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The AILU objectives
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 
technologies.

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

AILU membership is a valuable source 
of information concerning laser technol-
ogy 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 
provided by members for members.

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

• Regular meetings, including 
members-only meetings and open 
workshops e.g. where key areas of 
technology are open for discussion.

 • Access to the members' area of 
the web site with lots of technical 
articles plus frequently asked ques-
tions, current laser safety and per-
formance standards etc.

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

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

AILU membership is challenging the laws of 
physics - well it certainly appears that way 
for me! I am not only referring to the enter-
taining magic tricks performed by our sec-
retary Mike Green at a recent event, where 
his illusions held many spell bound;  AILU 
to me is an organization that you get more 
out of than you put in. It is truly an amazing 
group to be a member of.

I reflected on the words of Dr. Petring, a 
world renowned Laser Physicist at the recent ILAS 2013 conference, where he com-
mented on the quality of the articles and subjects covered in the magazine. I can’t 
agree more with this – the topics are current, always well-presented and profession-
ally reviewed. For a nominal annual membership fee, the world of laser processing is 
at your fingertips or more aptly the Click of a Mouse. The website is a great source 
of ‘what’s hot and what’s not’, the ‘who’s who’ and the ‘what’s happening and 
where’. This is all valuable information to any serious laser user who needs to keep 
abreast of the latest news in these times of rapid technology changes.

The AILU souls behind the scenes are all dedicated, passionate individuals who 
share the same aspirations of success for the UK Laser Industry. It’s evident in every 
aspect of the association’s products and services and testament to a successful 
working team. I value our membership to this respected organisation and highly rec-
ommend it.

Stan Wilford 
Sales and Marketing Executive, IPG Photonics UK.

What does AILU membership mean to me?

The cover photo shows laser profiled latex 
clothing. The article on p 13 describes the 
evolution of a technique and the creative step 
than opened up a new market for a laser job 
shop. Also in this issue is a summary of laser 
techniques for glass cutting (p 11) and the laser 
processing of composites (26); each material 
presenting a very different challenges to the 
laser.

Group subscription to the e-Magazine

For only £100 a year Corporate mem-
bers can take out a group subscription 
so that everyone in their organisation 
can access the magazine at any time.

Contact liz@ailu.org.uk for further details 
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AILU took the plunge in 2012 to support 
its supplier members by taking a pavil-
ion stand at the Machine Technologies 
Association’s biennial, week long show-
case for the UK’s manufacturing indus-
try, MACH. The result was very positive; 
see our 2012 survey analysis: 

Question Yes

Was it worth having a stand at 
MACH? (see Note 1)

83%

Would you consider taking a stand 
at MACH 2014? (see Note 2)

75%

Was being part of the AILU pavilion 
an advantage? (see Note 3)

92%

There is a full page advert for the AILU 
pavilion on page 34 and the AILU 
office is open to suggestions of how to 
optimise the benefits of member par-

ASSOCIATION NEWS

I can still remember, many years ago, 
attending a meeting at the DTI offices in 
Victoria Street, hosted by Gerry Miles, 
with the objective of establishing a 
platform for laser materials processing 
in the UK. In 1995, out of these discus-
sions, AILU was born. At that meeting 
were such notables as Bill Steen, Tim 
Weedon and Malcolm Gower, all of 
whom went on to be elected Presidents 
of the Association. 

Up until June this year, I have had the 
honour to be part of the organising 
committee, working with the above and 
many other committee members, who, 
over the years, have given their time to 
forward the objectives of AILU. Before 
writing this piece I reminded myself of 
these objectives, which include ‘the fos-
tering of co-operation and collaboration 
and the dissemination of information, 
experience and expertise relating to 
industrial laser technology, laser materi-
als processing; its applications and relat-
ed technologies’. What is clear to me, 18 
years on, is how well the Association has 
performed in meeting these objectives. 
Personally, I have particularly enjoyed 
attending and organizing the many and 
various events that have taken place and 
the emergence of ILAS as a sustainable 
and worthwhile UK conference on laser 
materials processing. 

