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Top left, clockwise: First plenary (Craig Arnold); 
Symposium dinner; Student manuscript winner 
Nesma Aboulkhai with her supervisor Moataz 
Attallah; Exhibition; Refreshment break; Magical 
interlude by Mike Green

The principal objectives of AILU 
include:

 • To foster co-operation and collabo-
ration on non-competitive technical 
matters and provide a forum and 
mechanisms for sharing experience 
and expertise.

• To encourage the expansion of laser 
use into applications where they can 
add value and increase company 
competitiveness.

 • To represent and promote the inter-
ests of industrial laser users.

 • To disseminate professional and 
other information to members.

 • To promote best practice in the 
commercial applications of lasers in 
materials processing and allied tech-
nologies.

 • To support the maintenance and 
improvement of standards of laser 
safety and performance.

AILU membership is a valuable source of 
information concerning laser technology 
and applications. Benefits include: 

• Subscription to The Laser User, the 
leading magazine on laser applica-
tions with news and views from the 
UK and world-wide.

• A 'hot-line' consultancy service pro-
vided by members for members.

• Free entries in the AILU Product and 
Services Directory on the web site.

• Regular meetings, including mem-
bers-only meetings and open work-
shops e.g. where key areas of tech-
nology are open for discussion.

 • Access to the members' area of the 
web site with lots of technical articles 
plus frequently asked questions, cur-
rent laser safety and performance 
standards etc.

• Major discounts on registration fees 
for events organised by AILU and 
affiliated bodies.

The AILU objectives

Benefits of  
membership 

Helping you make the most of laser technology

Joining AILU
We are a non-commercial non-profit-making organisation driven by a fascination for 
lasers and their potential in manufacturing, and by a desire to help members make 
the most of laser technology. 

If you have an interest in laser technology and/or applications and are not already a 
member of AILU, then do consider joining the most active association of users and 
suppliers of laser-related equipment and services bar none. 

The cost of membership is modest and the potential benefits huge. 

Apply for membership on line by following the 'AILU membership' link at

www.ailu.org.uk
or simply contact the AILU office at 

+44 (0)1235 539595

What does AILU membership mean to me?

Being a member of the Association of 
Industrial Laser Users is great because 
it allows me the opportunity to stay in 
touch with the laser community and to 
stay up to date with the latest technolo-
gies, processes and equipment. 

At LASE we offer a laser cladding and 
laser hardening job shop which relies 
on a constant supply of enquiries. 
Some of these enquiries come directly 
through the Association of Industrial 
Laser Users, and for this service, being 

a member of AILU 
is extremely valu-
able. In addition 
to this, the AILU 
meetings I attend 
are always interest-
ing and relevant.

Sam Lester 
Technical Director, 
LASE
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AILU's 21st AGM

It was all change at the AGM held 
on 22nd April 2015 at the Rutherford 
Laboratory, Didcot. Ric Allott became 
President, Lin Li was elected Vice 
President and Dave MacLellan took the 
role of Executive Secretary. Best wishes 
were extended to Mike Green, who has 
been Executive Secretary for 20 years, 
and special thanks were extended to 
Neil Main, who as President had steered 
AILU through this time of change. 

The AGM minutes are included (loose) in 
this issue. In addition to the officers, four 
members from the industrial community 
joined the committee to serve a three-
year term (see below).  

N.B. Contact details for the AILU office 
remain unchanged

ASSOCIATION NEWS

AILU's New Executive Secretary 
Dave MacLellan

Having been a mem-
ber of the laser com-
munity for 25 years 
this year, I know a 
lot of AILU members 
already – but looking 
at the membership list 
I realise that it's less 
than half the total, so 
one thing I'm looking forward to over 
the next year is making new links with 
members at workshops and other AILU 
events.  

Almost exactly a year ago, I started 
my new company, Anode Marketing, 
with a view to providing online mar-
keting as a service and giving myself 
flexibility to work with a wider range 
of companies. One of the first things I 
did was to become an AILU member. I 
had identified AILU as an organisation 
which could benefit from a marketing 
refresh, and had in mind that I could 
contribute in some way to the future 
of AILU. Little did I know that Mike 
Green would be standing down as 
Executive Secretary this year and I was 
honoured and delighted to have been 
selected to succeed him in this role, 
which was confirmed at the AGM a few 
weeks ago. Mike and I will be working 
together to make a formal transition 
between now and the end of October 
2015, when my company takes over 
the Secretarial Contract for running 
AILU day-to-day.

During the past few months I have 
talked with existing members about 
what AILU should do to grow the 
Association. In particular, I am keen 
to engage with organisations that use 
lasers as an industrial tool who can 
share their experience with us and 
benefit from AILU membership. I am 
sure that most AILU members know 
of several companies using more than 
5-10 laser systems in production who 
could be prime targets for approach. 
As a starting point for collecting such 
feedback and ideas, I will be circulat-
ing a member survey very soon asking 
for feedback, suggestions, advice and 
constructive comments.

I look forward to hearing from as many 
members as possible. My contact 
details are below. Speak to you soon!

Dave MacLellan
Email: dave@ailu.org.uk 
LinkedIn: www.linkedin.com/in/davemaclellan  
Mobile: 07473 121142

WELCOME TO NEW 
CORPORATE MEMBERS

Radan-Vero Software
Contact: Marc Freebrey
E: marc.freebrey 
                     @verosoftware.com

Rideo Systems
Contact: Paul Apte
E: p.apte@rideosystems.com

AILU's new officers:  
(l to r) Dave MacLellan, Ric Allott, Lin Li

New AILU committee members, clockwise 
from the top left; Paul Goodwin (Laser Cladding 
Technology), Tony Jones (Tec Systems), Adrian 
Norton (think laser) and Roger Hardacre 
(Advanced Laser Technology)

SHARP 
COMMENT
Wind of change

With what seems like 
an ever increasing 
teaching workload, I was grateful to 
get to ILAS 2015 with my colleagues at 
Liverpool John Moores University, Paul 
French and Adam Rosowski. In my last 
Sharp Comment I said ILAS would be 
bigger and better, and it was! A fantas-
tic range of talks, posters, and a busy 
exhibition area. I think ILAS is now an 
established event in the LMP calendar. 
To me this means that ILAS 2017 must 
aim for continued growth; and the key 
to this is for members and contributors 
at ILAS 2015 to commit to ILAS 2017 
by listing it as a March 2017 event in 
their diaries and encourage friends and 
colleagues to participate as well. For 
a company considering exhibiting, put 
the event in the marketing budget. I 
would also add that networking is an 
important activity at ILAS; so, assum-
ing that the format remains the same 
as last time, stay the night at the event 
hotel and enjoy the evening dinner. 

I can't resist pointing out that the pres-
entation of the AILU Award to Paul 
Hilton at ILAS was nearly 30 years to 
the day that Paul and I started work in 
the R&D department of Control Laser 
in Daventry: my first job in industry 
and the first of two spells I had work-
ing with Paul before he joined TWI. His 
efforts in pushing forward laser materi-
als processing and collaboration with 
European and wider communities, as 
well as his support and leadership at 
AILU made for a most worthy recipient 
of this award.

Of course, ILAS 2015 was made possi-
ble by the efforts of Mike and his team 
and we must also send our thanks to 
Neil and Ric and the organising and 
technical committees for their efforts in 
putting this event together.

Unlike in previous years the AGM was 
not held at ILAS; indeed, as I write 
this it has only just happened. So we 
must thank Neil for his Presidency, and 
his effort in guiding AILU, and espe-
cially for having managed the change 
of Secretary. His experience in both 
the technology and the running of 
Micrometric were a valuable resource 
in this regard.

(continued over)
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Sharp Comment continued

It is good to see Ric becoming President, 
in particular bringing his experience of 
networking and knowledge transfer to 
the helm, as well as his understanding of 
business development, but again all root-
ed in laser technology at Rutherford and 
Exitech. I am looking forward to working 
on the committee with Ric and our new 
VP, Lin Li. Lin’s academic record speaks 
for itself, but as President elect of the 
Laser Institute of America, and with con-
nections through the world, there may be 
an opportunity to recruit more overseas 
members and visitors to ILAS2017.

But at the heart of all this change we 
must welcome Dave MacLellan as our 
new Executive Secretary. I struggle to 
think of a better person to do this: 25 
years in Sales and Marketing positions 
with Lumonics and Rofin-Baasel pro-
vides a deep insight into our commu-
nity and its needs. Together with those 
marketing skills, I think we are in a good 
position to maintain and hopefully grow 
AILU as a world leading Association of 
Industrial Laser Users.

Martin Sharp
E: m.sharp@ljmu.ac.uk

AILU's International Award winner

The AILU International Award is pre-
sented to a member of the international  
laser materials processing community 
who has provided outstanding sup-
port to AILU over many years. Prof. Dr. 
Eckhard Beyer, Executive Director of the 
Fraunhofer Institute Material and Beam 
Technology IWS in Dresden, Germany, is 
such a person. In particular, he has been 
an invited speaker at several AILU work-
shops and his institute have provided 
many papers for the AILU magazine. 

"I feel very honoured to receive the AILU 
International Award. This is highly appre-
ciated," said Eckhard, who gave a ple-
nary presentation at ILAS. 

Eckhard Beyer (right) receiving the AILU 
International Award from President Neil Main

Two prizes for TWI at ILAS 2015

TWI Technology Fellow Paul Hilton 
received the AILU Award for his out-
standing contribution to the industrial 
use of lasers in the UK. Paul has pub-
lished close to 100 papers on the use of 
high-power lasers for materials process-
ing applications and has served twice 
as President of AILU, the only person 
to have done so. His activities within 
Europe are also recognised and he is 
currently Chairman of the Executive 
Board of ELI, the European Laser 
Institute. His work has supported the 
uptake of industrial CO2, Nd:YAG, diode 
and fibre lasers and has included inno-
vative welding, cutting, processing and 
decommissioning applications.

Also at the ceremony, TWI’s Matt Spinks 
was awarded the AILU Young UK Laser 
Engineer’s Prize, which is designed to 
encourage young people to develop their 
interests in laser applications. Joining 
TWI in 2007 as an Advanced Apprentice, 
he is now Team Leader in the Laser and 
Sheet Processes Laboratory. 

Matt won the award for his contribution 
to the successful application of a remote 
laser cutting process for reducing the 
cost of decommissioning radioactive 
metal skips for the nuclear industry. 

The prize giving, led by AILU President 
Neil Main, took place during the ILAS 
symposium dinner on 17 March, attended 
by over 140 delegates. Neil presented the 
AILU award, a 3-D engraved glass block 
which was mounted on an elaborate 
stand of laser cut and engraved interlock-
ing parts. Ric Allott, AILU VP, presented 
Matt with a cheque for £275 and a laser 
engraved plaque.

The Association is very grateful to 
Micrometric for the manufacture and 
assembly of the Award mount and to 
Trilogy Laser Craft for providing the 
plaque. 

Lifetime Achievement recipient Paul Hilton (right) 
with Young UK Laser Engineer Matt Spinks

AILU's departing Executive Secretary
Mike Green

The 6th July is AILU’s 
20th anniversary. At 
it's inception we had a 
provisional committee 
of 12, with Bill Steen 
as President-elect, 
myself as Secretary-
elect, six Vice 
Presidents and Pro 
Laser, my consultancy business, han-
dling the money and providing the sec-
retarial services for running AILU day-
to-day. The model has worked well. 

Ever since my appointment 20 years 
ago I’ve felt privileged to hold the 
position, to have had the trust and 
confidence of the committee through-
out and strong support from so many 
individuals in the UK Laser Materials 
Processing (LMP) community. It has 
been a wonderful experience and I am 
delighted that David MacLellan is tak-
ing over, with Anode Marketing manag-
ing the Secretarial Contract.

Even after 20 years the ongoing level 
of activity and enthusiasm within AILU 
is undiminished. This is a sure sign of 
the value of AILU to the industrial laser 
community. One of the many things 
that Dave will bring to AILU is the abil-
ity to take full advantage of the cur-
rent revolution in communication - its 
technology and etiquette - and with it, 
hopefully, a growth in AILU member-
ship, especially of laser users in manu-
facturing industry. 

Reaching this group of laser users 
remains quite a challenge. Just as LMP 
applications are diverse so too are the 
needs and interests of the industrial 
laser users who exploit laser technol-
ogy: this is, after all, only a reflection 
of the flexibility that lasers offer as an 
industrial tool. 

Ever since the launch of AILU, aca-
demics and manufacturers and sup-
pliers of laser and laser-related equip-
ment and services have been the 
largest membership categories and 
consequently they are the best served 
by AILU with its current range of activi-
ties and services. These are also the 
people that AILU relies on to keep 
up to date with LMP technology and 
applications for manufacturing industry. 
But suppliers especially could be doing 
a lot more to help AILU make contact 
with end users and I wish Dave every 
success in this endeavour.

Mike Green

ASSOCIATION NEWS
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AILU Prize 
Best Student Manuscript

PRECIS

Nano-hardness and microstructure of 
selective laser melted AlSi10Mg scan 
tracks 

Nesma T. Aboulkhair, Ian Maskery, 
Chris Tuck, Ian Ashcroft, Nicola M. Everitt
Faculty of Engineering, University of Nottingham, 
Nottingham NG7 2RD 

Selective laser melting is an additive 
manufacturing processes for produc-
ing parts from powder. In the process, 
a laser beam scans a powder-bed to 
selectively melt the powder according to 
information from a sliced CAD-file. This is 
repeated successively layer-by-layer until 
the full part is manufactured. AlSi10Mg is 
one such powder in common use.

Selective laser melting (SLM) of alumin-
ium alloys faces more challenges than 
other ongoing alloys such as stainless 
steels and titanium alloys because of the 
material’s properties. It is important to 
study single scan tracks if high density 
large parts are to be made since they are 
the primary building blocks.  

This study investigates the features of 
AlSi10Mg laser scan tracks. The surface 
features and cross-sectional views of 
scan tracks were examined over a range 
of processing parameters to determine 

CIRP Prize
Best ILAS 2015 Manuscript

PRECIS

The effect of laser pulse duration and 
beam shape on the selective removal 
of novel thin film layers for flexible 
electronic devices

Colin Moorhousea, D. M. Karnakisa, 
C. Kapnopoulosb, A. Laskarakisb, 
S. Logothetidisb, G. Antonopoulosc, 
E. Mekeridisc

aOxford Lasers, Didcot, OX11 7HP, U.K., 
bAristotle Univ. of Thessaloniki, Greece, 
cOrganiElectronic Technologies, Greece,

Lightweight, flexible substrates coated 
with thin film layers <0.5 μm thick are 
commonly utilised to reduce the device 
size, weight, power consumption and 
material cost of modern electronic 
devices. This paper investigated the 
influence of the laser pulse duration, 
wavelength and spatial intensity beam 
profile on laser scribing of a number of 
thin film layers commonly used for elec-
tronic devices. 

Results show that ultrafast lasers are 
particularly advantageous for thermally 
sensitive, thin film layers if the laser 
wavelength can be chosen to maximise 
optical absorption of the thin film layer. 
For Organic PhotoVoltaic (OPV) devices, 
increases in solar energy conversion 
efficiency are expected to be gained 
by optimisation of laser scribing. This 
process know-how has allowed ultrafast 
laser patterning to be incorporated into 
organic photovoltaic devices with initial 
tests showing conversion efficiencies 
of 0.66% for large area (greater than 
>1cm2) OPV devices.

CIRP prize for Best ILAS Manuscript
AILU was delighted that the International 
Academy for Production Engineering 
(CIRP) supported ILAS 2015 by offering 
a prize of £100 for the best submission 
at ILAS, which was judged on the basis 
of the content and relevance to industrial 
need of the submitted manuscripts. The 
winners were Colin Moorhouse et. al. 
for their paper "The effect of laser pulse 
duration and beam shape on the selec-
tive removal of novel thin film layers for 
flexible electronic devices", a presis of 
which follows.

The prize was judged by CIRP members 
Professor Lin Li (Fellow) and Dr Adam 
Clare on the content of the manuscript 
and its relevance to industrial need. 

"My co-authors and I would like to thank 
the organisers for choosing our paper 
for the CIRP prize for best manuscript," 
said Colin.

"This reward was much appreciated at 
Oxford Lasers, since it was clear from 
attending ILAS2015 that the standard 
of the presentations was high. Oxford 
Lasers are focused on supplying practi-
cal solutions for leading edge research, 
which makes us pleased and grateful to 
receive this prize. Furthermore, we look 
forward in anticipation to participating in 
ILAS2017," he added.

Colin Moorhouse (right) and co-author Dimitris 
Karnakis with an Oxford Lasers C-Series machine

ILAS Best Student Manuscript winner 
The winner of 
the ILAS 2015 
best student 
manuscript 
was Nesma 
Aboulkhair of 
the University 
of Nottingham 
for her paper 
'Nano-hardness 
and microstruc-
ture of selective 
laser melted 
AlSi10Mg scan 
tracks'. 

The prize, a 
cheque for £50 
and a certificate, 
was judged on 
the content of the manuscript and its 
relevance to industrial need. 

On receiving the Prize Nesma said 
“I was so happy to receive this prize 
acknowledging the quality of my work. 
Its timing was really perfect to motivate 
me and boost my confidence whilst I 
complete the last year of my PhD”.

Nesma Aboulkhair at 
Nottingham University with 
her certificate

whether any defects were formed. The 
distribution of chemical elements within 
the melt pool was explored and related 
to the nano-hardness profile across the 
selective laser melted material. In addi-
tion, the issue of whether pores form 
in each individual melt pool (thereby 
increasing surface roughness, was 
investigated). 

The study found that depths and 
widths of the created scan tracks 
indicate that keyhole-mode melting 
dominates the melting and solidifica-
tion process. This introduces the pos-
sibility of instabilities that might lead 
to porosity formation. However, pores 
were not observed in any of the tracks 
produced in this study. Rapid cooling 
and solidification in the process yielded 
a fine microstructure with good disper-
sion of the alloying elements within the 
base metal. This characteristically fine 
microstructure caused the selective 
laser melted material to show higher 
average nano-hardness compared to 
the as-cast material, with the latter also 
demonstrating variation in hardness 
dependant on the indented phase.

ASSOCIATION NEWS
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Full details of all news items here, plus additional news items that missed the cut, can be found on the AILU web site

BUSINESS

Expansion and sales growth

BOFA gears up for growth
BOFA International, provider of fume 
extraction solutions for all types of 
manufacturing processes, is gearing up 
for more growth with the expansion of 
the BOFA Americas’ sales team. Two 
senior sales professionals have joined 
the Illinois-based team, offering sales 
and service support for BOFA custom-
ers throughout the Americas. Additional 
global sales and technical support is 
provided from BOFA International’s UK 
head office base and main manufactur-
ing facility, employing over 160 people.

Contact: Susannah Wright 
E: info@bofa.co.uk 
W: www.bofa.co.uk

Increase in sales for Concept Laser
Concept Laser sales rose by 75% in 
2014 with sales figures reaching the 
three-digit range for the first time. 
Concept Laser, as an owner-operated 
medium-sized 
additive manufac-
turing business, is 
relying on organic 
growth. “We invest 
nearly 10% of 
our sales revenue 
directly in research 
and development,” 
says Frank Herzog, 
President and CEO 
of Concept Laser.

Contact: Tim Millard 
E: t.millard@estechnology.co.uk 
W: www.estechnology.co.uk

Concept Laser 
President & CEO  
Frank Herzog

Hutchinson expands into GB
With over 40 years experience, SJC 
Hutchinson Engineering, a manufactur-
ing and engineering company based in 
Kilrea, County Derry, Northern Ireland 
and a member of the AILU job shop 
group, is opening of a new office in 
Birmingham. This recent step comes 
on the back of several years of working 
closely with and supplying GB compa-
nies.

It is hoped that with the opening of 
the new Birmingham office space, 
Hutchinson Engineering can offer their 
40 plus years of experience and innova-
tive new technology to the Midlands and 
London, whilst looking forward to further 
expansion in the future.

Contact: Mark Hutchinson 
E: mark@hutchinson-engineering.co.uk 
W: www.hutchinson-engineering.co.uk

Management purchase of Purex
Purex International Ltd has been pur-
chased from its parent company, 
Domino Printing Sciences in a success-
ful deal headed by Trefor Jones and 
Andy Easey. 

This will bring 
about changes 
which will deliver 
some real bene-
fits to customers 
and open many 
new markets and 
new potential 
business for the 
company.

Trefor Jones, the 
new Managing 
Director of Purex 
said "We are 
excited by the opportunity to focus the 
business on developing new markets 
and applications and our plans include 
further investment in new products."  

Contact: Jon Young 
E: jon.young@purex.co.uk 
W: www.purex.co.uk

Successful year for Oxford Lasers
2014 has been Oxford Lasers' most suc-
cessful year to date. Included among the 
company’s customers are some of the 
world’s largest hi-tech companies.

The sales growth has come in all three 
major business areas: subcontract laser 
micro-machining; laser micro-machining 
tools and high speed imaging. In order 
to support this expansion, new staff 
have been recruited and the company’s 
management is being strengthened in 
line with this business growth.

Contact: Martyn Knowles 
E: contact@oxfordlasers.com 
W: www.oxfordlasers.com

Acquisitions and buy-outs
Newport Corporation acquisition 
Newport Corporation has entered into an 
agreement to acquire FEMTOLASERS 
Produktions GmbH,a leading developer 
and manufacturer of ultrafast laser sys-
tems used extensively in scientific and 
biomedical research applications. 

