contact: John Horsey
john.horsey@bofa.co.uk
www.bofainternational.com 

BOFA HELPS RECOVER 
PRECIOUS METALS
BOFA International has launched upgraded 
technology that makes it easier for the jewellery 
industry to recover precious metals that might 
otherwise go to waste. The new AD GoldSEAL 
Cyclone RS incorporates an innovative pre-
filtration system - plus filter media that can 
be incinerated - to help operators recover 
precious metal particulate emitted through laser 
production processes. Lasers are increasingly 
used in the jewellery sector to personalise rings 
and other precious metal items.

Contact: John Horsey
john.horsey@bofa.co.uk
www.bofainternational.com 

LASER-ETCHED LABELS 
FROM ES PRECISION
ES Precision supplies sticky labels of any shape 
which have several characteristics that make 
them perfect for asset tracking, warranty claim 
security and production tracking. The label 
material will already be familiar to many motorists 
as car manufacturers use such material for tyre 
pressure and fuel type labels.The combination 
of ES Precision’s industrial lasers and the tesa® 
tape material delivers the following unique 
chatracteristics: labels can be any shape or size, 
provide evidence of tampering, are temperature 
and outdoor weathering resistant, and have high 
resolution and contrast data.

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

PRIMA POWER LASERDYNE 
SOFTWARE UPGRADE
Prima Power Laserdyne System 94P Software 
version 2.5.1 is designed to reduce part cycle-
times, improve efficiency and provide additional 
capability for laser welding, drilling and cutting 
processes. 

Contact: Fabrizio Barberis
fabrizio.barberis@primapower.com
www.primapowerlaserdyne.com

RAYLASE PRESENTS NEW 
2-AXIS DEFLECTION UNIT
With its new SUPERSCAN IV-15 WAFER 
2-axis deflection unit, RAYLASE GmbH offers a 
sophisticated solution for challenging industrial 
applications. Applications include, in particular, 
the structuring of wafers in the solar industry.

Contact: Harnesh Singh
h.singh@raylase.de
www.raylase.com
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A FUNNY THING...

You may well remember the famous case of 
mistaken identity in 2006 when BBC News 
24 interviewed the wrong “Guy”.  They had 
planned to feature Guy Kewmey, an expert on 
technology, but instead the producer fetched 
Guy Goma, an out of work IT technician who 
was waiting for a job interview.  Guy Goma was 
asked if he was “Guy” and he answered yes 
(since that was his name too).  The moment he 
is introduced on live TV as Guy Kewmey, you 
can see his look of horror (watch it on YouTube!).  
However, he went on to give the best answers 
he could – imagining this must be some clever 
BBC assessment technique.  Sadly he didn’t get 
the job at the BBC, but he did become a minor 
celebrity for a few months and his interview has 
had a few million views.

My own near miss in the area of mistaken 
identity involved a trip to the train station to pick 
up a London jeweller who I had emailed many 
times and spoken to on the phone to arrange 
a visit to see the latest laser welder – but I had 
never met him.  I turned up to meet the train 
and waited outside, assuming I would spot 
him even though I hadn’t bothered to make a 
name board like you see at airport arrivals the 
world over.  Noticing someone emerge from the 
platform who seemed to be the right sort of age, 
and also who seemed to be looking a little lost, 
I greeted him with “Mark?” and he nodded.  We 
then started to walk a few paces towards the 
car and I had some doubts about him, so I tried 
adding his surname – at this point I discovered 
he was “the wrong Mark” and apologised, 
directing him to the taxi rank instead.  Hot on 
his heels was “the right Mark” and everything 
went fine.  I sometimes wonder how long the 
mistaken identity might have continued, if I had 
said nothing! 

I guess I must also have one of those familiar 
faces, as on a few occasions other people have 
mistaken my identity.  Walking down a road in 
London, I was stopped by a man who thought 
he recognised me and I was a little disappointed 
when it turned out he thought I was an Estate 
Agent who was selling his house.