The reason I stood down this year as an 
AILU committee member, is because I 
have been elected as Chairman of the 
governing body of ELI, The European 
Laser Institute. For those of you who do 
not know about ELI, it was formed just 
over 10 years ago, as an output arising 

from an EC 
supported 
project 
related to 
technology 
transfer in 
laser materi-
als process-
ing. ELI has 
members 
from 12 
European countries (only two in the 
UK) and one of its main objectives is 
to enhance the internationally lead-
ing position of European industry and 
research in the field of laser technology 
and photonics. ELI also co-sponsors 
and organises the European Laser 
Innovation Award; see www.innovation-
award-laser.org/index.html. I have 
served on the jury for this on three 
occasions in the past and I think I am 
right in saying that to date, there has 
only been one UK based submission 
for the prize of 10,000 Euros. During 
my period as Chairman of ELI, I would 
really like to see more applications from 
the UK for this award!

I am sure that the current AILU 
President, Neil Main and his committee 
and Secretary, will continue to maintain 
and hopefully grow, the AILU member-
ship and its activities over the coming 
years and I wish them the best of luck 
in this endeavour.

Paul Hilton 
E: paul.hilton@twi.co.uk

Photo shows Paul with David Willetts, 
Minister for Universities and Science, taken 
at TWI during his recent visit

TSB ‘lasers in manufacturing’ call
The ESP KTN (Electronics, Sensors and 
Photonics Knowledge Transfer Network) 
have been delighted with the support 
they have received in preparation for a 
call expected in the Autumn, for feasibil-
ity studies for new ways of deploying 
lasers in manufacturing. 

Over 90 AILU members and users of the 
AILU web site expressed support in the 
KTN’s on-line survey and over 20 of our 
members volunteered provide suitable 
material and to take part in the prepara-
tion of a 5 minute video to promote the 
‘lasers in manufacturing’ message.

Contact: Mike Green 
E: mike@ailu.org.uk

UK Photonics Leadership Group 
At a meeting in London on 8 May 2013 
the PLG voted Dr Christopher Dorman, 
of Coherent Scotland to act as Chairman 
and Dr John Lincoln of Harlin Ltd as 
Chief Executive. 

There are over ~70,000 people directly 
employed in UK photonics manufactur-
ing in an industry worth £10.5 billion to 
the UK economy and continuing to grow 
at 8-10% annually. UK photonics manu-
facturers export an estimated 75% of 
their output. 

One of the PLG’s current activities is 
the preparation of a SWOT analysis 
on industrial photonics, building on 
the AILU report of the UK Materials 
Processing Strategy Workshop, Farnham 
Castle, 21 & 22 February 2012.
Contact: John Lincoln 
E: John.lincoln@harlinltd.co.uk

Innovation Award in Laser Technology
The Innovation Award Laser Technology 
is a European research prize awarded 
at 2-yearly intervals by the association 
Arbeitskreis Lasertechnik e.V. and the 
European Laser Institute ELI. 

The work must centre on the technology 
and use of lasers for materials process-
ing and must demonstrate commercial 
value to industry. 

For full details: www.innovation-award-
laser.org/objectives.html

Paul retires from AILU committee

WELCOME TO NEW  
CORPORATE MEMBERS

ERLAS Erlanger 
Lasertechnik GmbH

Alexander Binzel UK Ltd

ticipation. The size and activity of the 
AILU pavilion should surely reflect the 
dynamic UK activity in laser materials 
processing and its importance to UK 
manufacturing.

A couple of quotes from MACH 2012 
reflecting the positive survey response:

‘... We made good use of the extra space in 
the AILU lounge for meetings which involved 
several companies. Also, there was good 
interaction between pavilion stand holders, 
including passing on enquiries to other exhibi-
tors in the AILU group if unable to help.’
John Cocker, Laser Trader
‘... New contacts, people looking at competi-
tors or just looking at lasers for the first time, 
definitely made it advantageous to be part of 
the AILU pavilion.’ 
Andy Toms, TLM Laser

Details of MTC contacts on page 34

AILU Pavillion at MACH
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Company expansions
MSS Lasers doubles the size of HQ

Following the opening of its new show-
room in 2010, MSS Lasers has recently 
doubled the size of its Rugby headquar-
ters to 32,000 sq ft to cope with increas-
ing demand for its nitrogen generation 
modules and pre-owned laser cutting 
machines. 

Managing Director, Carlos Gonzalez-Lee, 
says “The new facility has been pur-
chased rather than leased as a sign of 
our long-term commitment to the indus-
try. As well as giving us extra capacity 
to refurbish machines and build nitrogen 
generators it will improve both the oper-
ational efficiency and communication 
channels within the company by having 
everything under one roof.”

As part of the expansion programme 
Brian Harper has joined the company 
as the new Technical Director. He is well 
known within the industry and will be 
responsible for all aspects of after sales 
support. 