“This acquisition will extend our industry 
leadership in ultrafast lasers,” said David 
Allen, Senior Vice President of Newport’s 
Spectra-Physics Lasers Group.

Contact: Jon Richardson  
E: jon.richardson@newport.com   
W: www.newport.com

SPI acquires JK Lasers 

The laser manufacturer SPI Lasers, 
a member of the Trumpf Group, has 
acquired JK Lasers with effect from April 
15, 2015. With almost 100 employees 
and annual sales of 17.6 million euros, 
JK Lasers is one of the world's leading 
manufacturers of high-power fibre lasers 
for industrial use.

JK Lasers, until now a member of the 
GSI Group, has more than 40 years 
of experience in laser development. 
The company's core competence is in 
fibre lasers with outputs from 100 W to 
4 kW, as well as combiners for joining 
laser sources and other beam guidance 
components. The most important target 
groups of JK Lasers include machine 
manufacturers for laser cutting applica-
tions and for additive manufacturing. 

SPI Lasers CEO Dr Christian Schmitz 
stated “We are very excited about the 
prospects ahead as we blend the con-
siderable talents and technology of SPI 
Lasers and JK Lasers. Our focus of 
course remains on putting our custom-
ers at the heart of everything we do, 
producing high quality, reliable and flex-
ible lasers designed to suit their needs.” 

Contact: Gerry Jones 
E: g.jones@uk.trumpf.com 
W: www.trumpf.com

Contact: Jack Gabzdyl 
E: jack.gabzdyl@spilasers.com 
W: www.spilasers.com

Compact femtosecond lasers
Amplitude Systèmes producers of ultra-
fast industrial lasers, are pleased to 
announce the Satsuma HP3. 

The Satsuma 
provides 50 
W average 
power for 
high precision 
and quality 
processes. 
Offering the highest average power on 
the femtosecond laser market, this plat-
form meets the throughput demands of 
current industrial markets. 

Contact: Vincent Rouffiange 
E: vrouffiange@amplitude-systemes.com 
W: www.amplitude-systemes.com

Sources

Trefor Jones (Managing 
Director, left), Andy Easey 
(Production Director)
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SOURCES AND OPTICS

3rd generation fibre lasers from Rofin 
The Rofin Macro Group has developed 
fibre laser 
technology 
to launch the 
3rd generation 
of its Rofin 
FL Series. By 
integrating 
more power-
ful pumping 
modules and 
an advanced optical unit, Rofin is now 
capable of generating 2 kW of laser 
power from just one fibre laser unit 
and in doing so sets new technological 
standards. These latest generation fibre 
lasers are more efficient and more com-
pact than ever before, featuring extreme-
ly compact lasers with a fixed 50 μm or 
100 μm output fibre for easy integration 
in existing systems, for example cutting 
systems. 
Contact: Gavin Markillie 
E: gavinm@rofin-uk.com 
W: www.rofin-uk.com

Rofin introduces StarFemto
Ultrashort pulse (USP) laser sources 
offer revolutionary precision in laser 
micro and sub-micro processing in the 
μm and sub-μm range. ‘Cold’ material 
processing with USP lasers is the door 
opener to new applications. However, 
short pulse widths are only one part 
of the story for industrial manufactur-
ing processes which focus on cost of 
ownership, maximum productivity and 
production yield. 

Like every 
other pro-
duction tool, 
ultrashort 
pulse lasers 
have to pro-
vide high 
quality results with maximum reliability. 
The StarFemto achieves excellent results 
in high-precision cutting, surface struc-
turing, drilling and marking of almost 
any kind of material without any thermal 
damage. 

Contact: Andy May 
E: a.may@rofin-baasel.co.uk 
W: www.rofin.co.ukNews from Laser Physics

Laser Physics represent CNI solid state 
lasers
Laser Physics now offer a range of 
solid state lasers from manufac-
turer Changchun New Industries 
Optoelectronics (CNI). CNI, founded in 
1996, is the largest manufacturer and 
supplier of diode pumped all-solid-
state lasers in China. The range of CW, 
modulated and Q-switched solid state 
laser options cover a wide range of 
wavelengths, including; UV, visible and 
Infrared.  

QCL driver available as benchtop
Wavelength 
Product's 
QLC driver 
features the 
lowest cur-
rent noise 
density of 
drivers cur-
rently commercially available. They ena-
ble lower detection thresholds in gas, 
liquid, and material sensing systems, 
with a proven track record of up to an 
order of magnitude. The driver is perfect 
for lasers that require a high-precision 
and ultra-low noise current source to 
measure concentrations lower than ever 
before. 

Contact: Siwan Smith 
E: siwan@laserphysics.co.uk 
W: www.laserphysics.co.uk

New industrial picosecond laser 
The RAPID NX from Coherent is the first 
member of a newly developed platform 
designed to deliver all the benefits of 
ultrafast laser materials processing at a 
lower price point than previously avail-
able. 

The first 
RAPID NX 
offers 6W 
of average 
power at 
1064 nm 
and a 
pulsewidth 
of <15 ps. Pulse energy is adjustable 
up to 50 μJ, and repetition rate can be 
varied over a wide range: from 50 kHz to 
1 MHz. This makes RAPID NX an ideal 
source for diverse precision applications, 
including high value marking, surface 
structuring for friction reduction, pho-
tovoltaics manufacturing, LED dicing, 
thin film applications, and many more 
micromachining tasks.

Contact: Petra Wallenta 
E: Petra.Wallenta@coherent.com 
W: www.coherent.com

Optics
Coated vs uncoated copper mirrors
Laser Beam Products (LBP) had an 
opportunity to compare the performance 
of their gold-coated copper and uncoat-
ed copper mirrors when a customer sent 
them large water-cooled mirrors from 
his 6kW CO2 laser to re-manufacture. 
A combination of workplace environ-
ment and handling had dulled and cor-
roded the bare copper mirror surfaces. 
By comparison a gold-coated mirror, 
from exactly the same laser, had barely 
changed its appearance or performance. 

Moisture reacts with exposed copper to 
cause pitting and staining, even through 
pinholes in dielectric coating like this 
example. Exposed copper on mirrors 
corrodes, even in storage, due mainly to 
moisture in the air.
Contact: Mark Wilkinson 
E: sales@lbp.co.uk 
W: www.lbp.co.uk

Gold coated copper (left) and uncoated copper

Plano-convex lenses for ultrafast lasers
Newport 
Corporation 
has introduced 
a new series 
of AR coated 
fused silica 
lenses specifi-
cally designed 
to meet the 
demanding requirements of ultrafast 
laser applications. The UV grade fused 
silica precision plano-convex lenses are 
polished to tight tolerances to ensure 
minimum wavefront distortion and then 
coated with an antireflection coating 
optimised for broadband ultrafast laser 
wavelengths. The extreme purity of 
the fused silica eliminates microscopic 
defects that could lead to laser damage 
in high-energy applications. Tight sur-
face quality tolerances minimise scatter 
and unwanted diffraction effects. 

Newport’s new AR-coated lenses are 
available in 12.7 and 25.4 mm diame-
ters. The anti-reflection coating provides 
transmission specifications of >98% 
from 660-1380 nm and >95% from 640-
1500 nm per surface.

Contact: Jon Richardson 
E: jon.richardson@newport.com 
W: www.newport.com
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OPTICS

The magnitude and quality of a laser’s 
output depends on its beam source 
and optics. As components that help 
a system reach its best performance, 
optics are necessary elements across 
all types of laser systems; however, 
there are important differences in the 
specifications and materials of the optics 
depending on laser type and application.

Importance of laser system optics
Optical components across various 
laser systems perform similar roles. 
The mirrors or output couplers located 
inside the laser resonator are respon-
sible for generating and amplifying the 
beam. Beam delivery optics located 
outside of the cavity ensure the precise 
delivery of a beam onto a workpiece, 
such as sheet metal, and typically 
comprise mirrors, beam expanders and 
focusing lenses.

CO2 laser optics vs. fibre laser optics 
Although they may function similarly 
within a system, laser optics will differ in 
material and coating depending on the 
laser source output. Due to differences 
in wavelengths at which CO2 and fibre 
lasers operate, optics in each system 
have unique characteristics: CO2 lasers 
operate at a range of wavelengths in the 
9 - 11 micron range, most strongly at 
10.6 microns, a wavelength in the far-
infrared (FIR) region.  By contrast, most 
fibre lasers operate in the near-infrared 
(NIR) region, at a wavelength of approxi-
mately 1 micron, a factor of ten times 
shorter than that of the CO2 laser.

Due to their very different operating 
wavelengths, one of the biggest factors 
differentiating optics in a CO2 laser from  
those in a fibre laser is the material from 
which they are fabricated. In order to 
achieve high transparency at the laser 
wavelength for lenses and windows, the 
substrates for CO2 laser optics are typi-
cally of zinc selenide (ZnSe), germanium 
(Ge), galium arsenide (GaAs) or silicon 
(Si). By contrast, optics for fibre lasers 
are made from optical-grade glass 
materials such as BK7 and fused silica, 
which transmit at a wide range of wave-
lengths from 0.4 to 2 micron. One easy 
way to visually distinguish CO2 and fibre 
laser optics is by their colour – CO2 
laser optics typically appear yellow or 
metallic while fibre laser optics are clear 
(see figure 1).

In general, one can expect CO2 laser 
optics to be more expensive than fibre 

laser optics, primarily because infrared 
technology is more specialised and 
suitable material is produced in smaller 
quantities as compared to optical-grade 
glass, which is mass produced. This 
price differentiation also applies to the 
optical coatings of CO2 laser optics and 
fibre laser optics.

Factors that determine damage, wear, 
and replacement of optics
In both CO2 and fibre laser systems, 
resonator optics will typically need to be 
replaced more often than beam deliv-
ery optics, primarily because they are 
exposed to a much higher irradiance. In 
the case of a CO2 laser system the laser 
resonator contains a high voltage elec-
trical discharge in a low pressure gas. 
The combination of pressure, ultraviolet 
radiation and electrical discharge can 
quickly degrade an optic's performance. 
High levels of optical radiation within 
the fibre of a fibre laser system may 
also give rise to damage, but to a much 
lower degree.

Ideally, transmitting optics (including 
focusing lenses) should have close 
to 100% transmission and minimum 
absorption. Absorption losses in the 
optic can cause the optic to distort, to 
burn or be otherwise damaged by the 
passage of laser radiation.

Typically the absorption in transmit-
ting optics is higher at the far-infrared 
wavelength of a CO2 laser than at the 
near-infrared wavelength of a fibre laser 
For example, a ZnSe focusing lens with 
an anti-reflection (AR) coating will have 
a higher absorption rate than a BK7 
lens with a silica coating; this difference 
is due to the relatively high intrinsic 
absorption ZnSe material and within 
the anti-reflection coating. This higher 
absorption contributes to the replace-
ment rate for CO2 optics being higher 
than for fibre laser optics.

Because of this, it is particularly impor-
tant for CO2 optics to have the high-
est grade material with an optimised 
coating so that the absorption of laser 
radiation is minimised, resulting in better 
optic performing and a longer life span 
within the laser system. 

A focusing process lens, being the 
closest optic to the workpiece, is most 
exposed and prone to contamination 
from a number of environmental factors, 
but in particular to “splatter” from the 
workpiece or other. Regular cleaning 

and eventual replacement must there-
fore be considered. 

To minimise the need for replacement 
it is common practice to protect the 
focusing lens with a ZnSe window, 
which is easier to make than a ZnSe 
focusing lens and requires less mate-
rial, so it is much less expensive. In the 
case of a fibre laser, a protective silica 
slide can be used; it is by far the most 
replaced optical component in a fibre 
laser system - a low cost cover slide of 
the type commonly used with micro-
scopes.

Regardless of laser type, high quality 
optics and coatings are essential for 
maximising the effectiveness of any sys-
tem and for reliable peak performance 
– increased power delivery, focusing 
ability, and overall efficiency – for any 
given application. 

Authors Ashot Gyulamiryan, Steve Hahn and 
Rachel Pagliarini are with Rocky Mountain 
Instrument Co (RMI), Optics, 106 Laser Drive, 
Lafayette, CO 80026, USA

Contact: Linda Klicker 
E: lklicker@rmico.com 
W: www.rmico.com

Figure 1 (top). An array of CO2 laser optics 
made from materials such as ZnSe, Ge, GaAs, 
and Si.

Figure 1 (bottom). An array of fibre laser optics 
made from clear materials such as BK7, fused 
silica, and various optical glass.

The importance of good quality laser optics
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Precitec's latest generation of cutting 
heads include the compact "ProCutter", 
which has been developed specifically 
for laser-based fusion cutting of thin 
and medium material thicknesses in 
the 1 μm wavelength range. Features 
include an integrated sensor system and 
three different designs and individual 
configuration options. 

The ProCutter cutting head is available 
as a straight or offset version. In addition, 
users can choose between the ProCutter 
version with motorised focal position 
adjustment or the manual version. 

The ProCutter Zoom version offers inde-
pendently variable focal position and 
focal diameter for those who want to cut 
a broad range of sheet thicknesses. 

Precitec also offers the CutMonitor ver-
sion, which allows users to monitor the 
piercing process and then start the cut-
ting process precisely when the material 
has been completely penetrated. In this 
way cut interruptions are clearly detect-
ed and permit controlled fault manage-
ment. 

Efficient, controlled cutting operation
The ProCutter can handle laser powers 
of up to 6 kW and accelerations of up 

to 4.5 g. The motorised focal position 
adjustment allows a high degree of auto-
mation. At the same time, the integrated 
distance sensors ensure accurate and 
drift-free distance measurements even 
at high accelerations and at all operating 
temperatures. The robust and dust-tight 
housing promotes a long service life. 

Sensor systems and safety equipment
The ProCutter machining head is pro-
vided with comprehensive protection 
and control elements. The beam path, 
for example, is protected completely 
dust and pressure tight by protective 
windows. Temperature and diffused light 
sensors check the state of the entire cut-
ting head, as well as the condition of the 
individual components. Pressure is auto-
matically monitored in the cutting gas 
nozzle area and also in the head. This 
allows leaks, such as after a safety glass 
change, to be registered and resolved 
without delay. All relevant operating 
states, including pressure, temperature, 
drive and contamination, are shown by 
the ProCutter via a LED display on the 
outside of its housing. 

Decentralised control via Bluetooth
Via an integrated Bluetooth interface, 
the current system state of the Precitec 

ProCutter can be controlled remotely 
using a smartphone or tablet and the 
state of the cutting head displayed. 
Sensor values can be read off or thresh-
old values can be set. In this way, users 
are able to detect early possible fault 
sources remotely in good time and take 
appropriate action. 

Contact: John Cocker 
E: johnc@lasertrader.co.uk 
W: www.lasertrader.co.uk

BEAM DELIVERY

Laser Mech show new FiberSCANTM

Laser Mechanisms new FiberSCANTM 
option, showcased at this year's 
Photonics West, can deliver up 1 kW 
of laser power to any point within the 
system's field of view. This galvo-based 
solution provides both high speed and 
accuracy in a compact, easy-to-control 
package.

President Mark Taggart said "Over the 
past few years we've transformed into a 
full spectrum laser solutions provider." 

Contact: Arvi Ramaswami 
E: sales@lasermech.be 
W: www.lasermech.com

Fast, thrifty, head-smart marking
SCANLAB's new basiCube 10 scan 
head is specifically optimised to meet 
classic laser-marking requirements. 

The scan head is around 15% smaller 
than the SCANcube 10. Users gain a 
very-high-speed scan system tailored to 
their requirements, with a 10-mm aper-
ture and laser-marking-optimised tuning. 
Moreover, basiCube possesses a solid 
price/performance ratio. These advan-
tages and high dynamic performance 
add up to superior cost-effectiveness 
for equipment integrators and top laser-
marking productivity for users.

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

Optional nozzle changer for laser cut-
ting systems
LVD Company nv now offers an optional 
nozzle changer for its Impuls 6020 CO2 
laser cutting systems.

Featuring storage for 10 nozzles, the 
option brings greater autonomy, reduces 
piercing times and increases overall 
throughput on large table capacity laser 
systems. As materials and thickness 
change throughout the production day, 
the machine will select the right nozzle 
for each and every job.

Contact: Chris Phillips 
E: c.phillips@lvduk.com 
W: wwwllvdgroup.com

New flexible laser cutting head from Precitec
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Laser Physics improved interferometer
4D 
Technology 
has intro-
duced its 
improved 
AccuFiz com-
pact laser 
interferometer 
for use in pro-
duction envi-
ronments as well as in metrology labs.

New features include long-range wire-
less remote control, motorised tip-tilt 
and a variable sensitivity alignment sys-
tem. The new Surface Isolation Source 
option adds a second, external laser 
source to measure plane parallel optical 
surfaces, without the need for messy 
coatings or back-surface treatments to 
eliminate unwanted reflections. The full 
AccuFiz product line offers wavelengths 
from 355 nm to 10.6 μm, apertures from 
33 to 800 mm and horizontal and verti-
cal mounting configurations, providing 
the right options for a wide range of 
applications and budgets.

Contact: Siwan Smith 
E: siwan@laserphysics.co.uk 
W: www.laserphysics.co.uk

Newport adds USB communication to 
handheld laser power meter
Newport Corporation has introduced 
the 843-R-USB handheld optical power 
meter. The new power meter has the 
same performance and specifications 
as its popular 843-R with the addition of 
USB communication to PC. 

With the included PMManager™ appli-
cation software the 843-R-USB will turn 
any PC into a full optical power meter 
workstation for laser power analysis.

Contact: Jon Richardson 
E: jon.richardson@newport.com 
W: www.newport.com

Hamamatsu’s micro-spectrometer 
wins 2015 Prism Awards
Hamamatsu Photonics was among the 
2015 Prism Awards winners at Photonics 
West 2015 in San Francisco, California, 
USA. The company’s micro-spectrom-
eter received the award for Photonics 
Innovation in the detectors and sensors 
category. 

The UV-Visible spectrometer is about 
the size of a fingertip, so it can be easily 
integrated into instruments or connected 
to mobile devices. In addition, the her-
metically sealed case of the micro-spec-
trometer is resistant to humidity, making 
it usable in high-humidity environments 
that traditional spectrometers do not tol-
erate well.

Contact; Maria Fetta 
E: maria.fetta@hamamatsu.co.uk 
W: www.hamamatsu.com
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MEASUREMENT

In most laser applications the beam 
profile of the laser provides essential 
information for its most efficient use; yet 
it is often wrongly assumed that if the 
raw beam profile is good then the profile 
at the beam focus is also good. Work at 
Haas LTI has shown that by monitoring 
all the laser beams parameters including 
spatial profile, circularity, centroid, astig-
matism and M-squared values as well 
as the beam profile, provides an early 
warning of aberrations developing in 
the raw beam and/or introduced by the 
beamline optics, potentially allowing for 
correction in real time. 
Traditionally, laser burn paper, diffus-
ing plates, or fluorescent plates have 
been utilised for beam characterisation 
from the UV to near infrared and acryl-
ics have been used for this purpose 
for far infrared CO2 laser output. These 
methods, albeit inexpensive and easy to 
use, can provide only crude qualitative 
evaluation of a laser system. Advances 
using digital camera technology and the 
subsequent advent of beam profiling 
devices to measure the raw, unfocused 
laser beams provides quantitative spa-
tial information but not the wavefront 
distortion data essential for aberration 
diagnosis. 
A laser system typically comprises a 
laser, one or more mirrors to direct the 
beam and a focusing lens. Often there 
are also beam expansion telescopes and 
other beam shaping or altering compo-
nents, such as galvos between the laser 
and the final focusing lens. The introduc-
tion of these optical elements can also 
significantly influence the wavefront and 
therefore how well the system will focus 
and therefore function. Thus, traditional 
spatial raw beam measurement which 
will not effectively detect aberration 
and can’t be used to diagnose or high-
light the potential source of aberrations 
caused by optics, leading to excess time 
spent in system set up and potential 
inefficiencies. 
Work presented by Haas LTI demon-
strates that beam monitoring through 
more than one Rayleigh range at the 
focus of the laser system’s lens is 
essential for aberration diagnosis, laser 
system optimisation, and long term per-
formance reliability/stability. These aber-
rations typical include: 

• Astigmatism – typically due to 
angled wavefront (tilted optic or 
angled beam)

• Coma – typically due to decentred 
or off axis beam

• Spherical - Wrong type, poor design 
or over filled optics.

In work presented at ILAS [1], three 
different green beam lasers (Edmund 
Optics model 84-927) were character-
ised as they passed through an opti-
cal system. Each laser had a nominal 
specification of TEM 00, an output beam 
diameter < 1.0 mm and a power ~ 3.0 
mW. The optical system comprised 
a standard Haas Laser Technologies 
beam delivery system (made up of two 
beam bending mirrors, a Haas LTI 3X 
Galilean beam expansion telescope 
(plano-concave and plano-convex con-
figuration) and a simple focus head with 
an Edmund Optics 48-280 fused silica 
plano-convex lens with an effective focal 
length at 532 nm of 199.0 mm.