Another time I was hailed from a distance as 
“Phil!” – I didn’t turn around until they became 
very insistent and I realised they had the right 
face but the wrong name, they had mixed up 
my name with one of my colleagues who was 
actually called Phil.  I wonder if they still call him 
“Dave”. Some time later, I received a Christmas 
card to “Phil & Marion” – at this point, I realised 
that things had gone too far… 

Nowadays things are a little easier, we have 
Facebook and LinkedIn (most profiles have 
an image), and many people have a photo on 
their website too.  At the National Strategy 
Launch Event in March this year, I made sure 
we had a sheet with the headshots of all the 
MPs who might attend our event in the Houses 
of Parliament – to hopefully avoid similar 
embarrassment.  

The moral of the tail is perhaps to “do your 
homework” before you set off to a meeting – or 
keep your mouth shut and hope that everyone is 
wearing a name badge!  Mistakes like the above 
can be very embarrassing for all concerned.

Dave MacLellan 
dave@ailu.org.uk

THE WRONG GUY

We are looking for new content to make The 
Laser User more interesting, relevant and 
entertaining to read.  

If you would be interested in contributing to 
the magazine, we would love to have your 
input and we will do our best to use your 
words and high resolution images.

To submit content contact cath@ailu.org.uk

We need:

• Press releases

• Business news

• Technical articles 

• Observations 

• Anecdotes 

• Case studies 

• Interviews 

• Tips and tricks

WOULD YOU LIKE TO WRITE FOR ‘THE LASER USER’?

debe.co.uk
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ILAS 2019

CREWE HALL HOTEL, CREWE, CW1 6UZ

20-21 MARCH 2019

PLENARY SPEAKERS

Duncan Hand 
Heriot-Watt University 

UK

Stefan Kaierle
Laser Zentrum Hannover

Germany   

Hideki Kyogoku
Kindai University

Japan

Stephan Barcikowski, 
University of Duisburg-Essen

Germany

ATTEND ILAS
Register now to attend ILAS before the Early Bird rate ends.  
100% of delegates surveyed at ILAS 2017 said they would 
recommend ILAS to colleagues.  Attending ILAS allows 
you to keep abreast of the latest developments in laser 
technology and applications in the company of your peers.

EXHIBIT AT ILAS
ILAS will have space for around 35 exhibitors. Spaces are 
going fast so contact AILU to reserve your table to meet and 
network with 250 of your peers.  Over the 2 days of ILAS, 
you will have the opportunity to make new connections, 
discuss new business and collaboration opportunities and 
find out what’s new in the laser material processing sector.

• Additive 

Manufacturing

• Surface Engineering

• Micro Welding

• Macro Welding

• Micromachining &  

Microfabrication

• Diagnostics  & 

Measurement

• Sources & Beam 

Delivery

• Marking & Engraving

• Laser Cutting

• Laser Cleaning

CIM-LASER SESSION
ILAS 2019 will feature a unique additional session focused on the EPSRC-funded Centre for Innovative Manufacturing in Laser-based 
Production Processes (CIM-Laser).  This centre which started in October 2013, draws to a close in 2019 and the ILAS represents an 
ideal opportunity to present the achievements and research outcomes from the past 5 years.   

SESSIONS

REGISTER BEFORE 21 DECEMBER 2018 FOR 10% EARLY BIRD DISCOUNT

www.ilas2019.co.uk
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EVENTS DIARY

DATE EVENT LOCATION

20-21 March 2019 Crewe Hall, Crewe

21 December 2018 ILAS 2019 Early Bird 
Registration closes

www.ilas2019.co.uk

05-07 February 2019 SPIE Photonics West San Francisco, USA

22 May 2019 Lasers for Makers  
Workshop

Here East, London

21-24 May 2019 8th international congress 
on Laser Advanced Material 
Processing (LAMP)

Hiroshima, Japan

23-27 June 2019 Munich, GermanyLiM 2019 – Lasers In 
Manufacturing

24-27 June 2019 Laser World of 
Photonics

Munich, Germany