Contact: Carlos Gonzalez-Lee 
E: carlos@mss-lasers.com 
W: www.mss-lasers.com

New centre of excellence in France

Cepelec of Grenoble - France, a key dis-
tributor of Purex fume extraction equip-
ment have just opened their new Centre 
of Excellence in Saint-Egrève. Within the 
new 6,000 ft2 centre Cepelec will pro-
vide training courses to customers, hold 
demonstrations of equipment and hold 
more stock for shipping in and around 
France. Cepelec also provide a fume 
analysis service to measure particulate 
and VOC content. With this information 
Cepelec can propose the best technical 
and economical solution to capture and 
filter hazardous fumes and dust.

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

LVD establish subsidiary in India
LVD, a leading manu-
facturer of sheet met-
alworking equipment 
has established LVD-
Strippit India Pvt Ltd, 
a dedicated sales and 
service subsidiary, in Bangalore, India.

This follows the successful joint venture 
of Magal Engineering and LVD India in 
2008 and capitalises on the extensive 
market knowledge of each organisation 
to maximise coverage and ensure strong 
localised sales and service support for a 
growing customer base. 

The new sales and service subsidiary will 
include a 800 square metre Technology, 
Demonstration and Training Centre in 
Bangalore and an increase in staff-
ing levels to address the metalworking 
needs of fabricating shops in North, 
East, South and West India with satel-
lite offices located in Delhi, Pune and 
Chennai.

Contact: Chris Phillips 
E: c.phillips@lvduk.com 
W: www.lvdpullmax.co.uk

Sales
Successful event for Bystronic

Bystronic UK hosted a successful 
Innovation 2013 event at their Coventry 
showroom with over 80 visitors. The 
event ran for 3 days and focused on 
the launch of their latest C02 laser, 
the ByAutonom and the latest BySoft 
7 software. Bystronic also included 
guest speakers on finance, with the 
Manufacturing Advisory Service giving 
up to date information and advice on 
grants and representatives from AILU 
who described the services provided to 
laser users by the association.

David Larcombe, Bystronic UK’s 
Managing Director thanked the many 
customers that attended the 3 day semi-
nars for their support and also the time 
given freely by the guest speakers. 

“The Launch of the new ByAutonom 
Laser was well received with 5 orders 
placed for the machine in the UK to 
date”.

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

Purex solve laser fume issue for Avon
Purex International Ltd has installed 
seven of their Alpha - laser fume extrac-
tors onto coding lasers at the Avon 
manufacturing plant in the Philippines.

Rotherham based Purex International 
Ltd manufacture a wide range of equip-
ment to extract hazardous fumes and 
dust from varied applications such as 
hand and reflow/wave soldering, laser 
coding & engraving, printing, welding 
and many others.

Avon is one of the world’s largest direct 
sellers and is a leading beauty company 
with more than $11 billion in annual rev-
enue. Their manufacturing facility in the 
Philippines was to install several coding 
lasers to mark plastic containers with 
3 lines of alphanumeric characters but 
Avon identified several issues with the 
fumes that would be generated from the 
laser process. 

Laser coders actually burn and melt a 
material when they make a mark pro-
ducing a fume. Apart from laser beam 
distortion as it passes through the fumes 
(causing poor marking) and damage to 
sensors and the laser lens (which can be 
expensive to replace) these fumes often 
generate unpleasant odours and can be 
hazardous to people if they inhale them.

With the delivery of the Purex Alpha 
400 fume extractors, Avon now com-
plies with Environmental Standard 
Certification. 
Contact: Jon Young  
E: jon.young@purexltd.co.uk 
W: www.purexltd.co.uk

Business info
Laserdyne Presentation 
Prima Power 
Laserdyne, a world 
leader in precision 
multi-axis laser 
machining systems, 
has made acces-
sible to all its initial 
report on the use of fibre lasers for hole 
drilling. The presentation summarizes 
fibre laser drilling development and 
experiments conducted over the past 
two years by in Champlin, Minnesota. 

The 45-minute presentation on the 
Laserdyne website details the results of 
tests when employing a fibre laser for 
laser drilling of holes that previously had 
been only drilled with an Nd:YAG laser. 
It gives visual and technical examples 
of the outcomes of fibre lasers for both 
trepan drilling and percussion drilling. 

Contact: Mark Barry 
E: mark.barry@primapower.com 
W: www.laserdyneprima.com 



3The Laser User       Issue 70, Summer 2013

BUSINESS

Fighting youth unemployment
TRUMPF has a worldwide commitment 
to develop education projects, supplying 
teaching materials and supporting stu-
dents with grants and scholarships. 