A base line evaluation of the beam was 
made at the location of the focusing 
lens using the Haas LTI BA-CAM. Beam 
diameter measurements were made 
using the second moment method. 
These initial results showed that the 
lasers inherently have some astigma-
tism due possibly to some misalignment 
of the anamorphic collimation lens, 
However, reasonable good M2 values of 
<1.2 were obtained.

Introducing the two beam bending mir-
rors and a path length of 670 mm and 
then re-characterising the beam with the 
BWA and the simple focusing lens high-
lighted additional aberrations, most likely 
caused from clipping of the beam in the 
output aperture of the laser’s collimator. 
Over this extra distance the three lasers 
also showed a slight beam convergence 
which suggests that the collimation lens 
in each laser was not adjusted optimally. 
This finding highlights the importance of 
full diagnosis of the laser in its system 
configuration for process optimisation.   

The 3X beam expansion telescope was 
then introduced into the optical path, 
making alignment more sensitive than 
previously. The initial alignment through 
this telescope was done with traditional 
alignment techniques. Diagnosis of the 
astigmatism after this alignment showed 
a 3 fold increase with no significant 
increase in M2. The laser telescope sys-
tem was then aligned using a precise 
cross hair fixture. Full diagnoses after 
this showed that the astigmatism had 
been brought back into line with the 
original results. 

Because the BWA-CAM enables the 
astigmatism to be monitored in real time, 
the adjustments of the mirrors could be 
undertaken using the BWA-CAM data 
as feedback. This gave an improve-
ment in the astigmatism by a factor of 
2 compared to the base starting point, 
highlighting the needs not only for M2 
measurements but complete real time 
laser aberration diagnose for optimisa-
tion and beam correction.
Other work by Haas LTI has showed 
that these errors scale with wavelength. 
Alignment methods commonly used 
with CO2 lasers (10.6 μm) are 10 times 
less sensitive than 1.0 μm lasers and 
therefore a 355 nm laser system will be 
nearly 30 times more sensitive to opti-
cal alignment. Making the real time full 
diagnose of UV laser systems a prereq-
uisite to obtaining a usable system on a 
responsible time scale and essential for 
an optimised/stable system. 
With high power laser systems there is 
the extra problem of heat generation. 
Real time beam diagnosis of the focal 
position allows a feedback loop to be 
introduced to compensate for thermal 
lensing and other thermal drifts that may 
occur. The compact nature of the Haas 
BWA-MON also enables diagnoses of 
issues at various points along the optical 
train for more rapid determination of the 
source of error.
[1] 'Compact beam waist analysis system' 
Michael Scaggs1, Gilbert Haas1 , Rob Roach2

1. Haas Laser Technologies, Inc,  
37 Ironia Road, Flanders, NJ 07836 USA
2 Armstrong Optical, 31 Caxton House, 
Northampton NN3 6LG

Contact: Rob Roach 
 rjr@armstrongoptical.co.uk

Compact in line beam waist analysis monitor and alignment system
The BWA-MON 
measures the 
focused beam 
waist of a laser 
beam without 
moving parts 
when used in 
conjunction 
BWA-CAM, 
allowing 
real time 
measurement 
of a laser 
beam's 
M-squared 
value.

The BWA-
MON can be 
configured 
for most 
applications 
and laser 
wavelengths.

BWA-CAM

Workpiece

BA-CAM

Laser

The Beam Waist 
Analyser MONitor 
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SAFETY

By far the most popular format for laser 
safety eyewear over the last 20 years 
use dyed plastic filters. The main driver 
has been the relatively low filter cost 
but they also offer low weight and good 
resilience in the event that they are 
dropped. The downside is that the visible 
transmission can be poor, with strong 
colour filtering due to the characteristic 
broad-band absorption of the dyes used. 
Under some lighting conditions good 
colour balance can be important, and 
for higher power laser applications laser 
damage to dye-impregnated plastics 
needs to be considered carefully. 

Traditional glass filter lenses such as 
those by Schott & Hoya still have the 
upper-hand in terms of general colour 
balance, transmission and power han-
dling especially for standard infrared 
lasers. However, heavy eyewear can be 
a significant safety consideration if it is 
to be worn for long period of time.

The ideal solution is to provide reflec-
tive laser-blocking coatings on plastic 
substrates, providing lower weight filters 
along with higher optical performance 
in terms of transmission and colour bal-
ance. Another important advantage of 

this coating technology is that it can be 
supplied on prescription plastic lenses 
so that spectacle users no longer have 
to wear over-glasses. This reduces prob-
lems with ghost images from multiple 
internal reflections and lens aberrations 
and so improves visual clarity during 
critical operations. 

Brinell Vision has developed a laser 
coated plastic lens that surpasses 
standard thermal shock, abrasion tests 
and long term environmental exposure. 
The lens format is already being utilised 
in other critical applications such as 
pilot protection from laser strikes. The 
solution has been made by stripping the 
production steps right back, starting with 
the careful selection of the plastic pellets 
used in the lens moulding process, the 
use of advanced lens surface treatments 
and the development of proprietary coat-
ing materials and deposition methods.

The Brinell laser lens is moulded and 
treated using a blend of specifically cho-
sen materials to provide the capability to 
accept large stacks of dense dielectric 
thin films. Key to the deposition technol-
ogy is the use of high energy plasma 
deposition and a custom designed 

advanced computer controlled tool-
ing system which allows optical layers 
to be deposited onto curved surfaces 
with nanometre accuracy. The deposi-
tion parameters ensure minimum stress 
while effectively hardening the surface of 
the plastic. It is now possible to create 
plastic lenses with narrow notch filters 
in the visible for blue and green lasers 
using over 100 individual optical layers 
to create deep blocking capabilities. 
This development is a significant move 
forward as the product combines the 
advantage of low weight plastic with the 
optical properties of high grade glass 
laser filters.

Contact: Adam Brierley 
E: adam.brierley@brinellvision.com 
W: www.brinellvision.com

Custom designed prescription eyewear for 
blocking green and NIR lasers. 

Advances in lightweight laser safety eyewear
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Regardless of size, location or type, 
there are only two sounds that resonate 
from a manufacturer’s shop floor: the 
sound of making money and the sound 
of spending money. It goes without 
saying that investments in equipment, 
material, supplies and manpower are 
most quickly recouped when costly 
cutting machines are noisily slicing or 
punching metal at full capacity. 

Conversely, nothing drains capital from 
a manufacturing organisation faster 
than the deafening sound of silence. 
When these machines are down, it’s not 
only money being spent correcting the 
mechanical problem. Money is also left 
on the table because of missed deliv-
ery schedules, cost over-runs, and lost 
opportunities to use that same time on 
the machines.

Machine crashes are costly
One increasingly significant problem 
stems from a fabricators' quest for 
speed, resulting in a cutting head col-
liding with a part or island scrap on the 
cutting table that has shifted during the 
run and now protrude above the plane 
higher of the plate/sheet being cut. 

When the cutting sequence takes the 
head into the vicinity of a previous cut, 
there is always the chance of such a 
collision; and when a crash between 
machine and material occurs, the dam-
age to the head is often serious and 
sometimes fatal. Laser head replace-
ment is not a trivial expense. Likewise, 
machine time and man hours lost rec-
alibrating or replacing a damaged head 
are significant and non-recoupable.

Rising cost of unplanned stoppage
Because machines are very expensive 
and their throughput is higher than ever, 
it follows that every minute of machine 
time is worth more to your business 
that it used to do. Therefore, every 
minute the machine is not cutting, or 
not cutting correctly, is costing you 
more money than ever before.

By definition, no profit is realised until 
all costs are covered. Looking at a 
typical day, a fabricating company has 
X number of hours to make a profit. 
Obviously, the moment when the com-
pany begins making money does not 
come at the beginning of the day. For a 
typical eight-hour shift for example the 
transition moment from cost to profit 
most likely occurs during the final cou-

ple of hours. Any downtime shortens 
the work day and shrinks the window 
on profitability.

Software’s the solution
Today, sophisticated software can safely 
squeeze every bit of speed from cutting 
machines. Moreover, issues associated 
with crashes can be anticipated and 
avoided. A good manufacturing soft-
ware program should feature Intelligent 
sequencing, which involves process-
ing the parts, and the features of each 
part, in a sensible order. This protects 
the machine, as well as maintaining 
part quality and efficiency. Software 
should also handle threat detection 
and avoidance of previously processed 
areas that pose a hazard. The software 
needs the ability to recognise areas 
of danger, such as tipped up parts or 
floating scrap. Considering the risk of a 
stoppage, it is often faster to go around 
such an area than to cross over it.

Slow down to go faster
It is parts that have a width less than the 
gap between three table slats are most 
likely to tip up: These parts are prob-
ably less than 300 mm in either X or Y 
for most machines. So, for example, a 
300-by-300 mm part will be 424 mm 
on the diagonal; for a modern machine 
that can position at speeds in excess of 
a metre per second it would take 0.424 
s at 1 m/s, whereas to go around this 
part and avoid it entirely and 0.6 s to 
avoid it completely. So a delay of liter-
ally less than a blink of an eye, 0.176 s, 
the risk of a crash can be completely 
eliminated. It follows that while it might 
be slower up front—in the end it will 
probably be faster.

The complete answer must stem from 
a fabrication software solution that 
does not compromise productivity. 
Productivity is more than just simple 
speed. For manufacturers, the road to 
profitability begins with keeping fabrica-
tion machinery running at full capacity. 
Fortunately, today’s leading fabrication 
software has kept pace with cutting 
machine advancements to maximise 
cutting productivity while leveraging 
the physical cutting capabilities of the 
equipment to its fullest.

Contact: Kevin Keane
SigmaTEK Systems 
E: kevink@sigmanest.com 
W: www.sigmanest.com

The impact of impact

SOFTWARE AND POSITIONING

Positioning

Software

LVD launches industry tablet, Touch-i4

As Industry 4.0 becomes increas-
ingly relevant to the sheet metalwork-
ing industry, LVD has responded with a 
technology that gives shop managers 
critical production information in real 
time. TOUCH-i4 is an industrial strength 
Windows-based tablet that provides 
an overview of the entire fabrication 
workshop and generates and presents 
live information needed to manage net-
worked LVD laser, punching and bending 
machines.

Contact: Chris Phillips 
E: c.phillips@lvduk.com 
W: wwwllvdgroup.com

New stages from Aerotech
Silicon carbide air-bearing stage
Aerotech has developed the PlanarHDX, 
an advanced planar air-bearing platform. 
The PlanarHDX was designed using an 
FEA-optimised silicon carbide structure 
and optimised air-bearing compensation 
techniques to provide the highest pos-
sible dynamic performance. 

Piezo nanopositioners 
Aerotech QNP-XY series pieso nanopo-
sitioning stages provide the resolution, 
linearity, repeatability, and high dynam-
ics required for the most demanding 
applications from microscopy to optics 
alignment.

Contact: Cliff Jolliffe 
E: cjolliffe@aerotech.co.uk 
W: www.aerotech.com
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Laser marking has become ubiquitous 
in our daily lives: on car dash boards, 
tools, electrical components; at the den-
tist or hospital; on cereal packets and 
mineral water bottles; and now even 
on fruit and vegetables. With today’s 
increasing regulation and product pro-
motion necessities, virtually all industries 
have some sort of traceability and iden-
tification requirements and very often it 
has to be indelible. Laser marking is the 
obvious choice and as a consequence 
the laser marking market is expanding 
and evolving rapidly.

Today we are in a new third phase of 
laser marking evolution:

Ist evolution. In the early days of laser 
marking the process was expensive and 
used by companies with demanding 
applications and large budgets. These 
laser markers were designed by, and 
for, early adopters  and were considered 
by many as elite products. Two source 
technologies emerged victorious, the 
CO2 and YAG lasers, differentiated by 
their operating wavelength and therefore 
the types of materials they could mark 
and resolutions they could achieve.

2nd evolution. CO2 laser marking began 
competing with inkjet marking whilst 
YAGs were still reserved for specific 
applications, because of their price. 
Product costs were reducing, but laser 
markers were still very much premium 
products, and required specific engi-
neering skills to specify, sell, install and 
maintain them.

3rd evolution. Laser components that 
make up a laser marking unit have 
become easier to assemble and install, 
and most are compatible with each 
other. Laser marker interfaces are more 
user-friendly; their operations are bet-
ter understood and costs have been 
reduced; all of which makes them more 
accessible to users.

Finally a word of caution; the expanding 
laser marking market includes suppliers 
that are less reliable or professional than 
others. So now, more than ever, finding 
the right balance between professional-
ism and price/capability is crucial when 
a company invests in a laser marker.

Contact: Fabrice Conq 
E: fconq@neolase.co.uk 
W: www.neolase.co.uk

AH0115A-LPM

Ph: +44 (0)1256 855055
Email: sales@aerotech.co.uk
www.aerotech.com

Dedicated to the 
Science of Motion

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

Micromachining Shouldn’t be a Giant Task

PRO and  
PRO-LM 

Series

Nmark AGV-HP Nmark CLS

Cylindrical Laser Machining Systems
• Integrated linear/ 

rotary motion platform
• Advanced control  

architecture
•  Single- or dual-spindle 

configurations

Integrated Servo/ 
Scanner Systems
• Wide range of focal lengths 

and apertures
• Industry best accuracy and 

thermal stability
• Laser firing based on real-time 

scanner/servo position

Nmark AGV-HPO

VascuLathe® DS

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

X, XY, and Z Piezo 
Nanopositioners and 
Piezo Controls
• Resolution to 0.15 nm
• Linearity to 0.007%
• Bidirectional repeatability to 1 nm
• Resonant frequencies to 1300 Hz
• Travels to 600 µm

Q-Series

AH0115A-LPM-LaserMicromachining-Piezos-126x190.indd   1 4/7/2015   10:55:10 AM

MATERIALS PROCESSING

A comment on laser marking by NeolasePrima Power launches new fibre laser

Based on the highly successful Platino® 
Fibre laser platform, the new version of 
the high powered Platino® Fibre laser is 
available in versions up to 5 kW. The new 
machine delivers piercing time reductions 
of up to 90%, near-zero lens setup times 
and cutting speeds of up to 5m/min on 
stainless steel.

For 12mm mild steel, the new Platino® 
Fibre pierces in less than one second. 
During trials, on a sample 12 mm thick 
mild steel part with 120 holes, cycle time 
reductions were around 25%. 

Contact: Paul Downs 
E: paul.downs@primapower.com 
W: www.primapower.com
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New compact tube cutting system 
Rofin’s new StarCut Tube SL combines 
maximum productivity with the smallest 
footprint on the market. 

A cast mineral 
base on the 
laser tube cut-
ting system 
enables maxi-
mum stability 
and density as 
well as opti-
mal vibration-damping. This cast mineral 
setup with no joints provides a water-
tight working chamber with an integrated 
sink. Circulating pump and filter unit are 
accommodated within the housing. 

With dimensions of 1340 mm width x 
700 mm length, including all components 
and ancillary parts, the StarCut Tube SL 
is ideal for space optimisation. 

Contact: Andy May 
E: a.may@rofin-baasel.co.uk 
W: www.rofin.com

Blueacre Technology's Quantum-Mark
Blueacre Technology, specialists in laser 
marking, have introduced the Quantum-
Mark, a CE compliant Class 1 fibre 
laser system with a pre-installed proc-
ess library 
for marking a 
wide range of 
materials (met-
als, plastics 
and anodised 
surfaces) and 
boasts a large 
180 X 180 mm 
marking field.

Blueacre provides custom built laser 
marking machines and a cost effective, 
fast turn around marking service.

Contact: David Gillen 
E: info@blueacretechnology.com 
W: www.blueacretechnology.com

EOS at dental show 
EOS presented remov-
able partial dentures at 
this year’s International 
Dental Show (IDS) 
in Cologne, March 
2015. Martin Bullemer, 
Business Development 
Manager Medical 
at EOS explains: 
"Compared to the conventional 
approaches that have been used to 
produce removable partial dentures, a 
clear competitive advantages can be 
achieved using AM. Digitally manufac-
tured partial dentures have been tested 
with pilot customers and the feedback 
has been very positive."

Digitally manufactured dental prosthe-
ses have consistent tolerances and 
quality as well as reproducible proper-
ties and at the same time are very accu-
rate, allowing a good fit. The EOS metal 
system EOSINT M 270 Dental is used 
for manufacturing of removable partial 
dentures. Applications exhibited on the 
EOS stand also included dental crowns, 
bridges and dental models.

Quality control in metal AM
EOS, specialists in high-end additive 
manufacturing (AM) solutions, and MTU 
Aero Engines are closely cooperating 
with respect to quality assurance of 
metal engine components produced 
by AM. The two companies have now 
signed a framework agreement for the 
joint strategic development of the tech-
nology. 

The first result of these joint endeavours 
is optical tomography (OT) developed by 
MTU, an ideal and powerful complement 
to the modular EOS monitoring portfolio. 
In addition to several sensors that moni-
tor general system status, the camera-
based OT technology controls the expo-
sure process and melting characteristics 
of the material at all times to ensure opti-
mum coating and exposure quality. 

Quality assurance is especially impor-
tant in the field of serial production, 
both for ensuring repeatably high 
component quality and for continually 
reducing the quality control costs of 
components made using the technol-
ogy, which ultimately serves to reduce 
unit costs. The system settings and 
process parameters are constantly 
monitored in the ongoing manufactur-
ing process in EOS systems to ensure 
that system and manufacturing process 
conditions are ideal for maximum com-
ponent quality.

Contact: Stuart Jackson 
E: stuart.jackson@eos.info 
W: www.eos.info

Laser for processing smaller tubes 
The new LT5 Lasertube from BLM 
Group is an economically priced laser 
tube cutting machine. It targets those 
companies that are looking to break into 
automated laser tube cutting of small to 
medium sized tubes. Component can be 
finish-machined, in a single-hit, on the 
same machine; this eliminates multiple 
traditional machining processes (e.g. 
sawing, deburring, drilling, punching , 
notching, milling). Reductions of 70% in 
direct labour costs and cycle times are 
not unusual. 

The 
Lasertube 
LT5 is 
equipped 
with a ver-
satile and 
advanced 
IPG fibre 
laser that 
is capable 
of process-
ing mild 
steel, as well as highly reflective materi-
als such as aluminium, stainless, cop-
per, and brass. It also delivers dramatic 
improvements in energy efficiency when 
compared to the more traditional CO2 
laser, resulting in savings of as much as 
50% in hourly operating costs.

Contact: Paul Lake 
E: paul@blmgroup.uk.com 
W: www.blmgroup.com

Bystronic open house
More than 100 visitors attended 
Bystronic UK’s open house, held from 
10-12 March at its Coventry headquar-
ters. They were able to see some of the 
latest sheet metalworking machinery 
currently on the market, including some 
new equipment launched at EuroBlech 
in Hannover last October.

One order placed at the event by sheet 
metal contract machinists Water Jet 
Cutting, was for a 6 kW BySprint Fibre 
laser profiling machine. They are the 
first in the UK to have the new, optional 
Power Cut Fibre feature, which doubles 
the thickness of aluminium and stainless 
steel that can be cut to 30 mm, while 
maintaining extremely fine cutting quality. 

Contact: Dave Larcombe 
E: david.larcombe@bystronic.com 
W: www.bystronic.com

AM solutions in dentistry and aerospace
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HTA Group increase capacity
HTA recently invested over £2 million in 
a new Trumpf fully automated laser cut-
ting system. This is the most advanced 
Trumpf laser installation in the world and 
has increases capacity to over 1000Hrs 
per week.

The new system, 
including two 
Trumpf TruLaser 
5040 Brightline 
Fibre flatbed 
lasers, processes 
sheets up to 4m 
x 2m. The fully 
automated pro-
duction improves 
workplace safety 
by removing 
the  requirement 
for loading and 
unloading and uses 30% less power 
consumption than CO2 lasers.

Contact: Adam Thomas 
E: adam.thomas@htagroup.co.uk 
W: www.htagroup.co.uk

New ‘performers’ join BOFAs award-
winning cast
BOFA, a specialist in fume extraction 
solutions, has introduced two new ‘per-
formers’ to its comprehensive range of 
units for the laser industry. 

The AD 2000 iQ and AD Oracle SA 
iQ are the latest BOFA products to 
incorporate the iQ system that has 
received such wide industry acclaim 
since its launch two years ago. Both are 
upgrades of existing popular products, 
the added bonus being that the new 
models offer users superior features and 
benefits for the same price as the units 
they are replacing. 

Contact: Susannah Wright 
E: susannah.wright@bofa.co.uk 
W: www.bofa.co.uk

Flatbed laser cutting from Tec Systems
Tec Systems have launched a flatbed 
laser cutting system for processing flat 
sheet metal alloys. It claims a number 
of benefits including a higher speed and 
efficiency than others on the market. 

The Hyperion laser cutter, which is 
offered with a fibre laser up to 3 kW, is 
manually loaded and handles sheets up 
to 2 x 1 m metre. It also has a Z axis to 
cope with different thicknesses of sheet, 
together with a capacitive height-sensing 
cutting head ensures that the cut qual-
ity is consistent even if the material is 
not flat. An automatic power-operated 
door is raised at the end of the cutting 
cycle for unloading the workpiece. Servo 
motors and high precision ballscrews are 
used throughout for a combination of 
speed, accuracy and reliability. 

Contact: Tony Jones 
E: tjones@t-e-c-systems.com 
W: www.t-e-c-systems.com

Innolas laser processing machine
InnoLas (UK) 
Ltd have intro-
duced their new 
laser processing 
machine, the 
IMS500.

The Class 1 
laser enclosure 
can accommo-
date a range of 
laser sources, 
and positioning systems. The picture 
shows the IMS500 fitted with an InnoLas 
IL774D 50kW peak power laser driller 
with Aerotech stages and motion con-
troller.

The welded steel construction of the 
IMS500 guarantees superb stability and 
precision. With generous internal dimen-
sions of 1 x 1 x 1m, the standard enclo-
sure can easily accommodate stages 
with 500 mm travel in X, Y and Z with 
rotary stages as required. 

Parts handling, process monitoring, 
assist gasses and fume extraction can 
all be tailored to fit the client's exact 
requirements.

Contact: Ian Duckett 
E: iduckett@innolas.co.uk  
W: www.innolas.co.uk 

Blueacre's contract manufacturing
Blueacre Technology specialises in laser 
processing polymers and metals in both 
tube and flat form for the medical device 
industry. 

Blueacre pro-
vides stents 
catheters and 
hypotubes in 
a wide range 
of materi-
als includ-
ing polymer, 

PEEK, polyimide, nylon, silicone, metals, 
stainless steel, 
tungsten, alu-
minium, alloys, 
nitinol and CoCr. 
All procedures are 
carried out under 
ISO 9001:2008 
ISO 13485:2012 
accredited quality 
system.

Contact: David Gillen 
E: info@blueacretechnology.com 
W: www.blueacretechnology.com

Charles Day invests in laser cutting
Sheffield based Charles Day (Steels) Ltd 
have invested over £1 million in two new, 
high powered laser cutting machines 
from Bystronic UK in order to grow their 
laser cutting operation. After the success 
of two previous Bystronic lasers installed 
back in 2013, Charles Day (Steels) Ltd 
has further expanded their laser cut-
ting capacity with the latest technology; 
a 6kW Bysprint Fibre 4020 and 6kW 
Bysprint Pro 4020.

Jon Day, owner of Charles Day (Steels), 
said: “Even after the first week of opera-
tion we could see the added efficien-
cies these lasers bought. Our output 
increased dramatically which meant even 
shorter lead-times for our customers”.

In addition to maintaining their reputa-
tion in laser profiling technology, the 
CNC systems behind the two new lasers 
are at the forefront of computer-driven 
cutting technology, guaranteeing a high 
precision profile regardless of the com-
plexity of the requirement. 

Contact: Phil Wooffinden 
E: phil@daysteel.co.uk 
W:www.daysteel.co.uk
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Every runner’s foot strike pattern, degree 
of pronation (amount a foot rolls inward 
with each stride) as well as the propul-
sion and braking forces are unique. New 
Balance Athletic Shoe Inc in Boston, 
Massachusetts, believes that personalis-
ing the spike plate on the underside of a 
runner’s shoe can help athletes become 
faster on the track. Founded in 1908, New 
Balance continuously explores advanced 
methods of product design and produc-
tion. Recently it started 3D printing custom 
spike plates using plastic laser-sintering 
technology from EOS to suit the biome-
chanics and personal characteristics of 
elite athletes. 

Using a proprietary process to collect race 
simulation data, the company’s sports 
research laboratory used algorithms to 
translate the information into an optimised 
design that can be additively manufactured 
from plastic powder in an EOSINT P 395 
system.

Sean Murphy at New Balance, said, “There 
are so many great things that came out of 
this process, compared with the methods 
we used in the past to develop and manu-
facture products. We record a runner’s 
data, generate multiple plates we feel will 
meet their needs and provide several pairs 
of track spikes simultaneously for them 
to try. It’s great to have them identify and 
respond to each different variation that we 
produce.”

Long before the spike plates are even 
designed, New Balance collects each run-
ner’s biomechanical data using a force 
plate, in-shoe sensors and a motion 
capture system worn by the runner. The 
designer is then responsible for performing 
the CAD cleanup necessary to create the 
final product, including finishing model sur-
faces and making adjustments to the spike 
plate. Once the final geometry has been 
verified, the EOSINT P 395 manufactures 
from the CAD files.

Katherine Petrecca, business manager 
of New Balance, commented, “By laser 
sintering our customised spike plates can 
be manufactured on demand. We can 
adjust our process to accommodate differ-
ent sizes and widths, and update designs 
without the capital investment required by 
injection molding.

With all the time and energy put into the 
research and development process, there is 
still one important question: do customised 
spike plates make a difference in the per-
formance of runners who wear them? Kim 
Conley, a member of Team New Balance 
and a US Olympic runner, thinks so. 

After initially visiting New Balance for the 
simulation testing, Conley first wore her 
bespoke spike plates for competition at 
the Mt SAC Relays, held at Mt San Antonio 
College in Walnut, California. She has con-
tinued to wear them, especially at important 
races such as the World Championships. 
Conley said, “My shoes are critical to my 
performance. They are the most important 
piece of equipment I have."

Team New Balance runner Jack Bolas takes 
a spin around the test track at the company’s 
sports research lab

Loughborough-based JC Metalworks 
was started by Jack Chauhan in his 
garage in 1986 and it has taken less 
than 30 years for the company to grow 
into a £5.3 million turnover, 72-employ-
ee, 60,0002 ft enterprise. JC Metalworks 
offers an in-house solution for all sheet 
metal subcontracting requirements, 
from design and precision engineering 
services through to product manufac-
ture, assembly (including electrical work 
and the fitting of non-metal elements 
such as wood and glass), and delivery. 
However, the company's differentiating 
factor, and the secret behind its unerring 
success is its carefully planned, ongo-
ing investment in modern, automated 
manufacturing equipment. 

Point-of-sale is the main market served 
by JC Metalworks, which accounts 
for 85% of business. Over the years, 

the company has become an expert in 
retail markets, understanding the sec-
tor's products, lead-times and quality 
requirements. Retail shelving and rack-
ing for products such as confection-
ary, beauty products and tobacco are 
among core business. Needless to say, 
laser cutting is a primary process, which 
is why the company's most recent 
investment is an FOL3015 AJ 4kW fibre 
laser from Amada.

"We had an existing CO2 laser from 
another supplier, but with 90% of our 
business involving sheet of less than 
1.5 mm thick, it made sense to think 
about investing in fibre technology. The 
Amada machine represented the best 
value for us in terms of manufacturing 
efficiency and automation," said Jason 
Chauhan, the company's Managing 
Director and son of the founder. 

The Amada FOL3015 AJ with MP-F 
automated load/unload spends around 
80% of its time cutting mild steel less 
than 1.5 mm thick, although Zintec, 
pre-galvanised steel, stainless steel 
and aluminium are also processed on 
the machine. Anywhere from 20 to 100 
sheets are loaded at a time.

It is crucial to JC Metalworks that all 
products are made to exact specifi-
cations and high standards, all while 
remaining competitive in the market-
place. With this in mind, JC Metalworks 
is now working with trusted partners in 
the Gujarat region of India, from where 
the Chauhan family originate, to under-
take some of the company's metalwork-
ing processes.

 "Having India on-board allows us to 
manufacture larger volumes on a com-
petitive basis without affecting quality," 
says Mr Chauhan. "This will open up 
opportunities for our clients to support 
their brands globally, as cost effectively 
as possible, while still making the most 
of our team's skills and experience."

CASE STUDY

Retailing ambition at JC Metalworks

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

CASE STUDY

Running performance improved by 
bespoke 3D printed spikes

Contact: Stuart Jackson 
E: stuart.jackson@eos.info 
W: www.eos.info
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The fabricating company for which Matt 
Levett formerly worked went into liquida-
tion in 2003, despite the firm having pro-
gressed from manual cutting to embrace 
CNC technology after the purchase of a 
waterjet/plasma combination machine. 
So he bought the machine from the 
directors and started his own engineer-
ing business, ML Fabcuts. Fast-forward 
12 years and the family-run company 
has become one of the major suppliers 
of profiled sheet and plate in the South 
East. It operates two Bystronic laser 
cutting machines and a waterjet cutter 
in a newly-built, 11,000 sq ft factory in 
Crayford, Greater London. 

The most recently installed laser pro-
filer, which arrived in November 2014, 
is powered by a fibre laser. Mr Levett, 
managing director of ML Fabcuts, 
describes it as an ideal machine for job-
bing shops, which seldom know what 
type of component they will be asked to 

produce next, so need equipment with 
maximum versatility to tackle a variety 
of work. In his opinion, the 3 metre by 
1.5 metre capacity, 4 kW BySprint Fibre 
3015, equipped with a shuttle table and 
ByLoader handling device to assist in 
loading material weighing up to 890 kg, 
is like having three machines in one.

He said, “First, it is brilliant at cutting 
thin gauge material of all types. It flies 
through 1.5 mm mild steel at 28 m/min, 
more than three times faster than our 
4.4 kW CO2 laser. Secondly, it relieves 
our waterjet machine of work, as it 
is able to cut reflective materials like 
aluminium. Thirdly, contrary to some 
people’s belief, the fibre machine also 
cuts thicker materials efficiently. For 
example, it profiles 20 mm mild steel at 
820 m/min, only slightly slower than our 
CO2 laser, which achieves 890 m/min. 
There’s not much in it.”

Mr Levett continued, “Another reason 
for the fibre machine being so economi-
cal to run is that it goes into standby 
mode in a couple of seconds when it is 
not cutting and shuts down completely 
in 15 seconds, then powers up again 
as quickly as a laptop. Further savings 
come from not having to use resonator 
gases like CO2, nitrogen or helium when 

operating a fibre laser cutter, which 
requires no gases." 

ML Fabcuts produces a lot of stage 
sets for the film industry. The company 
made aluminium gates seen in a Harry 
Potter film, while Nicole Kidman, playing 
opposite Daniel Craig in the 2007 film, 
The Golden Compass, leant on a ban-
nister made from 12 mm mild steel by 
the South East London fabricator. The 
surround of almost every lift servicing 72 
floors in the London Shard was manu-
factured by the company and other 
architectural work frequently features in 
its order book. Network Rail is another 
regular recipient of ML Fabcuts’ work, 
especially electrical products in copper 
and brass.

A twin shuttle table allows virtually continuous 
operation by enabling a new sheet (left) to 
enter the BySprint Fibre and previously cut 
components (right) to emerge on another table 
from the machining area.

Lasershape takes third TruLaser
Lasershape, a successful CNC profiling 
company, has ordered a TruLaser 5030 
fibre, their third fibre laser to feature 
5kW BrightLine fibre technology and 
automated handling.

“Our previous two Trumpf lasers with 
BrightLine fibre have proved very suc-
cessful,” states Tim Leam, Director at 
Lasershape. “The cut quality is out-
standing and they’ve made a significant 

contribution to the company’s sales per-
formance over the past year.”

“With the new 5030 fibre we want to 
focus on reliability of cut, reducing inter-
nal rejects as far as possible,” says Mr 
Leam. The TruLaser 5030 fibre will also 
feature Trumpf’s LiftMaster Compact 
automated handling unit when the 
machine is installed in June 2015.

“We are constantly targeting efficiency 
which is why we opted for LiftMaster 
Compact,” explains Mr Leam. “With our 
previous automated Trumpf machines 
we’ve increased our spark uptime from 
50% to more like 80%, which is great 
for a subcontract operation like ours 
where we’ve got many different jobs to 
run in any one day.” 

TruMatic 6000 punch/laser machine
Buckingham-based Stratford Tools, a 
subcontract sheet metalworker, has 
acquired the UK’s first TruMatic 6000 
punch/laser combination machine from 
Trumpf and has thereby reduced lead-
times and enhanced quality.

“Over the past few years sales have 
grown in products that are suited to this 
machine configuration, and, we needed 
to increase our manufacturing capac-

ity and improve production efficiency 
in-line with this growth,” said Company 
Manager, Stephen Cooke. 

The configuration of the TruMatic 6000 
at Stratford Tools includes SheetMaster 
automation and cart system, GripMaster 
automation, descending die technology 
and TruTops punch software. This level 
of automation allows the company to 
run unmanned, lights-out And according 
to Mr Cooke, the machine is being used 
to process everything from small brack-
ets to large panels in all materials and 
thicknesses up to 3 mm. 

"To see a return on our investment, and 
to improve production efficiency, one of 
the main factors in our decision process 
was the ability to run lights-out,” says 
Mr Cooke.

CASE STUDY

Two new laser cutting installations 

Contact: Gerry Jones 
E: g.jones@uk.trumpf.com 
W: www.trumpf.com

CASE STUDY

Versatile fibre laser ideal for jobbing 

Contact: Dave Larcombe 
E: david.larcombe@bystronic.com 
W: www.bystronic.com
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Following the reces-
sion the govern-
ment introduced the 
Regional Growth 
Fund (RGF) initiative. 
This funding provides 
a means of helping 
SMEs to increase 
production in manu-
facturing industry and 
thereby reduce unem-
ployment. 

As most of you will no doubt be aware 
there has been lots of information 
banded around relating to RGF fund-
ing; indeed this was a lead subject 
at the annual job shop meeting in 
October 2013, and over the last few 
years many of us have had several 
chances to obtain some of this to help 
fund new asset purchase. 

I’m only a lowly sub contract laser 
cutter so forgive my ignorance but I 
now realise that there is a lot more to 
this than meets the eye. In a nut shell 
this is the way I see it.

What is going on?
Before the RGF can be agreed there 
are certain criteria to be satisfied: 
jobs to be created, accounts to be 
scrutinised. And it seems that all the 
different finance suppliers have slightly 
different interpretation of exactly what 
is required.

The thing is, and I’m sure that this 
will put some noses out of joint within 
the finance industry, but I recently 
enquired about some finance on a 
new machine and was quoted just less 
than 2% interest and was told “sorry, 
no RGF available”. I then had a quote 
for the same finance at over 4.5% with 
RGF!

Now I understand that there are other 
overheads to be taken care of by the 
finance supplier and the 20% RGF 
that I was offered added up to quite a 
bit more than the extra interest I was 
being asked to pay, but if the RGF is 
truly to help manufacturing industry 
to get back on its feet then how come 
the finance suppliers are allowed to 
make so much extra on the deal?

Dean Cockayne
E: dean@midthermlaser.co.uk

Chairman's report

Regional  
Growth Fund

Jo
b Shop Group

JSG

Laser Job Shop Group
Users of Lasers for Profit
An AILU special  interest group

Dean Cockayne

JOB SHOP CORNER

High grade aluminium metals are now 
commonplace in industry, but welding 
these alloys is highly problematic in the 
very tough grades. 

Over the last few years Carrs Welding, 
a laser welding job shop, have achieved 
success with a number of applications 
using aluminium in the 6000 grade 
series. 

6082 aluminium, for example, is classic 
for hot cracking during laser welding. 
The easiest way to stop cracking is to 
add a filler wire, thereby making the weld 
very soft. Carrs have established good 
parameters by optimising the interaction 
time on various 6000 grade materials up 
to 5 mm thick.

Three examples demonstrate our suc-
cess with these grades of aluminium.

Heat exchanger lid
A cooler plate for a heat exchanger in 
6101 needed a lid over the machined 
water ways. A high grade aluminium 
was required, so that the cooler did not 
bulge or distort under heat and pres-
sure. Carrs tried a CW laser weld to 
seal the lid, but this caused significant 
distortion so we specified a 4047 lid and 
used a pulsed YAG as a solution: the lid 
sealed every time, and was flat to within 
100 μm. 

The strength in the 6101 base was 
adequate to keep the flatness tolerance. 
The 4047, although very expensive, gave 
Carrs a good leak tight seal, every time.

Welding of aluminium housing 
A large aluminium housing was fabri-
cated from 6082 machined plates for a 
military ship, as a Radar housing. The 
machined plates were bolted together 
as a mean of fixing the shape and 
hence the structure was self-jigging. As 
a result all the joints could be welded 
for strength. The final assembly was 
anodised and painted to keep the sea 
water out.

This construction technique proved that 
a small batch of components could be 
made without expensive tooling, or pat-
terns. Also, for large assemblies, casting 
in LM25 for example makes the com-
ponent very soft and of low strength. A 
cast LM25 housing would have to be 
much thicker than the 6082 grade cho-
sen, and hence the 6082 version was a 
lot lighter.

Heat panel
A heat panel in an extruded 6063 was 
used in an energy recovery recycling 
system. The panel was part of a solar 
heating and PV array (see figure above).

With an operating pressure of over 
50 bar, each aluminium vessel needed 
not only to be totally sealed but also, as 
a pressure vessel, it had to pass rigor-
ous pressure testing up to 300 bar with-
out failing. Carrs had to weld on fittings 
and end plugs with minimal distortion 
and without losing the original strength 
of the 6063. A neat 3 mm deep laser 
weld on each was tested to prove it was 
leak tight. At the time of writing the first 
installation was under test in Wales, col-
lecting data before the next phase of the 
project continues.

Carrs have undertaken numerous weld-
ing applications and have hands-on 
knowledge of the pitfalls and other 
issues that can influence future designs, 
whether in lightweight vehicles, aero-
space applications or energy systems. 

All work is carried out to ISO9001 and  
Carrs also have AS9100 Aerospace 
Certification. 

Phil Carr is Managing Director of Carrs 
Welding Technologies Ltd, 2 Henson Park, 
Telford Way Industrial Estate, Kettering, 
Northants NN16 8PX.

E: pc@carrswelding.co.uk

W: www.carrswelding.co.uk

Case study examples of laser welding of high grade aluminium 

Phill Carr

Solar heat panel
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2014 was Bystronic UK's best-ever year. 
Order intake was nearly £47 million, well 
ahead of budget and 40% up on 2013. 
That year and the previous two each 
saw increases of between 20 and 25%.

I think the higher level of sales is due 
in part to Government initiatives, such 
as raising the capital allowance to 
£250,000. It helped to boost our order 
intake in December to three times budg-
et, despite there being only three weeks 
of trading.

Politicians seem to be taking manu-
facturing far more seriously now and 
continue to support the private sector 
with regional growth funding in England, 
helping to create economic prosperity 
and employment.

One driver for Bystronic’s growth 
worldwide, and particularly in the UK, 
has been the phenomenal uptake in 
fibre laser profiling at the expense of 
machines powered by CO2 lasers. Sales 
of the latter halved between 2012 and 
2014, whereas BySprint Fibre machine 
sales rocketed in the UK from 15 to 54. 

Compared to a similar machine using a 
CO2 laser source, the first and foremost 
attraction of a fibre machine is that it can 
cut thinner materials two to three times 
faster. In addition it is able to process 
reflective materials such as copper and 
aluminium without risk of damaging the 
optics; also, overall power consumption 
is significantly lower. Profiling thicker 
materials may be slightly slower but 
even in this area, the higher power fibre 
lasers hold their own well. A 6 kW model 
was introduced at EuroBlech 2014, 
50% more powerful than the previous 
maximum for a fibre laser flatbed cutting 
source, which gave beter than CO2 cut-
ting speed even with thicker materials.

Increasingly, laser cutting companies 
are adding value to their products by 
bending them after profiling, which has 
led to an increase in sales of Bystronic’s 
press brakes. This is particularly the 
case if the customer is already using the 
manufacturer’s laser profilers, the com-
monality of control software speeding 
the subsequent bending operation after 
laser cutting. 

Water jet machine sales are also hold-
ing up well. A 3-axis CNC head for 3D 
cutting on a ByJet Flex was introduced 
recently, which allows bevelled edges to 
be produced, for example.

These new technologies and other 
advances from Bystronic, notably in 
automation of our sheet metalworking 
machines, have significantly increased 
our installed base in the UK in recent 
years. 

We have had to be careful to match this 
success with having enough applica-
tions and service engineers to deploy 
in order to look after both existing and 
new customers. Several new members 
of staff have recently been recruited in 
these areas and if needs be we have the 
resources of the Swiss parent company 
at our disposal.

Dave Larcombe is managing director of 
Bystronic UK, 6 Wayside Business Park 
Wilsons Lane, Coventry CV6 6NY.

E: david.larcombe@bystronic.com

The laser machine market in the UK
Dave Larcombe 

First of a series where laser machine suppliers give their views on the market
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Laser cutting is a multi-billion euro 
industry, which is dominated by CO2 
and fibre laser cutting machines. 
Research by the HALO [1] team has 
investigated the efficiency of the cutting 
process when cutting stainless and mild 
steels with different lasers with the aim 
of answering one question: 

‘How much cut edge is produced per 
kilojoule of laser energy?’

The conclusions of this investigation are 
summarised below:

As material thickness increases, cutting 
efficiency decreases. Several effects 
may contribute to this trend:

•  For all thermal cutting processes, an 
increase in material thickness results 
in a decrease in cutting speed, which 
increases the laser-material interac-
tion time per unit length of cut and 
this allows a greater proportion of 
the heat to be carried away by con-
duction. The increase in conductive 
losses per unit length of cut therefore 
results in a decrease in process effi-
ciency.

• Other possible reasons for the 
decrease in efficiency with thickness 
include reduced absorptivity and the 
creation of wider kerfs i.e. cuts that 
have wider kerfs require more energy 
because a greater volume of melt is 
created per mm2 of cut edge pro-
duced. 

Fibre lasers are more efficient than CO2 
machines when cutting thinner section 
sheet (see figure 1) Again, the influence 
of kerf width and absorptivity are the 
main causes of this result.

With reference to figure 1, the efficiency 
of the fibre lasers falls off more rapidly 
than that of the CO2 lasers as material 
thickness increases and at the thicker 
sections the CO2 laser is more efficient 
than the fibre lasers.

In the thin section regime the higher 
power laser machines of both types 
(wavelengths) have slightly lower 
efficiencies than the lower power 
machines. Higher vaporisation losses 
at higher speeds as well as practical, 
speed-limiting considerations of indus-
trial systems are potential explanations.

As material thickness increases, the cut-
ting efficiency of the lower power fibre 
laser falls off faster than it does for the 
higher powered machine.

At the thinnest sections, 
when cutting with nitro-
gen, the cutting efficien-
cy may be reduced by 
(energetically wasteful) 
boiling of the melt.

At the thinnest sec-
tions, when cutting with 
oxygen, the cutting effi-
ciency may be reduced 
by the presence of tem-
peratures which reduce 
the effectiveness of the 
oxidation reaction.

When oxygen is used 
as the cutting gas the 
differences in cutting effi-
ciency between CO2 and 
fibre lasers are reduced.

Kerf widths tend to 
increase as material 
thickness is increased. This is primarily 
for two reasons: 

• For thicker sections the beam is 
often focused deep into the material 
and therefore presents a larger diam-
eter beam at the kerf entrance;

• At the lower speeds associated with 
thicker sections the lower intensity 
edges of the beam can contribute to 
the melting process. 

The use of oxygen as the cutting gas 
also increases kerf widths. This is 
because the laser beam only needs to 
heat up the material on each side of the 
kerf to the oxidation initiation tempera-
ture – which is lower than the material 
melting point. Therefore, the effective 
heat source of laser and combustion is 
wider than that of direct laser melting.

Cutting volume efficiency
The efficiency of the cutting process 
has to be distinguished from the cutting 
volume efficiency (the amount of mate-
rial ejected from the cut zone per kJ of 
laser power), as the latter value directly 
profits from wider kerfs. In the case of 
CO2 lasers the cutting volume efficiency 
remains steady over the thickness 
range. This relative invariance is possi-
ble because there is a balance between 
two opposing effects:

• As thicknesses increase the cut front 
approaches the Brewster angle and 
absorptivity is improved up to a cer-
tain thickness (increasing the energy 
available for material melting); but 

• As thicknesses increase the conduc-
tion of energy away from the cut 
zone increases, thereby reducing the 
energy available for melting.

In the case of fibre lasers the cutting 
volume efficiency decreases as material 
thicknesses increase. This is because 
the Brewster angle for fibre lasers 
favours thin section cutting, i.e. glancing 
angles above 10 degrees. If the material 
thickness is increased the absorptivity 
of the beam in its initial contact with 
the material decreases and direct beam 
impingement and absorption can only 
feed the upper part of the cutting front. 
This leads to the dominance of multiple 
reflections especially further down the 
kerf with stepwise increasing glancing 
angle – increasing absorption and the 
effective contribution of the reflected 
1 μm wavelength radiation. 

The strong role played by multiple reflec-
tions in the case of fibre lasers (particu-
larly at thick section) facilitates cutting 
efficiency but on the other hand can pro-
mote instabilities and limit cut quality. 

References
1 HALO is a collaborative research project sup-

ported by the European Commission through 
the Framework Seven Programme (FP7) 
314410; www.halo-project.eu 

Contact: Bruce Napier  
E: bruce@vividcomponents.co.uk

For further details see:

J.K. Pocorni, D. Petring, J. Powell, E. 
Deichsel, and A.F.H. Kaplan. Differences in 
cutting efficiency between CO2 and fibre 
lasers when cutting mild and stainless steels. 
Proc ICALEO 2014

Figure 1: Relative cutting efficiency results for stainless steel (nitrogen 
cutting gas)
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You have been involved in laser cladding 
and welding, and now electron-beam 
welding. How did your interests develop, 
both in the processes you’ve worked 
with and the organisations that you have 
worked for?

Welding is in your blood or its not. 
Simple. I’ve also always been a bit of a 
pyromanic at heart, so working with toys 
that have the ability to vaporise metals 
was always going to be a winner for me. 
However, it is welding (and cladding) 
that really interests me, and the laser is 
just one tool from an available many. I 
enjoy using MMA and TIG just as much 
as multi kilowatt lasers. I have a small 
arc welding workshop in my garage at 
home; I haven’t got a laser yet, but I’m 
working on it.

My interests in lasers developed by try-
ing to achieve the best with the available 
resources. I was always trying to out-
perform results of others by understand-
ing the fundamentals of the process 
and optimising it by being innovative 
and applying what I’d learnt from other 
welding/cladding processes. The best 
power beam engineers are those who 
can manually weld; they understand 
the flow of liquid weld metal far better 
than can be taught in a class room or 
indeed by process modelling or Design 
of Experiments.

In terms of organisations I’ve worked 
for, I can safely say that my passion is 
manufacturing. There’s nothing like the 
feeling of being part of a team which 
produces something, whether that be a 
20 ton coil of steel, or a nuclear engine. I 
have a passion for British Manufacturing. 
We are the best engineers in the world, 
and anything I can do to further that 
makes me very proud.

I’m also very proud of teaching young 
engineers, as I’ve done in all my previ-
ous roles. One of most important things 
that Chartered Engineers like myself can 
do is to pass on their experience and 
knowledge to the younger generation, so 
that they can take what we do and make 
it better.

As a relatively recent member of the 
AILU committee, what would you like 
to see in terms of future developments 
within the Association?

AILU needs more industrial members; 
specifically, more end users. I really 
enjoy coming to AILU events, but I 
do feel slightly out-gunned. There are 
numerous people trying to sell me 
lasers, integrated systems, or research, 
which is no bad thing in small numbers. 
However, as AILU’s name suggests, we 
are an association of Industrial Lasers 
Users: any future development in the 
Association should therefore be directed 
at supporting Industrial Laser Users, to 
make AILU more relevant. The correct 
balance is undoubtedly a difficult thing 
to achieve, but one which would reap 
benefits for the UK laser community. 

How well do you think UK manufacturing 
industry is aware of what laser technol-
ogy can offer or is there a lot more to be 
done?

I think UK manufacturing are very aware 
of laser technology, and that is in no 
small part due to the efforts of AILU. 
However, the industry is cautious about 
adopting a new technology, especially 
with its high capital cost outlay. There 
is also confusion over the different laser 
sources, which is best for my particular 
application, fibre, disc (fibre delivered), 
diode, CO2. Talk to two suppliers and 
you’ll get two different stories.

As a community we’re very good at pro-
moting fundamental research. However, 
we’re not very good at promoting actual 
applications and we are even worse at 
ensuring that industry is aware of and 
interested in fundamental research. 
Nevertheless, there were some really 
good presentations at ILAS 2015 includ-
ing the work carried out by Carrs and 
Jaguar LandRover. It’s presentations like 
these which will get UK manufacturing 
to pay attention to the benefits of power 
beam processing.

In your experience, how important a part 
do universities play in the dissemination 

of laser materials processing into manu-
facturing industry?

Universities are key to propagating a 
fundamental understanding of laser 
materials processing within manufactur-
ing industry. However, I’ve seen multiple 
Universities trying to jump before they 
can run and ending up flat on their backs 
working on processes that have no end 
goal. Understanding the welding process 
on small coupons is completely different 
to fabricating complex 3D components. 
For this reason, universities need to work 
together with institutions such as the 
MTC and TWI, to present an aligned and 
coordinated approach. 

The work presented at ILAS 2015 by 
Stewart Williams and Wojciech Suder of 
Cranfield University provides a brilliant 
example of how to support UK manufac-
turing. Their work is aimed at simplifying 
the laser welding process and removing 
the ‘black art’ associated with transfer-
ring parameters between systems with 
different optical setups: it is staggeringly 
simple, yet very effective. I have used 
their model on several different systems, 
and have seen for myself how potential 
adopters of the laser welding process 
would do well to apply this parameter 
transfer approach. It would acceler-
ate their learning and it would minimise 
development time, leading to a faster 
payback of their capital outlay.

The UK laser subcontract community 
has been slow to embrace laser clad-
ding and, even more so, laser hardening. 
However in the last year one of your 
understudies at Tata, Sam Lester, has 
set up a portable subcontract laser clad-
ding business. Do you see lots more 
opportunities for new laser-based sub-
contract processes and services?

INTERVIEW

Taking the power beam processing 
message into industry
An interview with Nick Longfield
Power Beam Welding Specialist, Rolls-Royce Marine Power
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EDITORIAL

The costs caused by the wear of com-
ponents used in production represent 
a significant proportion of their bottom 
line of UK manufacturing industry. Whilst 
laser cladding is seen as an expensive 
process, the in-service results that can 
be achieved by applying engineered 
coatings of high performance alloys 
far outweigh the associated costs. I 
don’t think it will be too long before the 
laser cladding process generates suf-
ficient interest to prompt others to bol-
ster the UK laser cladding subcontract 
market. However to do this we need 
government funding and support from 
universities to quantify and promote 
what can be achieved; not by assess-
ing the fine detail through a plethora of 
PhDs, but actually by getting out into 
industry, cladding full scale components 
and promoting the results. To this end, 
universities may say that they don’t 
have the equipment to clad full scale 
components. This is a poor excuse: use 
the resource already in the UK, such as 
LASE, LCT, ALT and the MTC, they’ll be 
only too happy to help.  

Your current work at Rolls-Royce 
Nuclear is mainly in electron beam laser 
welding. How successful have you been 
in transferring your knowledge and skills 
of laser welding? 

The laser and electron beam welding 
processes are very (very) similar. They 
can both generate high aspect ratio 
keyhole welds at high speeds (depend-
ent upon power) and they both suffer 

with keyhole stability issues, fast cool-
ing rates, hot tearing, porosity and high 
fit-up and cleanliness requirements. 
One major difference between the two 
processes is the penetration capabil-
ity. Dependent upon power, the laser is 
limited to approximately 25 mm single 
pass thickness welding; and the electron 
beam approximately 400 mm.

The focussing characteristics are, how-
ever, nigh on identical with regards to 
focal length and associated depth of 
focus and spot diameter: laser engineers 
use a defocused beam and/or beam 
wobbling to stabilise keyhole fluid flow 
and so do electron beam engineers.  It 
has therefore been very easy to transfer 
from working with lasers to working with 
electron beam. It’s great being able to 
cover both processes.

The only real difference between laser 
and EB welding for typical sheet/plate 
thickness is the method of avoiding 
oxidation during welding. As welding 
is carried in a vacuum during EB weld-
ing, no oxidation occurs; whereas since 
laser welding is typically carried out in 
atmosphere, an inert shielding gas is 
typically but not always required. You 
might therefore imagine that the big-
gest advantage of EB welding over 
laser welding is its capability to weld 
highly reactive materials without hav-
ing to worry about shielding systems 
for complex component geometries. 
You might also imagine, that the laser 
welding processes biggest advantage 
over EB welding is its ability to weld 3D 

geometries by robotic manipulation with 
no real limit in component size and with 
no high vacuum requirements.

Recent developments, however, include 
local vacuum chambers developed by 
TWI to utilise EB welding for the fabrica-
tion of some very large workpieces such 
as wind turbines and pressure vessels.

Do you think that there would be a lot to 
gain if AILU did more to extend its inter-
ests to include users of e-beam and (for 
cutting) water-jet processes? 

The EB and laser welding processes 
do not compete; they complement 
each other. Therefore I believe that the 
EB welding process should be cov-
ered and supported by AILU. Perhaps 
AILU should change its name to the 
Association of Industrial Power Beam 
Users, AIPBU: not as catchy I know, 
but if we’re serious about supporting 
UK manufacturing, we should cover the 
process and not be bound by the power 
source. Obviously, such an Association 
could include electron beam for additive 
manufacturing and water jet for cutting. 

With its increased source scope and 
greater focus on the process, I for one 
would find AILU (or AIPBU) events more 
interesting and I imagine so would other 
welding engineers from around the UK’s 
manufacturing industry. If AILU wants 
more industrial members then…let's do 
something about it.

Welcome to the latest edition of The 
Laser User. Spring is here and AILU is 
entering a new phase as we say a fond 
and somewhat sad farewell to Mike 
Green but a hearty and enthusiastic 
welcome to Dave MacLellan as our 
new Executive Secretary. I should note 
that Mike will be administering AILU 
through the secretarial contract until 
October this year at which point Dave 
Macllelan through his company Anode 
Marketing will take over. The hand 
over period between now and October 
is really important and will ensure a 
smooth transition.

I have to say I am very much looking 
forward to my time as president of 
AILU. We are already planning for the 
next events and activities following 
from a successful ILAS in March.

There will be a new Special Interest 
Group in Power Beam Processing and 

the inaugural event will be at TWI on 
22nd September. Do make a note in 
your diary.

Also, I am forming a new sub-group 
of the committee to look at end user 
engagement. We have a focus on 
growing AILU membership in all sec-
tors but in particular in industrial end 
user area, which has been somewhat 
under-represented in the AILU mem-
bership to date.

I would like to take the opportunity to 
welcome our new committee members 
elected at the AGM in April and also 
a big thank you to all the committee 
for their hard work and commitment in 
making AILU such a force for good in 
the laser materials processing arena. 
Thanks also to Neil Main who has 
passed on a fit and vibrant AILU after 
his two years as president.

Over the 
coming 
months we 
will also be 
strengthening 
ties with our 
international 
friends in 
particular 
through 
Carlos Lee at 
EPIC and Lin 
Li's association with the LIA in the US.

All in all we are in for a busy and pro-
ductive time. Rest assured that AILU 
will continue to support, inform, con-
nect and bring all the usual benefits to 
our members over the coming months 
and years.

Ric Allott
E: ric.allott@stfc.ac.uk

PRESIDENT'S MESSAGE
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For a wide range of products, laser 
micro machining (LMM) is a very attrac-
tive solution to fabrication problems 
and has some very appealing advan-
tages over competing processes. 
These advantages include: non-contact 
machining; a wide range of materials 
that can be processed; the ability to 
process complex free-form (3D) surfaces 
that incorporate functional features with 
wide range of sizes; and capabilities for 
in-situ customisation of selective surface 
characteristics. 

Configurations for LMM
In LMM, the critical demands for accu-
racy, repeatability and reproducibility 
(ARR) in the manufacturing processes are 
addressed through the use of direct-write 
micro-machining platforms to control 
the relative movement of the beam and 
workpiece. The LMM platforms can con-
veniently be divided into three groups: 
• Configuration A: moving workpiece 

and stationary beam; 
• Configuration B: stationary work-

piece and moving beam; and 
• Configuration C: a combination of 

both. 

In Configuration A the workpiece is typi-
cally mounted on precise linear stages 
that move the workpiece to trace out the 
machining envelop under a stationary 
focused laser beam. This LMM configu-
ration is capable to deliver repeatable 
ultra-precise positioning down to tens 
of nanometers and thus to realise very 
reliable machining in terms of ARR. 
Furthermore, the commercially avail-
able drivers of linear stages also provide 
advanced solutions for integrating laser 
a consistent pulse separation regard-
less of the workpiece velocity along the 
machining paths. However, the draw-
back of LMM platforms of this kind (A) 
is their relatively low machining speeds 
compared with B and C configurations, 
typically no more than 500 mm/s, too 
slow to utilise the latest generation 
of high frequency USP laser sources. 
Its use is increasingly limited to high 
ARR applications where relatively long 
processing time can be tolerated.  

A key component technology in 
Configuration B LMM is a scanning 

galvanometer mirrors’ system 
under CNC control. Due to 
their low mass optical deflec-
tion systems are faster than 
mechanical stages, allowing 
high addressable laser fir-
ing rates to be fully utilised. 
However, the higher speed 
is at the expense of a lower 
ARR. Furthermore, the working 
envelop of Configuration B sys-
tems is limited by the scan field 
of the focusing lens system 
and so such LMM platforms 
are mostly utilised for fabricat-
ing components with relatively 
small overall dimensions. 

The Configuration C LMM plat-
form benefits from the advan-
tages of both A and B systems 
and thus can be employed 
either for higher ARR process-
ing by utilising the capabilities 
of the linear stages or high 
speed machining with the opti-
cal deflection systems. The 
main objective is to realise high 
speed machining over a bigger 
working envelop. However, the ARR of 
such LMM platforms remains limited by 
the optical deflection system. 

Optical beam deflection systems
A typical optical beam deflection system 
comprises of two orthogonally mounted   
mirrors on precise galvanometer motors 
under the closed-loop control of a servo 
system. The galvanometer of such a sys-
tem has two main parts: an actuator that 
produces a rotary beam deflection in 
response to electric current and a posi-
tion detector for closed loop control. The 
controller also synchronises the laser 
However, even with the implementation 
of such Proportional Integral Derivative 
(PID) control loop, the corrective actions 
cannot offset fully the system inaccura-
cies due to the existence of inertia and 
damping. Other factors, which limit the 
performance of optical beam deflection 
systems, include torsional resonance, 
heat dissipation, drift, non-linearities, 
and noise. The effects, due to the sys-
tem’s inertia increase with increasing the 
speed of the beam deflectors, ultimately 
limit the machining performance.

Figure 1b provides a simple example of 
how these factors degrade the dimen-
sional accuracy of laser machining. In 
particular, the machining vectors do not 
reach the programmed position (shown 
in Figure 1a), giving rise to the “tails” 
that are formed along the beam path 
both at the beginning and at the end 
of each vector: these are errors that 
increase with increasing process speed. 

Figure 2(a) shows an example of a 
machining vector that was programmed 
for execution by the beam deflection 
system while Figure 2(b) depicts the 
actual response of the mirror galvanom-
eters. The discrepancy between the pro-
grammed and actual machining paths 
results from the existence of acceleration 
and deceleration regions at the start and 
end of each machining vector, respec-
tively. These machining errors occur 
because the programmed path and the 
set scan speed only without the dynam-
ics of the beam deflection system were 
taken into account when generating the 
control signal for the galvanometers’ 
rotary movement. In particular, the errors 
represent the difference between the 

MICRO-MACHINING

Counteracting the effects of dynamics on optical beam 
delivery systems by use of software

Pavel Penchev, Stefan Dimov, Debajyoti Bhaduri, Sein L Soo and Benoit Crickboom

Figure 1: Dynamics effects of an 
optical beam deflection system on 
the dimensional accuracy during 
the laser machining:  
(a) target geometry;  
(b) geometry produced at (l) 1 m/s 
and (r) 2 m/s;  
(c) with deactivated scanner and 
laser delays produced at (l) 1 m/s 
and (r) 2 m/s.
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programmed movement with a constant 
scan speed and the actual path with-
out the effects of the galvanometers’ 
dynamics, especially a shorter travel 
than intended. 

Machining accuracy
The latest generation of optical laser 
beam deflection systems has the capa-
bilities to compensate the dynamics 
effects by introducing delays in the gal-
vanometer rotary movements and also 
in triggering the lasers. The introduction 
of scanner and laser delays can improve 
significantly the dimensional accuracy 
of produced components and thus to 

minimise and 
even to elimi-
nate the scan-
ners’ machining 
errors by pro-
viding enough 
time for the 
scanners to 
complete the 
programmed 
movements as 
exemplified in 
figure 3. Figure 
1 c exemplifies 
the improved 
machining 
accuracy that 
can be achieved with the introduction 
of scanner and laser delays. However, it 
should be also noted that the introduc-
tion of scanner and laser delays can 
be a very time consuming and tedi-
ous task because the delays need to 
be optimised for different processing 
speeds and also for different machining 
geometries. Furthermore, the introduc-
tion of scanner delays does not eliminate 
the varying pulse distances at the start 
and the end of each machining vec-
tor (see figure 3) with its negative side 
effects (see the section below); it also 
increases the machining time.

Machining quality
The scanner dynamics also influences 
machining quality, since the spatial sepa-
ration of laser pulses on the workpiece 
(dp) will vary with beam scan speed (Vs) 
i.e. dp = Vs / fp, where fp is the laser pulse 
frequency. In particular, since fp is con-
stant across any laser machined area, 
the changes of Vs in the acceleration and 
deceleration regions leads to variations of 
the pulse distance at the beginning and 
the end of every machining vector. 

Acceleration and deceleration regions 
are still present when scanner and 
laser delays are introduced to improve 
machining accuracy (as discussed in 
the previous section) so, due to limita-
tions in integration architectures of laser 
sources and scanner systems (especially 
the limited capabilities of scanner drivers 
to vary the laser processing parameters 
“on the fly”) variations in machining qual-
ity remain. As evidence of this figure 4 
shows the accumulated result of this non-
uniform processing after layer-based laser 
machining of a pocket, after ablating five 
layers (five scans of machining vectors) 
on a stainless steel specimen. 

Software to deal with dynamic effects
Taking into account the limitations of 
currently available control architectures 

for integrating laser sources with beam 
deflection systems, especially in con-
text of Configuration B and C LMM, 
a software solution to improve both 
dimensional accuracy and machining 
quality is proposed. This is achieved 
using an adaptive CAD/CAM postproc-
essor to minimise the dynamic effects 
of the beam deflection system on the 
LMM systems’ ARR. This adaptive 
solution supplements the conventional 
postprocessor, which only translates the 
beam path created based on the CAD 
data into a NC part-program for a given 
LMM system configuration. In particular, 
this adaptive postprocessor includes 
the capabilities of the conventional 
postprocessor for translating the beam 
movements into machine executable 
commands plus capabilities to intro-
duce systematic changes; in particular 
compensations for the beam deflectors 
acceleration and deceleration regions, 
into the machining vectors. Thus, it 
becomes an “active layer” between the 
standard CAD/CAM process and LMM 
systems. Its functionality includes (apart 
from translating jump and machining 
vectors into machine executable com-
mands) the introduction of compensa-
tions dependent on machine and process 
settings’ in order to offset specifics of the 
dynamics of the beam deflectors being 
utilised. 

The adaptive postprocessor will minimise 
and can eliminate the discrepancies 
between the programmed and actual 
beam movements in the acceleration 
and deceleration regions of machining 
vectors by introducing beam path adjust-
ments while improving the machining 
quality by maintaining a constant spatial 
pulse separation during all machining 
commands. 

The postprocessor is initiated with the 
input of a Cutter Location (CL) data file, 
which represents the laser beam path 
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generated directly by the CAD model. It 
is then necessary to enter laser machin-
ing parameters (i.e. scan speed and 
laser beam diameter). The postprocessor 
introduces changes to the beam path to 
compensate for laser delays and laser 
beam diameter and outputs a NC file that 
contains machine executable commands 
to realise the beam path.

Offsetting machining vectors
It is necessary to obtain experimentally 
information about the dynamics of the 
beam deflection system used in the LMM 
system. Essentially, an empirical model 
has to be created that characterises the 
dynamics response of the beam deflec-
tion system when executing machining 
vectors across the full range of acces-
sible processing speeds. Experimental 
tests have to be conducted that include 
the machining of single lines with dif-
ferent processing speeds and thus to 
obtain information about the acceleration 
and deceleration regions at different scan 
speeds. By applying the model, scan 
speed dependent compensations to 
each machining vector can be introduced 
that in practice represent offsetting val-
ues of the vectors’ start and end points. 

Application of laser delays
Following the offsetting step, the laser 
on and off time events should be adjust-
ed to maintain a constant spatial pulse 
separation. In addition, a compensation 
for the laser beam diameter (dL) is intro-
duced in this step, by adding and sub-
tracting a time constant (dL/2Vs) from ton 
and toff, respectively. 

Figure 5 exemplifies how such system-
atic compensations for the dynamics of 
the beam delivery system can be used 

to “adapt” machining vectors to the set 
scanning speeds and then by applying 
the necessary laser on and off delays to 
obtain a constant pulse distance when 
executing machining commands.

Since dynamics behaviour of beam 
delivery systems is taken into account 
by the postprocessor, the generation of 
beam paths and then machine execut-
able part programs is fully automated. In 
this way users benefit from this software 
solution regardless of their knowledge 
and experience with configuration B and 
C LMM systems.  

Experimental validation
Experimental tests were performed on a 
Configuration B LMM platform equipped 
with a state-of-art beam deflection sys-
tem. The machining reported here was 
performed using an Amplitude Systemes 
Satsuma 5W ultrafast fibre laser with a 
central wavelength of 1030 nm. 

A 100 mm telecentric focusing lens 
provides an optical machining field of 
view of 35 x 35 mm. For the postproces-
sor a commercially available software 
tool, the DELCAM PostProcessor, was 
used. It was interfaced with ArtCam and 
PowerMill CAD/CAM systems. 

To obtain the dynamics of the beam 
delivery system, the length of the accel-
eration region and the machining error 
were measured for the production of sin-
gle lines machined at different process-
ing speeds.  Measurements and analy-
ses of experimental results were per-
formed on an Alicona Infinite focus G4 
optical 3D microscope. Measurements 
of both form and surface topography 
were carried out with maximum lateral 

and vertical resolutions of 400 nm and 
10 nm, respectively.

The experimental validation of the adap-
tive postprocessor was performed on 
the intricate 3D geometry of a passive 
waveguide filter: see figure 6, which 
shows the CAD model of the waveguide 
filter with its nominal dimensions.

The machining of the waveguide struc-
ture was carried out on a brass speci-
men. The machining strategy employed 
in the trials generated machining 
vectors that are normal across the 
waveguide length and layer-based 
processing was used to produce the 
3D structures. Table 1 lists the laser 
machining parameters. These settings 
were optimised to meet the functional 
requirements for this passive waveguide 
filter, in particular a surface roughness 
(Ra) better than 300 nm. 

The impact of the proposed adaptive 
postprocessor on laser machining time 
and thus the machining effectiveness 
was assessed in three trials:  

Trial 1: Machining of the microwave filter 
without applying the postprocessor with 
optimised beam deflection system and 
laser delays;

Trial 2: Machining after applying the 
adaptive postprocessor at a high scan 
speed;

Trial 3: Machining without applying the 
postprocessor but at an optimised scan 
speed in order to obtain similar machin-
ing results to those in Trial 2. 

It is important to note in Table 1 that the 
machining without applying the adap-
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Figure 5: The combined effects of applying the 
adaptive post-processor on positional accuracy 
and machining quality
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tive postprocessor required a substantial 
lowering of the scan speed in order to 
obtain comparable machining results. 

Results and Discussions
The laser machining results of the 
waveguide are shown in Figure 7. Trial 
1 demonstrates that through some opti-
misation of beam deflection system and 
laser delays, the machining error can be 
reduced to within ±10 μm of its nominal 
dimensions. However, the machining 
quality in Trial 1 is still not satisfactory 
even after the introduction of the delays 
due to variations in spatial pulse separa-
tion, leading to the convex profile of the 
channel floor shown in figure 8 (upper). 
Thus it was not possible to meet the 
quality requirements for the manufacture 
of the waveguide filter. 

In Trial 2, the adaptive postprocessor 
results show an improvement in both 
dimensional accuracy and quality of 
the machined structure at high process 
speed. By maintaining uniform material 
ablation across the waveguide channel  
a flat channel floor was produced as 
shown in figures 8 (lower). 

The machining accuracy and quality 
achieved in Trial 3 was almost the same 
as in Trial 2 but the laser machining effi-
ciency in Trial 2 was significantly better. 
In particular, the machining times for the 
fabrication of the waveguide were 102 
and 391 s, respectively. Thus, an almost 
fourfold efficiency improvement can be 
achieved if the adaptive postprocessor 
is utilised. 

Conclusions
This paper presents a generic software 
solution to minimise the dynamic effects 
of beam deflection systems and thus 
to improve significantly laser machining 
accuracy and efficiency. These improve-
ments are achieved by implementing 
an ‘’adaptive’’ postprocessor as stand-
alone software or a build-in function 
into the PC-based controller of LMM 
systems. In this way, the generation of 
machine executable part programs is 
fully automated and users can benefit 
from these software tools regardless of 
their knowledge and experience with any 

given LMM systems. The capabilities of 
these tools have been validated experi-
mentally. 
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Table 1: Process settings for microwave structure

Trial 1, 2 Trial 3

Average Power [W] 4.2 4.2

Frequency [kHz] 500 12.5

Pulse duration [fs] 310 310

Beam Diameter [μm] 30 30

Scanning Speed [m/s] 2 0.050

Layers 15 15
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Figure 8: Depth profile of the produced waveguide channel for (upper) Trial 1 and (lower) Trial 2

See Observations p 34
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Trial 1

Trial 2

Trial 3

Waveguide filter Trial 1 (total machining time 99 s)

Filter Feature 1 2 3 4 5 6 Channel

Width [μm] 100.8 153.1 148.8 148.7 153.3 101.1 463.4

Height [μm] 175.1 296.5 346.3 346.5 296.8 175.7 NA

Waveguide filter Trial 2 (total machining time 102 s)

Feature [μm] 1 2 3 4 5 6 Channel

Width [μm] 100.6 153.2 152.1 151.9 152.8 100.4 435.8

Height [μm] 171.5 293.6 339.6 339.8 293.8 171.5 NA

Waveguide filter Trial 3 (total machining time 391 s)

Feature [μm] 1 2 3 4 5 6 Channel

Width [μm] 104.1 158.1 157.2 157.6 158.8 104.3 428.4

Height [μm] 173.5 290.1 343.4 339.9 290.8 173.7 NA
Figure 7: Experimental validation trials on machining the waveguide structure. The machining results are 
shown together with the key structures dimensions.
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Figure 1 shows part of the electromag-
netic spectrum, from ultraviolet at the left, 
visible in the centre and infrared at the 
right. The characteristic wavelength(s) of 
various laser types are indicated. 

Interaction with organic materials
Generally speaking, organic materials are 
characterised by long chains of carbon 
atoms with hydrogen atoms bonded at 
regular intervals, as illustrated in figure 2.  
Because of the regular molecular struc-
tures of these materials they have char-
acteristic modes of vibration and rotation, 
each mode having a specific frequency. The 
implication for laser processing is that only 
lasers with wavelengths that match the natu-
ral oscillation periods of the organic material 
are absorbed. If the laser wavelength does 
not match the characteristic oscillation peri-
ods, then the laser energy will be reflected or 

transmitted.  

This point 
is illustrated 
by the 
absorption 
spectrum 
for acrylic, 
a common 
organic 
material 

(figure 3). The chart shows that for a 10.6 μm 
laser, nearly 100% of the laser energy is 
absorbed. In contrast, the energy absorp-
tion for a 1.06 μm laser is nearly zero.

Most organic solids, being made up of 
long chain hydrocarbons, have optical 
absorption spectra similar to acrylic. They 
tend to absorb very strongly in the mid- 
to far-range infrared region, from about 3 
μm to 15 μm wavelength. This explains 
why lasers with a wavelength of 10.6 μm 
are so effective for processing organic 
materials.   

Laser interaction with metals 
The valence electrons in metals are not con-
strained by the atomic lattice of the material; 
and form a free electron cloud. A laser beam 
striking a metal drives these electrons to 
oscillate in a way that effectively reflects the 
incident radiation. This phenomena makes 
it very difficult for a laser beam to penetrate 
more than a few atomic layers into a metal.  

To reduce this effect, laser wavelengths 
shorter that 10.6 μm are required. Suitable 
laser types are to be found to the left of the 
CO2 laser in figure 1. For example, figure 4 
shows the reflectivity of stainless steel as 
a function of wavelength. At the 10.6 μm 
wavelength, 90% of the energy is reflected. 
However only 60% of the 1.06 μm laser 
energy is reflected.

Universal Laser's new Multiwave 
Hybrid Technology [1] offers 
the user the ability to com-

bine multiple laser beams of differ-
ent wavelength into a single coaxial 
hybrid laser beam in which all wave-
length components are brought 
together in the same focal plane for 
simultaneous multiple wavelength 
materials processing. Each compo-
nent of the beam can be independ-
ently optimised to provide the flexibil-
ity to process a wide range of organic 
and inorganic materials. 

The text box opposite provides a basic 
introduction to the effect of laser wave-
length in materials processing. 

Combining multiple laser wavelengths 
The reflectivity of steel in the infrared is 
shown in figure 4 of the text box. Over 
this wavelength range the reflectivity is 
seen to increase the greater the laser 
wavelength. The variation of reflectivity 
with wavelength is even greater for the 
bright metals (e.g. copper, gold, silver, 
brass), where a short wavelength beam 
(e.g. 1.06 μm from a solid state laser) 
has a particular processing advantage 
over the 10.6 μm output of a CO2 laser.

Lower reflectivity implies an increased 
absorption of energy from the laser 
beam and with it a greater temperature 
rise. This phenomenon can be extended 
to many other metals as is demon-
strated in figure 5 [2]. This figure shows 
an approximately linear increase in the 
absorptivity with temperature for several 
pure metals. The stepwise increase in 
absorptivity that is shown in this figure 
for several of the metals occurs at their 
melting points. 

This ability to use one laser wavelength 
to modify the properties of a material, 
thereby enabling another laser wave-
length to process the material more 
efficiently, is one of the key advantages 
that Multiwave Hybrid Technology has 
to offer. The primary advantage provided 
by this new technology is its ability to 
combine individual laser wavelengths into 
a single coaxial laser beam. This intro-
duces new capabilities that cannot be 
achieved with any other laser technology.  

Multiwave Hybrid™ Technology for advanced laser 
material processing
Joe Hillman

Figure 2. A schematic 
representation of a short 
hydrocarbon molecule, with the 
carbon atoms shown in black and 
hydrogen atoms shown in white.

Figure 3. Optical absorption spectrum for acrylic.

 Figure 1. A portion of the electromagnetic spectrum with various types of laser displayed at their 
characteristic wavelengths

Figure 4. Reflectivity of stainless steel as a function of 
wavelength [1].

Laser interaction with materials 

Ultraviolet  Visible Infrared 
(invisible)  (invisible)

LASER SYSTEMS



The Laser User      Issue 76, Spring 2015 27

For example, Ruettimann, et al. showed 
that combining a 532 nm wavelength 
laser beam with a 1064 nm wavelength 
laser beam produced a copper weld that 
was superior to any weld that could be 
obtained with either wavelength inde-
pendently [3]. 

In another example, Klotzbach, et al. 
demonstrated that whilst carbon fibre 
reinforced polymers cannot be cut clean-
ly with either 10.6 μm or 1.07 μm laser 
beams, a superior laser cut quality can 
be achieved if the two wavelengths are 
combined into a single laser beam [4].  

Figure 6 shows a sheet of Delrin™ 
marked using three different laser tech-
nologies. The laser mark at the top of 
the image was created using a 10.6 μm 
wavelength laser. This mark has a depth 
of 76 μm but little contrast. The laser 
mark in the center was created using a 
1.06 μm laser. This mark has contrast, 
but no depth. 

Multiwave 
Hybrid 
Technology 
created the 
laser mark at 
the bottom of 
figure 6, using 
two beams, 
one of 10.6 μm 
and the other at 
1.06 μm wave-
lengths. This 
mark has both 
contrast and a 
depth of 76 μm. 
This new type 
of laser marking 

was not previously possible; its 
depth provides a permanent mark 
and its contrast enhances its vis-
ibility.  

Another example of a demon-
strated benefit of Multiwave Hybrid 
Technology is the laser cutting 
carbon fibre reinforced polymer 
(CFRP). Figure 7 shows a sheet 
of CFRP cut using three different 
laser technologies. The top circle 
shows an attempt to cut the mate-
rial with a 10.6 μm laser. In this 
case, polymer was ablated from 
the surface of the CFRP, but there 
is no penetration through the car-
bon fibres. The middle circle was 
cut using a 1.06 μm laser. This 
laser cuts completely through the 
CFRP. However, the cutting speed 
is low and there is substantial 
melting of the polymer near the 

cut edge. The reason for the melting is 
that the 1.06 μm laser only cuts through 
the carbon fibre. The residual heat from 
the carbon fibre cutting, then melts the 
polymer. The cut at the bottom was cre-
ated using Multiwave Hybrid Technology. 
Here the two laser wavelengths are com-
bined to create a superior cut quality. The 
10.6 μm laser ablates the polymer, while 
the 1.06 μm laser simultaneously cuts 
through the carbon fibre. This allows the 
CFRP to be cut in half the time (com-
pared to the 1.06 μm laser alone) and 
with much less polymer melting.   

These exam-
ples highlight 
the benefit 
of combining 
just two laser 
wavelengths. 
Multiwave 
Hybrid 
Technology 
surpasses this 
capability by 
allowing any 
number of dif-
ferent laser 
wavelengths to 
be combined to 
optimise mate-
rial processing 
capability.  

Multiwave 
Hybrid 
Technology 
combines multi-
ple wavelengths 
and allows 
independent 
control of each 

laser beam. The peak power, average 
power, power density, pulse rate and 
pulse duration of each laser beam wave-
length can be individually controlled. 
Furthermore, temporal adjustments to 
each of these laser beam attributes can 
be programmed so that every step of 
a material processing operation is opti-
mised. This opens up myriad possibilities 
to the researcher for understanding the 
nature of laser energy interaction with 
various materials. It enables the develop-
ment and optimisation of new manufac-
turing processes that provide quality and 
efficiency superior to single wavelength 
processes.  

Summary 
Universal Laser Systems developed a 
unique technology for combining mul-
tiple laser beams with different wave-
lengths into a single coaxial laser beam. 
This technology allows each wavelength 
component of the hybrid laser beam to 
be adjusted independently to provide 
optimum laser processing capability for 
an unlimited number of materials. The 
Multiwave Hybrid Technology delivers 
results not possible with a single wave-
length laser.   
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Figure 5. Absorptivity of several pure metals as a function of 
temperature [2].

Figure 6. Delrin marked 
with a 10.6 μm laser (top), 
a 1.06 μm laser (middle) 
and with Multiwave Hybrid 
Technology (bottom).

Figure 7. CFRP cut with 
a 10.6 μm laser (top), a 
1.06 μm laser (middle), 
and with Multiwave Hybrid 
Technology (bottom). See Observations p 34
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The technological advances in 
the development of femtosec-
ond lasers over the past few 

decades have established a wealth 
of applications. However, whilst fem-
tosecond pulse machining can pro-
vide high quality material-removal, 
there is a need to minimise the total 
machining time, while simultaneously 
maintaining the flexibility to machine 
patterns of arbitrary spatial extent. 
Several options are available, either 
through a greater degree of freedom 
via programmed movement of the 
beam or sample stage (i.e. sequential 
ablation) or by using an image pro-
jection-based machining technique 
(i.e. image-projection-based ablation), 
where a complete pattern or image is 
machined via a single laser pulse. 

Galvanometer scanning can often pro-
vide faster relative beam movement than 
can be achieved by the equivalent, but 
much slower, translation of a sample 
stage, but the maximum area that can 
be machined with high precision in this 
way may be relatively limited by the 
field lens. Multiple foci via propagation 
through a diffractive optical element, can 
be used to pattern multiple, but identi-
cal, regions simultaneously; this can 
work well for a standard repetitive or 
periodic patterns. This and other serial 
processing approaches are generally 
considered to be slow compared to 
a parallel machining approach, where 
the entire complex pattern could be 
machined ideally in a single laser pulse 
without the need for any scanning or 
sample moving. For this reason a spa-
tial light modulator (SLM), presents an 
excellent solution to the problem. 

Spatial light modulator 
SLM, which include liquid crystal [1] 
and digital micro-mirror devices (DMD) 
[2] enable image-projection-based 
machining, with an entire pattern being 
machined at once. In this work, the 
DMD approach was chosen over the 
liquid-crystal approach because a higher 
refresh rate (30 kHz, as of April 2015), 
lower cost (the basic DMD chip costs 
only a few hundred pounds), and a rela-
tively high damage threshold (~1 mJ/
cm2 for fs pulse durations for damage 

free operation at the 100 000 pulse level), 
and generally slightly higher than typi-
cal damage thresholds for liquid crystal 
SLMs. The ability of a liquid crystal SLM 
to control the phase of the beam was not 
required in the work reported here; only 
intensity control was needed. 

In the case of image-projection-based 
machining using a DMD, each square 
mirror (generally ~10x10 μm in size) 
in the DMD array is either in the “on” 
or “off” position i.e. it acts as a binary 
intensity SLM, with each mirror project-
ing a square pattern of light towards a 
specific point on the sample (mirror in 
the “on” position) or to a beam dump 
(mirror in the “off” position). 

Use of all the mirrors in a typical (e.g. 
4096 x 2160) DMD could therefore allow 
projection of an image that contains 
over 1 million individually address-
able pixels; however, for our work, the 
magnification in the system meant 
that each mirror scaled geometrically 
to ~60 nm, which was well below the 
diffraction limit, and so for this work, 
rather than using single lines of mirrors 
in their “on” position, we used lines of 
greater than ten mirrors, corresponding 
to ~600 nm on the target sample. The 
positional accuracy of each projected 
mirror on the sample was dependent 
on the fidelity of the scaled-down spac-
ing of the mirrors on the DMD, rather 
than the accuracy of the stage move-

ment, as would be the case for the 
serial-beamwriting process as described 
above. 

Laser machining of diamond 
Diamond plays a key technological role 
within many industries and across many 
applications, due to its high thermal 
conductivity and optical properties. 
However, diamond is one of the most 
demanding materials for laser process-
ing and in this work the laser fluence on 
the DMD was approaching the damage 
threshold. Furthermore, we had to use 
multiple pulses (10 per image) to ensure 
good quality machined features. 

The underlying rationale for our diamond 
machining trials was threefold: First, 
diamonds represent perhaps the arche-
typal high-value item and are hence a 
prime candidate for security marking via 
a unique stamp or identification mark. 
Second, since diamond presents one 
of the greatest challenges in terms of 
the laser fluence required for marking, 
success in this work would give us con-
fidence with other materials of interest, 
such as alternative gemstones or the 
ceramic casing of microprocessor chips. 
Finally, our intention was to mark the 
item with lettering that was as small as 
feasibly possible, to demonstrate that 
we could write security codes that were 
invisible to the naked eye and hence dif-
ficult to identify unless their position was 
known in advance. 

Programmable image projection for sub-micron  
machining in diamond
Ben Mills, Daniel Heath, Matthias Feinaeugle, James Grant-Jacob and Robert Eason

MICRO-MACHINING

Figure 1: Schematic of (a) experimental setup and (b) the ablation process, showing the step-and-
repeat process used for ablating a longer structured pattern.

a) b)
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Direct ablative machining of diamond 
via laser has been demonstrated before, 
as has the use of a liquid crystal SLM 
for the reduction of focusing aberrations 
when machining inside bulk diamond, 
but the authors are not aware of any pre-
vious reports of image-projection-based 
laser-machining of diamond, where 
entire complex patterns are machined 
with no requirements for beam scan-
ning or sample translation, other than 
to move to the next printed feature (e.g. 
the next letter or number in the secu-
rity code). Here, we show work using 
a DMD-based parallel laser machining 
approach to machine the surface of 
polycrystalline diamond samples, which 
required only ten pulses to see clearly 
noticeable features, with submicron 
sizes, corresponding to a total machin-
ing time of 10 ms per letter.

Laser source and beam delivery
In this work, a 1 mJ, 1 kHz repetition 
rate, 150 fs pulse, 800 nm wavelength 
ultrafast laser, was used, in conjunc-
tion with a DMD acting as an intensity 
spatial light modulator. The DMD (Texas 
Instruments, DLP3000) consisted of an 
array of 608 x 684 square mirrors, each 
of dimension ~7.6 μm and switchable via 
a computer interface. 

As shown in figure 1(a) the laser pulses 
were spatially homogenised, in order 
to uniformly illuminate the DMD with 
an acceptably flat intensity profile. The 
pulses were then collimated and demag-
nified onto the work-piece via a 100X 
microscope objective. The scaling factor 
of the DMD pattern to the ablated pat-
tern of the sample surface was meas-
ured to be ~127. If the energy density on 
the sample was set above the damage 
threshold of the target material, a region 
on the sample identical to the shape of 
the DMD pattern was ablated. 

Figure 1(b) shows a schematic of the 
process required for machining a series 
of different patterns, in order to build 
up a contiguous structure. The array 
of mirrors on the DMD acted as a dif-
fraction grating and for this work only a 
single order was imaged i.e. the DMD 
was aligned to maximise the energy in a 
single chosen peak. For the 800 nm light 
used here, the combination of an inci-
dent angle of 57° and a diffracted angle 
of 33° (corresponding to the m=+4 order) 
gave 75% of the diffracted energy in this 
single peak and a total usable energy 
of 44% of the incident laser pulse. It is 
important to consider that the depth of 
field of the projected pattern (the dis-
tance until the projected pattern is out of 

the focus) may only be on the order of 
10 μm. Therefore, whilst the surface of a 
material can be machined very accurate-
ly, this technique may not be appropriate 
for bulk machining. However, this dis-
advantage is countered by the ability to 
rapidly pattern large areas on the surface 
of materials, with sub-μm resolution. 

Machining results 
Figure 2 shows scanning electron micro-
scope (SEM) images of the polycrystal-
line diamond surface, where the word 
“ELEMENT” has been ablated, where 
each individual letter was fabricated via 
laser ablation in (a) 10 pulses and (b) 50 
pulses, followed by a stage movement 
to the position of the subsequent letter. 
Therefore, the total number of pulses 
for the entire sample in (a) and (b) was 
70 and 350, respectively. This word was 
chosen, due to its relatively long length 
and mixture of letters that have only 
square edges. 

Separate measurements, using an optical 
profilometer (Zescope), show an aver-
age depth of 69 nm and 106 nm for 10 
and 50 pulses, respectively. The different 
letter separations (10 and 15 μm) are to 
highlight one aspect of the flexibility of 
the system, which allows images to be 
ablated with essentially any separation. 
For this work, an energy density of ~11.5 
J/cm2 was incident on the target sam-
ple, which corresponded to an energy 
density of ~1.6 mJ/cm2 on the DMD 
surface. For each letter, a static image 
was displayed on the DMD for the dura-
tion of the multiple pulses. After each let-
ter had been ablated, the sample stage 
was moved by the set amount, and the 
DMD image was changed to the next 
letter. The letters in figure 2(b) are darker 
in appearance, as more material 
was removed by the laser ablation 
process. In the case of diamond, 
which is transparent across much 
of the visible spectrum and has 
an absorption edge at 225 nm, 
damage via single photon absorp-
tion is not believed to have been 
the dominant process for material 
removal. Instead, we believe that 
multi-photon absorption, via either 
three photon (266 nm) or four 

photon (200 nm) absorption provided the 
means for ablation, which also explains 
the need for significantly higher laser flu-
ence, as compared to most other materi-
als. Using a 1 kHz repetition beam and 
automated sample movement stages to 
stitch individual ablated regions together, 
this laser machining approach could ena-
ble a laser-machined sample coverage of 
1 x 1 mm in approximately 100 s. 

Figure 3(a) shows a SEM image of the 
letter “E,” ablated using ten pulses, cor-
responding to a total machining time of 
10 ms. Clearly observable are significant 
ripple-like structures on the surface, 
which were found to be perpendicular 
to the direction to the laser polarisation. 
This effect is well known in the litera-
ture and is referred to as laser-induced 
periodic surface structures (LIPSS) [3]. 
The average width of the letters was 
~900 nm. The ripple pattern itself can be 
made less prominent via use of circularly 
polarised light or avoided when single 
pulse ablation is used [4]. Figures 3(b) 
and 3(c) show ablation of the curved let-
ter S, for both 10 and 50 pulses, showing 
that, whilst there is some degradation 
of edge-quality due to both LIPSS and 
imaging of a curved object from a rec-
tangular array of pixels, overall the effect 
is not significant. The lack of “pixelation” 
in the projected patterns that make up 
the curved letters can be explained by 
taking into account first the fact that the 
projected features were always at least 
ten mirrors wide, and second, that the 
size of the projected light pattern from a 
single mirror was geometrically scaled to 
well below the diffraction limit and hence 
did not result in a square cross-sectional 
intensity profile on the target sample (as 
might be expected from projection from a 
single mirror) but rather a cross-sectional 
intensity profile resembling a Gaussian. 
The latter effect results in a similar out-
come to rudimentary anti-aliasing effects 
used in 2D graphics, where a single pixel 
line that is required to be drawn at an 
angle is made smoother by introducing 
adjacent low intensity pixels.

Figure 2: SEM images of ablation in polycrystalline 
diamond, using (top) 10 pulses and  
(bottom) 50 pulses. 

MICRO-MACHINING

10 μm

Figure 3: SEM images of ablation in polycrystalline diamond, 
using (l to r) 10 pulses, 10 pulses, 50 pulses. 
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Although the results shown here corre-
spond to a minimum of ten pulses, lim-
ited surface modification was observed 
when only a single pulse was incident 
onto the sample. This is consistent 
with the graphitisation phenomenon, 
[5] whereby the first pulse incident onto 
the sample can cause a slight surface 
growth, produced by the phase change 
from diamond to graphite, and causes 
a damage accumulation mechanism 
where the ablation from subsequent 
pulses can be more significant. Here, 
we have operated above the damage 
threshold of diamond, described else-
where to be in the range of 1.5 –  
9.6 J/cm2 [5, 6, 7], in order to increase 
the ablation removal rate. 

Ablation in yttrium iron garnet (YIG)
In addition to image-projection-based 
laser ablation of diamond, we have 
explored the ablation properties of 
another crystal, also transparent at 800 
nm, namely, a 500 nm thick YIG sam-
ple, grown via pulsed laser deposition, 
on an yttrium aluminium garnet (YAG) 
substrate. Figure 4 shows SEM images 
of ablation of the YIG crystal, for (a) 1, 
(b) 10, and (c) 50 pulses, respectively, 
using a DMD pattern corresponding to 
an annular profile, with line-width of 700 
nm and internal diameter of 5 μm, using 
an energy density on the sample of 3.1 
J/cm2. Results clearly show that even 
single pulse ablation leads to noticeable 
material removal, and that the pattern 
is machined through the entire YIG film 

within ten pulses, implying a material 
removal rate of ~50 nm per pulse. As 
the YAG crystal had a higher damage 
threshold than the YIG crystal, subse-
quent pulses did not machine deeper 
into the sample, hence showing the 
strong contrast between the two lay-
ers in figure 4(c). For a comparison and 
shown in (d), this machining experiment 
was repeated using focussed ion beam 
and required 18 s for a comparable 
machining appearance, highlighting the 
many orders-of-magnitude time dif-
ference between these two machining 
approaches. 

Conclusions 
We have demonstrated a rapid laser-
based machining technique for writ-
ing patterns into transparent crystals, 
including polycrystalline diamond, by 
use of a digital micro-mirror device act-
ing as an intensity spatial light modula-
tor. Line widths of sub-micron size were 
observed. This technique may have 
applications in both direct machining of 
crystals or for the marking of identifica-
tion tags onto diamond or gemstones 
such as emerald or ruby. 
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Short comments on papers in this issue

Programmable image projection for 
sub-micronmachining in diamond
Ben Mills, Daniel Heath, Matthias 
Feinaeugle, James Grant-Jacob and 
Robert Eason

I found this article very interesting, 
demonstrating very effective ultrafast 
laser micro-patterning of poly-crystalline 
diamond with sub-micron features. A 
150fs, 800nm 1kHz, laser output was 
homogenised to a flat top intensity pro-
file and exposed a digital micro-mirror 
device which has a remarkable 30kHz 
bandwidth. By switching on pre-selected 
mirror pixels of the array, which acted 
as binary intensity modulators, clear let-
ters and numbers, with geometrical size 
L < 10μm were nicely ablated on the 
diamond surface after de-magnification 
through an x100 objective with up to 
50 laser pulses. This approach allowed 
fast detailed image projection ablation of 
this valuable and challenging dielectric 
which has one of the highest thermal 
conductivities known. Multi-photon (3w, 
4w) absorption is the inferred ablation 
mechanism which is appropriate for this 
very wide band-gap material. Within 
the letters, beautiful periodic plasmon 
structures (LIPSS) were formed normal 
to the incident polarisation – but instead 
of the expected pitch L1 ~800nm ~linc, 
these have pitch L2 ~200nm so that 
nano-structuring was also demonstrated 
on diamond. This research work clearly 
shows the potential for security mark-
ing of valuable components, whether 
diamonds, other gemstones or ceramic 
casings of micro-processor chips at a 
scale not detectable by the human eye.  
I congratulate the authors on producing 
this excellent article.

Walter Perrie  University of Liverpool

Counteracting the effects of dynamics 
on optical beam delivery systems by 
use of software
Pavel Penchev, Stefan Dimov, Debajyoti 
Bhaduri, Sein L Soo and Benoit 
Crickboom

Laser micro-maching does indeed offer 
attractive solutions over traditional con-
tact machining methods. The combined 
usage of precision linear tables and laser 
scanners or galvos are becoming more 
common place. Pavel Penchev and his 
co researchers clearly explain the ben-
efits of such combined systems over 
purely using fixed or moving laser paths.

The paper proceeds to demonstrate 
the improvement of scanner accura-
cies using laser firing delays based on 
the scanners motion, though this has a 
negative effect on throughput which is 
noted. Another issue that the laser pulse 
separation varies depending on the 
speed of the scan which can result in 
non uniform edges when laser process-
ing is required to repeat ablate over the 
same region. 

The author presents a method for 
dynamic compensation in an adaptive 
CAD/CAM processor which attempts 
to address the scanner's accuracy and 
laser firing repeatability before it is incor-
porated into numerical code presented 
to machine controller. This code gener-
ates the laser firing and motion paths. 
The results do indeed show improved 
accuracy and throughput, though the 
author notes that some experimental 
data is required to be collected from the 
machine setup.

There are methods available in closed 
loop scanners which allow the pulse 
generator onboard  the scanner control-
ler to initiate pulsing at exact positions 
thus eliminating the effects of accumu-
lated pulse offsets.

Though the paper describes the capabil-
ity of the machine to be able to proc-
ess outside the scanners field of view 
it would have been interesting to see 
results where two fields overlap, either 
with machine working in a step and scan 
mode or continuous combined motion.

Cliff Jolliffe  Aerotech

The article by Penchev et. al. is a very 
interesting discussion on the issues 
faced when using lasers in conjunction 
with galvanometers for milling applica-
tions. Although the galvanometers are 
very light there is still an acceleration 
and a deceleration period at the end of 
the travel, which can cause a bunching 
of pulses. Although it has been possi-
ble for the last decade to set Laser On, 
Laser Off and Mark Delays, it is not pos-
sible to completely irradiate this pulse 
bunching, which can have a detrimental 
effect on the flatness of a machined 
surface.

Penchev has discussed a new technique 
that creates a post-processor to remove 
pulse bunching at different speeds and 
laser settings. The results shown appear 

to indicate a  significant improvement 
to the milling capability. However this 
appears to require a significant DOE 
and some high end optical equipment, 
so one would assume it is only for high 
volume – high value products. Even so 
it is a very nice application and it will be 
interesting to see if it becomes a wide 
spread technique over the coming years.

David Gillen  Blueacre Technology

Multiwave Hybrid™ Technology for 
advanced laser material processing
Joe Hillman

The multiwave technology described by 
Hillman seems to deliver an entire library 
of lasers in one device. The examples 
given are effective demonstrations 
of how processes can be optimised 
using different wavelengths for differ-
ent parts of the processes. This itself is 
nothing new – the principles have long 
been understood, what is new is the 
combination of wavelengths into a a 
single device. This is a key step towards 
removing the restrictions of laser avail-
ability when designing laser processes. It 
opens up many possibilities that though 
optimal would normally be dismissed 
due to the associated complexity of mul-
tiwavelength processing, with the shared 
focal plane of particular interest.

As is highlighted the main area that 
would be expected to exploit the mul-
tiwave hybrid device would be process 
development – this would permit a full 
range of wavelengths to be available 
during process development, with final 
products incorporating only what was 
needed to produce the optimised proc-
ess. As ever the usefulness and uptake 
will come down to cost. 

Katy Voisey  University of Nottingham

The fact that the combined wavelengths 
are being delivered through the same 
processing head makes this technol-
ogy highly appealing and suitable in an 
industrial environment. The former need 
to set up multiple process heads intro-
duced a series of challenges in a manu-
facturing environment. If it is applicable 
to many different wavelength combina-
tions, it provides a multitude of oppor-
tunities and benefits where using two 
wavelengths has been shown to give 
better performance than one alone.

continued over ...
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During his keynote presentation at ILAS 
2015, Dr Dirk Petring from Fraunhofer 
ILT commented that fibre lasers are pro-
jected to have a 39% share of the mac-
ro-processing market in 2015, evidence 
that the fibre laser is now a leading tool 
for industrial laser processing. In 2014, 
6,000 lasers at 1kW or higher were sold 
for macro-processing of which 30% 
were fibre lasers; this is expected to 
reach 50 per cent in 2016.

Also speaking at the conference, 
Professor Eckhard Beyer at Fraunhofer 
IWS echoed Petring’s statements, 
saying that ‘solid-state [laser technol-
ogy] is now more important that CO2 
lasers’. Fibre lasers operating at 1μm 
are generally considered faster at cut-
ting thin metals than CO2 lasers, but 
the 10.6 μm wavelength produced by 
CO2 lasers gives a higher quality cut in 
thicker metals.

Trumpf and Amada have both released 
variable beam quality functionality in 
their fibre lasers to improve cutting 
quality, although Petring commented 
that this was only half way to meeting 
the cut quality from CO2 lasers.

Petring presented results from 
Fraunhofer ILT’s simulation work to 
optimise the process parameters when 
cutting with a fibre laser. This is part of 
an EU project called FILCO, which aims 

to build a 1 μm laser head capable of 
cutting 15 mm thick stainless steel with 
a cut quality similar to CO2 systems.

The FILCO beam forming unit has been 
manufactured and put into operation as 
a variable zoom beam expander. The 
results from the simulations show that, 
for thick sections, ring and bull’s-eye 
shaped power density distributions are 
more suitable than Gaussian, and that 
a lower beam quality can be beneficial 
depending on the power distribution.

The FILCO project is a good example 
of developing the science underpin-
ning laser processing, something that 
Professor Stewart Williams at the UK's 
Cranfield University feels there should 
be more of. He commented during the 
ILAS event that ‘all engineering should 
be based on sound scientific principles’ 
and that ‘if we were to apply science to 
laser processing, we’d get better per-
formance’.

The usual method of developing a laser 
process is an engineering one - i.e. trial 
and error to see how a laser source 
performs - rather than a scientific one, 
Williams said. He felt that the ‘black 
art’ of the laser is a barrier to manufac-
turers using the technology.

For more coverage of the ILAS event 
on Laser Systems Europe, visit  
www.lasersystemseurope.com

The benefits that stand out are:

• Its applicability to a wide range 
of laser applications and materi-
als. Cutting composite materials, 
welding reflective metals where the 
absorption generally increases at 
shorter wavelength, and welding 
thin films are just some  
examples.

• The possibility to individually change 
and control laser parameters for 
each laser beam wavelength, ena-
bling parameters’ setup to be tai-
lored for the specific application.

Paola De Bono and Ian Jones  TWI

This is an interesting development, with 
some potentially very interesting indus-
trial applications. I particularly like the 
marking application, as there is often a 
need to have a contrasting colour mark 
with depth engraving as well. CFRP cut-
ting is also interesting, but here there 
are other developments that are produc-
ing high quality cuts with minimal heat 
affected zone. But there may be applica-
tions for which this approach could pro-
vide a lower cost process.

It would have been good to have a 
description of how the dual wavelength 
delivery is achieved, and how this 
impacts on cost. There have been sever-
al attempts at multiple laser delivery that 
I have seen in the past (not necessarily 
different wavelengths though), where 
the economics of multiple laser sources 
had not been truly viable, and this article 
could have touched on some of the eco-
nomics of the approach.

Martin Sharp  Liverpool John Moores 
University

There have always been problems with 
cutting fibre reinforced plastics and this 
looks like a very promising technique 
for improving the quality of the cut edge 
and the productivity of the process.

John Powell  Laser Expertise

Observations continued:

EVENT REVIEW

ILAS 2015
The UK's premier event in Laser Materials Processing

ILAS 2015... if you were there you'll 
know how good it was. If not, where 
were you?!

Feedback at the event and responses 
to our post-symposium questionnaire 
showed that the event was indeed a 
big success. Comments included such 
accolades as "Excellent conference, 
I enjoyed it immensely meeting old 
friends and colleagues", "an extraor-
dinary conference experience, both 
as attendant and as speaker" and "I 
think it has developed a reputation as 
a top quality conference".

So if you missed ILAS 2015 the cov-
erage in this issue might encourage 

you to attend ILAS 2017. A date will 
be confirmed over the summer and 
we will pass on details as soon as we 
have them.

You will have already seen images 
of ILAS 2015 on the magazine front 
cover, with news of the award presen-
tations on pages 2 and 3 and summa-
ries of the two winning manuscripts. 
For the first time we are working with 
SPIE to produce a volume of confer-
ence proceedings in which the win-
ning manuscripts and a selection of 
other papers will feature. The SPIE 
proceedings should be available by 
the end of June.

Fibre lasers now established in industry, say experts at ILAS

Precis of a highlight report by Greg Blackman, Editor of Laser Systems Europe, who 
attended ILAS 2015. 
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A review of ILAS 2015: contributions from session chairs

Continued over

Additive manufacturing was well presented at 
ILAS 2015. With strong representation from 
key university players alongside materials 
development and application driven industrial-
ists. Both AM sessions provided a range of 
technical and commercial content to suit all 
tastes. It is clear that the UK AM activity is 
very much in the pink.

Adam Clare   University of Nottingham

Additive Manufacturing continues to excite 
engineers and the public at large, and lasers 
are a large part of its exploitation in manu-
facturing. The presentations covered differ-
ent angles of AM. Adam Clare presented on 
multi-materials, a significant potential in the 
future of AM. He showed an innovative multi-
material powder development where satellite 
particles are created, but because of IP issues 
left the audience wanting to know how the 
powder is produced! Dirk Havermann showed 
development in the embedding of optical 
fibres, a topic that has been mooted for a 
number of years but now seems to be coming 
to fruition. Carl Hauser showed a number of 
developments that have been used to create 
an impressive helicopter engine housing, with 
excellent surface finish and dimensional prop-
erties, using Laser Metal Deposition in Inconel. 
Shichao Liu and Amanda Field showed some 
of the excellent work done by Birmingham 
University to use AM to create parts in difficult 
to process materials.

Rob Scudamore   TWI Ltd

Paul Goodwin from Laser Cladding 
Technology presented a comprehensive over-
view of the laser cladding process and its use 
in a wide range of industrial applications. Its 
particular use in the oil and gas industry was 
highlighted as well as the development of 
process variations including internal bore clad-
ding, hot wire cladding, etc., each of which 
has niche applications which extend the use 
of laser cladding further.

Prabu Balu from Coherent Inc. presented a 
very interesting paper on the use of direct 
diode cladding to clad copper substrates with 
nickel based alloy coatings. The importance 
of controlled preheating of the substrate was 
highlighted and the effects of the preheat and 
selected laser parameters on the microstruc-
ture of the cladding and extent of the sub-
strate HAZ were presented so as to optimise 
the bonding and microhardness achieved in 
the clad layers

Chris Allen from TWI presented the develop-
ment of a novel coaxially laser assisted (COLA) 
cold spray system. This utilises a laser to heat 
and soften the substrate being coated and 
enables more effective cold spray deposition 
to occur, with resultant improvements in clad 
layer quality and the associated economics of 
the process.   

Mohammed Al-Badani from the MTC present-
ed a very interesting paper highlighting results 
from a comprehensive investigation of the 
effects of powder composition and laser clad-
ding parameters on laser beam reflectivity. The 
results obtained provided a good understand-
ing of a number of phenomena previously 
observed in industrial laser cladding. 

The final presentation in the session was 
made by Abdeslam Mhich of Advanced Laser 
Technology Ltd., who described the progress 
made so far in developing a novel laser clad-
ding technique using a Sol-Gel to deposit 
very thin coatings requiring minimal need for 
subsequent milling or finishing process steps. 
Encouraging increases in surface microhard-
ness have been achieved, although further 
optimisation of the process is still required.

This was a very profitable session on the tech-
nological developments within laser cladding 
and its uses in various industries. However, it 
must be noted, as in previous years, that there 
appears to be very little usage of laser harden-
ing within UK industry, especially when com-
pared with other countries, such as Germany, 
where its use is widespread.

Paul Goodwin – Laser Cladding Technology 

In the ‘Sources and Beam Delivery 1’ session 
John Horsey from BOFA International reviewed 
the UK’s Health and Safety laws and guide-
lines relating to laser generated emissions in 
the workplace as well as the consequences 
on the employer for not implementing them. 
He described the types and harmfulness of 
the various contaminants released in different 
laser processes and a variety of approaches 
used to control them within legal exposure 
limits. Otto Maerten from PRIMES GmbH in 
Germany then described the focal shifts in 
optical components encountered when using 
multikilowatt lasers. He described both the 
theoretical understanding of the effect as well 
as equipment they have developed for the 
quality testing of optics that are susceptible 
to such laser heating. Tony Holt from IPG 
Photonics Corp. in the US summarised the 
wide variety of laser characteristics now avail-
able from fibre lasers - ranging from extremely 
high average powers up to 100 kW to pulsed 
nanosecond and quasi-CW longer pulse 
devices. He described some of the applica-
tions of these lasers for cutting and welding 
and the many advantages offered com-
pared to traditional flashlamp pumped YAG 
lasers. This was followed by Julie Guer from 
Amplitude Systemes in France who summa-
rised a variety of the potential industrial appli-
cations of ultrafast lasers. With characteristics 
of low peripheral damage and high quality for 
material removal, she described how femto 
and picosecond lasers can be used for appli-
cations ranging from manufacturing medical 
devices and repairing displays. In addition she 
mentioned how femtosecond lasers are used 

SOURCES, BEAM DELIVERY AND 
SYSTEM INTEGRATION

ADDITIVE MANUFACTURING

CLADDING AND HARDENING

routinely for flap perforation and segmentation 
in visual correction PRK procedures on the 
cornea of the eye. Finally, Nick Buttenshaw 
from Hamamatsu Photonics UK Ltd. described 
their range of liquid crystal silicon spatial light 
modulators and their use as a programmable 
mirror to introduce spatial phase or ampli-
tude structures on a laser beam. With such 
a device multiple beams can be efficiently 
produced from a single high power laser 
beam which in turn allows material processing 
speeds to dramatically increase by the high 
degree of process parallelism introduced. All 
in all, a very good thought-provoking session 
covering a wide range of topics from health 
and safety to state of the art laser devices, 
beam delivery and diagnostic systems.

Malcolm Gower   Imperial College, London

All presentations given were of a very high 
standard and provided valuable information, 
ideas and vision for the delegates who attend-
ed this session. 

No doubt those who weren't in attendance 
and will get to download the presentations 
later will also agree.

From advanced laser safety to award winning 
AM technology mixed in with ground break-
ing dual camera beam wait analysis tools to 
ensure the best performance in laser proc-
esses no one left this session 'wanting'.  

Delegates got a further glimpse into the future 
by peering down a Hollow-Core negative cur-
vature fibre for what could be the next genera-
tion beam delivery fibres for Ultrashort high 
peak power fibre deliverable lasers.

Industry visitors who were in attendance  got 
to grips with how rapidly the world of IR non 
C02 lasers are dominating manufacturing and 
the benefits that are being experienced in 
processes and efficiency. 

To conclude the session; like a well trained 
aerobatic 'Jet Jock' we were impressed by 
one individual who instead of taking the old 
faithful PowerPoint approach wowed us with 
the flips and spins of 'Prezi', needless to say 
no one dozed off at this point. 

In this session we witnessed first hand the 
amazing accomplishment of a UK based 
SME who was awarded the highest accolade 
globally for additive manufacturing achieve-
ment ever. See -  http://www.additive-award.
com   Testament to the standard and calibre of 
presenters that ILAS attracts for the benefit of 
industry.

Stan Wilford   IPG Photonics

The macro cutting and drilling session got off 
to an excellent start with an invited talk from 
the world’s top expert on laser cutting, Dr 
Dirk Petring from Fraunhofer ILT in Aachen. 
Dirk gave us an overview of CALCUT model-
ling and experimental results which examined 
the interactions involved in laser cutting. 
This included some remarkable correlations 
between the model and the cut edge quality. 

MACRO CUTTING AND DRILLING
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The truly international nature of the ILAS con-
ference was highlighted by the fact that, after 
this opening talk from Germany, the second 
talk was by Joe Hillman from Universal Laser 
Systems in the U.S. Joe gave us a talk about 
cutting with 1 and 10 micron lasers simulta-
neously. This is a very useful technique for 
cutting materials which absorb poorly at one 
wavelength and well at another. For example 
Carbon Fibre reinforced plastic can be cut 
very effectively by a combined wavelength 
beam. The 10 micron CO2 beam ablates the 
polymer matrix and the 1 micon beam evapo-
rates the carbon fibres. Following this talk 
Andreas Wetzig from Fraunhofer IWS Dresden 
gave a very interesting talk about remote cut-
ting illustrated with excellent videos of the 
process in action. At thin section the process 
is so fast that the videoes are only a second 
or so long! Next up was Paul Hilton from TWI 
who gave us a talk about laser cutting as a 
nuclear energy decommissioning tool. Once 
again this talk was illustrated with very inpres-
sive videos of underwater cutting and the 
chopping up of nuclear waste skips. Surface 
grinding of the chopped parts results in a few 
kilos of radioactive dust and a pile of items 
which can be recycled as normal steel. The 
session was rounded off by an interesting talk 
from Paul French of Liverpool John Moores 
University who explained the intricacies of 
using lasers in the surface preparation of fibre 
reinforced plastics for subsequent adhesive 
joining.

John Powell   Laser Expertise

The papers in this session included pulsed 
laser deposition and LIFT; also a novel 
approach to laser micro-machining called 
scanned mask imaging.  More standard laser 
micro-machining applications were also dis-
cussed, providing an overall varied and inter-
esting session.

The session kicked off with an excellent invit-
ed talk from Rob Eason of the University of 
Southampton, who was speaking on the topic 
of “lasers for making lasers”.  He described 
work in which pulsed laser deposition has 
been developed to manufacture high quality 
thin film doped crystalline structures and their 
application as laser devices.  Dimitris Karnakis 
from Oxford Lasers then discussed a range 
of different micro-machining, surface structur-
ing and deposition techniques, and described 
how these are applied in a number of applica-
tions.  Joerg Schille from Mittweida University 
provided a clear insight to the issue of pico-
second versus femtosecond lasers, demon-
strating that for some applications, there is a 
clear advantage in using femtosecond pulses.  
Finally, a new technique called scanned mask 
imaging was introduced by Phil Rumsby of 
M-Solv.  This process combines a scanner 
and a photomask to provide very high quality 
micromachining.

Duncan Hand   Heriot-Watt University

The session kicked off with a presentation 
from Tony Hoult from IPG Photonics who dis-
cussed the capabilities of micro-welding with 
the new generation of qcw-fibre lasers from 
IPG. These lasers are capable of operating in 
a variety of modes including continuous and 
modulated where the peak power is 10x the 
average power. This flexibility provides several 
welding modes which were illustrated. This 
includes narrow keyhole welds in continuous 
mode, relatively large spot welds using long 
(ms) pulse durations and narrow pulsed key-
hole welds with short pulses (~150 μs). It was 
stated that these welding modes are suitable 
for many micro-welding applications such as 
for medical devices, batteries and in the jew-
ellery industry.

The next paper was presented by Wojciech 
Suder from Cranfield University and con-
cerned welding at the other end of the spec-
trum – namely very thick laser hybrid welds 
for pipelines. The presenter highlighted a 
study that he carried out into how to control 
filler metal mixing in these welds up to 15 
mm deep. It was shown that under many 
conditions incomplete mixing of the filler wire 
throughout the depth of the weld can occur. 
This leads to the lower part of the weld hav-
ing poor properties such as high hardness. It 
was shown that the mixing can be effectively 
controlled by adjusting either the laser or arc 
power correctly. Under optimum conditions 
the filler wire is distributed uniformly through-
out the whole depth of the weld leading to 
very good mechanical properties. 

There was another change of topic in the fol-
lowing paper presented by Goncalo Pardal, 
also from Cranfield University. The topic here 
was high deposition rate additive manufacture 
and a new method was shown using a laser 
and an arc source combined with a cold wire. 
It was shown that the deposition rate could 
be increased from 3 kg/hr with the GMAW in 
its own to just over 6 kg/hr by the addition 
of cold wire. Through the addition of 4 kW of 
laser power the cold wire feed rate could be 
increased further so that a deposition rate of 
more than 9 kg/hr was achieved. The laser 
was also very beneficial in controlling the 
overall heat of the process and also the dilu-
tion into the substrate.

The final paper in this session provide a fur-
ther change of topic - this time to welding of 
transparent glasses to each other and joining 
of glass to metal.  This highly innovative topic 
was present by Jianyong Chen from Heriot 
Watt University. The technique works by using 
an ultrafast laser to generate plasma through 
non-linear absorption in a region just below 
the surface of interface between the materi-
als. The plasma breaks through the interface 
and forces material from side across the 
interface into the other material - thus forming 
the joint. Shear strengths for the joints were 
presented and these were very high com-
pared to glues. The main issues highlighted 
are that very accurate joint preparation is 

required and problems with residual stresses 
need to be managed. A range of material 
combinations were successfully joined includ-
ing various different glass to glass, glass to 
metals (aluminium and stainless steel) and 
glass to silicon.

Stewart Williams  Cranfield University 

The final welding session of the day, Welding 
3, confirmed the old adage "Last but not 
least".

Stewart Williams from Cranfield University 
presented new developments on their 'Power 
Factor' approach to putting the science back 
in to laser materials processing, helping to 
transfer conditions developed by one user 
on one system to another on another. This 
approach, proven for laser welding, is now 
being pushed out by Cranfield to other LMP 
activities, including additive manufacture.

For new capabilities, a novel prototype 
coaxial processing head was presented by 
Alexander Gatej of Precitec, with an optical 
design permitting the introduction of a wire 
feed (e.g. for brazing) down the centre of 
a 'doughnut' shaped beam. Aside from its 
novelty, results were presented demonstrating 
that any 'shadowing' of parts of the incident 
beam experienced during conventional off-
axis feeding were greatly reduced or elimi-
nated, leading to an increase in either brazing 
speeds or joint strengths.

Amongst some slides of Jaguar and Land 
Rover cars that made a lot of the audience 
drool with envy, a 'real life' industrial applica-
tion of aluminium alloy laser beam welding for 
tailgate welding was put forward by Matthew 
Gibson of JLR. Interestingly, two laser proc-
esses were combined in a single production 
station, in the form of Q-switched Nd:YAG 
laser surfacing cleaning, followed by cw disk 
laser seam welding. 

Paola de Bono from TWI presented a second 
set of applications including aluminium, in 
the form of fine scale laser welding of stacks 
of thin aluminium or copper foils, for flexible 
electrical connections of relevance to the 
battery industry. In spite of the combination 
of high power density and very thin materi-
als, good quality welds could be made in a 
number of cases, by the adoption of appro-
priate scanning pattern, for stacks of up to 
thirty foils.

The day concluded with a potential solu-
tion to the bane of most welders, successful 
fusion joining of aluminium to steel, was pre-
sented by Sonia Meco, also from Cranfield. 
This consisted of an approach demonstrated 
previously, that of using a defocused beam 
to heat the steel up enough to melt, and 
self-braze, the adjacent aluminium on to it, 
albeit this time applied to a T joint configura-
tion, of interest for the lightweighting of ship 
structures." 

Chris Allen   TWI

PRECISION FABRICATION

WELDING
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This session explored progress from sev-
eral international partners in the LASHARE 
project funded by the EC Framework 
Programme 7, FP7.

Launched in September 2013, this 4 
year project brings together 6 research 
institutes working with more than 30 
SME's across the EU. Led by Fraunhofer 
ILT, LASHARE has competitive calls for 
project funding and there are currently 
14 live projects with a second call just 
closed looking to fund up to 12 more.  
Each project is about laser-based equip-
ment assessment, with a view to helping 
innovate manufacturing technologies get 
to market more quickly through thorough 
de-risking and feasibility studies. 

The project is also helping connect the 
SME's to large end users, which should 
help embed them in the supply chain. 

Ulrich Thombansen, Fraunhofer ILT set 
the scene for the whole project and 
touched on a number of the 14 projects 
not present in the session. This webpage 
gives a link to each of the projects:  http://
www.lashare.eu/en/lea.html

John Powell, Laser Expertise Ltd gave a 
typically frank and balanced view on the 
pros and cons of laser cutting of metal-
lic plates using a multi-wavelenght direct 
diode laser source, identifying a key niche 
where it provides a low-cost alternative, 
whilst giving good quality cuts on a range 
of materials, albeit at modest thicknesses.

Then we heard from Pablo Romero from 
AIMEN on Plug-in laser diode module for 
warm sheet metal forming.  This technol-
ogy and Pablo's video gave convincingly 
impressive performance advantage over 
cold techniques. 

Patterning complex, large, 3D parts was 
considered by Rafael Cano from Rofin 
Baasel Espana, again showing excellent 
results in a short space of time, with a 
mechanical-optical system allowing con-
sistent processing over curved and com-
plex surfaces.

Finally Pablo Romero returned to tell us 
about high speed defect detection and 
classification using mid IR images. Whilst 
the images themselves did not give clear 
evidence to the naked eye, detailed work 
had correlated defects with very specific 
analysis of the modest 32x32 pixels, 
resulting in consistent defect detection 
and classification at the highs speeds 
envisioned in the project.

Overall, the LASHARE project is achieving 
its aims of rapid de-risking and thorough 
proving of novel technologies to allow 
more rapid uptake in the market. 

Each speaker represented a project team 
which included a range of partners, for full 
details please visit www.lashare.eu

Simon Andrews   Fraunhofer UK

Notwithstanding the early afternoon start 
time, this session was fairly well attended. 
It began with a talk by Lynne McGregor 
from Innovate UK. She described the 
breadth of activities being supported by 
Innovate UK but placed emphasis on the 
High Value Manufacturing strategy. In 
2015, a 'strategy refresh' will be under-
taken. 

Ian Tracy and Louise Jones from the 
Knowledge Transfer Network described 
how the Network can assist companies in 
trying to find the best schemes and sup-
port for their business activities. Also dis-
cussed was how the Network could assist 
in moving a technology (such as lasers) 
forward, in terms of introducing it to new 
potential end users. 

Ric Allott from STFC Rutherford Appleton 
Laboratory described, by way of a case 
study, how innovation at STFC's labora-
tory has been successfully exploited by 
forming a spin off company that makes 
spectroscopic testing equipment for air-
port security, identifying the composition 
of liquids without removing them from their 
containers. 

The session ended with Duncan Hand 
from Heriot Watt University, describing 
progress in establishing a national strat-
egy for laser-based manufacturing. All 
the speakers stimulated interesting and 
sometimes provocative questions from the 
audience.
Paul Hilton   TWI

Wednesday morning's Micro and Nano 
Processing Session kicked-off with at least 
one sore head from the night before and a 
presentation by Mark Thompson of Photonic 
Solutions plc, who gave an overview of 
ultrafast laser processing with a particular 
focus on machining transparent materi-
als. This was followed by a presentation 
from Jinglei Ouyang's (a PhD student at 
University of Liverpool) on the advantages of 
using cylindrical vector beams for process-
ing with picosecond laser sources. 

Colin Moorhouse of Oxford Lasers Ltd pre-
sented on the influence of laser pulse dura-
tion and beam shaping techniques on laser 
patterning of novel thin film layers for flexible 
electronic devices. The manuscript Colin 
and his colleagues submitted was one of 
the prize winners at ILAS, emphasising the 
calibre of the work reported and its industrial 
significance. 

Paul Apte, the owner of Rideo Systems Ltd, 
covered machining of 'difficult' materials 
using pulsed UV Excimer, picosecond and 
femtosecond laser sources. 

To complete the session Lin Li, The 
University of Manchester, delivered a com-
prehensive presentation on the benefits of 
nanoparticles for antibacterial applications, 
and the research being performed by Lin 

and his team to develop laser-generated 
nano-materials for killing drug resistant 
bacteria; an excellent topic to complete the 
session and subdue a few appetites before 
lunch.

Jon Blackburn  TWI Ltd.

The first paper in this second session was 
presented by Tara Murphy of SPI Lasers. 
It showed the latest findings on marking 
and controlling black anneal surface marks 
on stainless steel and other alloys when 
using SPI fibre lasers. Parameter combina-
tions were considered and the key proc-
ess parameters were identified. The paper 
revealed that fibre lasers are a viable means 
to produce permanent marks on metal.

Adam Rosowski (Liverpool John Moores 
University) described the new idea of using 
IR nanosecond lasers and induced plasma 
for the processing of polymers with a view 
to altering the wettability characteristics. 
Surfaces were produced that presented 
more hydrophobic and hydrophilic character-
istics than can otherwise be achieved.

Duong Ta from Heriot Watt University pre-
sented the technique of using nanosecond 
lasers to produce laser patterned sur-
faces on stainless steel, copper and brass. 
Wettability was seen to change markedly 
over time after processing and potential 
industrial applications were explored.

Deb Bhaduri (University of Birmingham) 
showed that the surface integrity of 3-D 
printed stainless steel parts was improved 
by laser polishing. From understanding of 
the key parameters a technology base was 
developed and actual metal parts were pol-
ished to levels not achievable with current 
non laser-based processes.

Martin Sharp (Liverpool John Moores 
University) described how a 20 W ns pulsed 
laser was used to create a more hydropho-
bic surface on aluminium. The study went 
further and examined key operating param-
eters with a view to developing an industrial 
process with a 800 W DPSS laser to achieve 
greater coverage rates.

David Waugh (University of Chester) showed 
how a 60 W CO2 laser and a 100 W fibre 
laser were used to modify the surface of 
polyamide (nylon 6,6) to produce a biomi-
metic surface capable of supporting stem cell 
attachment and proliferation. Surface analy-
sis techniques and biological procedures 
showed that laser modified surfaces could 
support MSC development, opening up the 
possibility of using nylon 6,6 as an inexpen-
sive and readily processed platform for stem 
cell developments.

Jonathan Lawrence   University of Chester

LASHARE REVIEW FUNDING OPPORTUNITIES 

MICRO & NANO PROCESSING

SURFACE MARKING & FUNCTIONALITY

Presentation slides are available for download: Free to attendees, otherwise for purchase from the AILU office
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One of the skills I had to learn from 
scratch when I became AILU secretary 
was desk top publishing and I must say 
that completing an issue of the magazine 
and then leafing through a copy fresh 
from the printers has always given me 
great satisfaction. The march of progress 
sweeps us along but the discipline of 
stopping to assess where we are and 
commit it to pages in the magazine is 
vitally important in that it puts a quarterly 
marker in the ground so that, looking over 
back issues with the benefits of hindsight 
we can appreciate progress made more 
objectively. I could never have envisaged 
in 1995 just how important and time con-
suming this activity would be. 

The British Library gets (and preserves) 
a copy, I know that some AILU members 
keep their copies too, and certainly when 
I depart from the AILU office in October 
I will take with me a set of the 77 issued 
(as it will be by then) and I will take great 
pride in showing the collection to any 
unfortunate who shows even the slightest 
interest!

The collection tells a remarkable story of 
industrial laser technology and applica-
tions and especially of the UK industrial 
laser community. In this regard, the ILAS 
2015 reports in this issue highlight where 
we now are in terms of technology, beam 
delivery and applications. I hope you read 
these pages (starting on page 32) and are 
filled with optimism and enthusiasm!   

Apart for its extended ILAS 2015 cover-
age this issue is important for the AGM 
news (see page 1) of the new AILU offic-
ers. Ric, Lin and Dave are, in their dif-
ferent ways, especially well suited to the 
task of bringing more industrial users into 
AILU and they have already declared this 
as their principal goal. Their success is 
important not only to AILU but also to the 
successful development of a UK strategy 
in laser materials processing.

So, what with the big news from the AGM 
on page 1 and review of ILAS 2015 start-
ing on page 32, not to mention the excel-
lent material in between, this is surely a 
collectors issue! 

Mike Green, Editor
mike@ailu.org.uk
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AILU events 
September 2015
22 Successful industrial weld-

ing: techniques and applica-
tions with laser and electron 
beam
TWI, Cambridge

October 2015
14  Annual Job Shop Business 

Meeting
Mazak, Worcester

AILU-supported events
June 2015
22 Lasers in Manufacturing - 

LiM 2015 (22-25) 
Munich, Germany

October 2015
18 ICALEO (18-22)

Atlanta, USA

November 2015
4 Advanced Engineering UK 

(4-5) 
NEC, Birmingham

Full information on events can be 
found at www.ailu.org.uk/events
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