In the UK TRUMPF does all it can to 
capture the imagination of tomorrow’s 
engineers. It works closely with the 
education establishment and remains 
a staunch supporter of the mod-
ern apprenticeship training scheme.  
Currently TRUMPF UK employs six engi-
neering apprentices.
Contact: Gerry Jones 
E: g.jones@uk.trumpf.com 
W: www.trumpf.com 

FOBA goes online with new website
At www.fobalaser.
com FOBA’s new 
website offers a user-
friendly menu struc-
ture and an intuitive 
navigation. All desired 
information can be 
accessed simply and quickly. A special 
focus has been put on the possibility to 
directly get in contact with FOBA from 
any page and sub-page of the website. 

In addition to the basics of marking 
and engraving with lasers, users can 
also obtain information on the various 
procedures for laser materials process-
ing, industry-specific application details 
and the solutions and services the laser 
manufacturer offers. 

Contact: Tony Dain 
E: tony@tlm-laser.com 
W: www.tlm-laser.com/

National Photonics White Paper 
Mark Taggart, Laser Mechanisms’ 
President and acting Chair of the 
Advanced Manufacturing Subcommittee 
- National Photonics Initiative (NPI), pre-
sented a White Paper on 28 February in 
Washington D.C, USA, which advocated 
laser-driven manufacturing. 

The Advanced Manufacturing 
Subcommittee was joined by four other 
groups discussing the growing usage of 
lasers in health, communications, energy, 
manufacturing and defence during the 
day-long National Academies’ program. 
As a result the National Photonics 
Initiative will present a single document 
supported by the laser and photonics 
community to the Obama Administration. 
The document can be downloaded at: 
www.lightourfuture.org

“It was an 
honour to 
represent the 
laser industry 
in Washington, 
and I hope our 
subcommit-
tee’s efforts 
will provide a 
positive impact 
on the mar-
ket, workforce 
and research 
challenges we all face,” said Laser 
Mechanisms’ President Mark Taggart.

Contact: Arvi Ramaswami 
E: arvi@lasermech.be 
W: lasermech.com

Laser Mechanisms and Vinyl 
Technologies settle trademark dispute
Laser Mechanisms, 
Inc. have settled 
their six-month 
trademark dis-
pute against Vinyl 
Technologies. 
The charges stem 
from Vinyl Technologies’ use of the mark 
FibreCut in connection with selling com-
plete laser systems, which were alleged 
to be likely to cause confusion with the 
FibreCut trademark used by Laser Mech 
since 2009 in connection with its well-
known laser processing heads.
Contact: Arvi Ramaswami 
E: arvi@lasermech.be 
W: www.lasermech.com 

Barrett’s tubes division website
Barrett Steel Group has recently 
launched a website aimed at customers 
of its Tubes Division. The new website, 
www.barretttubes.com, complements the 
Group website, www.barrettsteel.com.

The new website has been launched 
to offer a source of information about 
the division for customers nationwide. 
The Tubes Division offers a dedicated 
service to a wide range of industries, 
including agricultural, vehicular, yellow 
goods, architectural and offshore. It 
has a comprehensive stock range and 
specialist facilities such as laser cutting 
and profiling equipment. The division 
has the flexibility to deal with projects at 
the prototyping stage as well as provid-
ing an optimum service during volume 
production.”

Formed in 1992 the Division supplies 
large structural hollow sections and 
stores extensive stocks of hot finished 
and cold formed hollow sections, pre-
cision ERW tubes and 1.4003 utility 
stainless steel. It includes the Barrett 
Offshore Tubes business, which was set 
up in 2012 to provide a dedicated and 
flexible service to the offshore market for 
oil, gas and renewable energy resources.

The Division’s processing capability 
enables the company to provide value-
added services such as sawing, ring roll-
ing, tube bending, fast tapping, counter-
sinking, shot blasting and priming. Over 
£440,000 has also been invested in tube 
manipulation equipment.

Technological capability includes a 
multi-million pound Jumbo laser cutting 
machine. The largest machine of its kind 
in the country it offers an alternative to 
traditional cutting methods in terms of 
speed, consistency, precision and cost 
effectiveness.

The Barrett Offshore Tubes service 
centre in Scunthorpe houses one of the 
Division’s tube laser profiling machines, 
part of a £1.6M investment, used for the 
storage and distribution of hot formed 
and seamless material. Stocked grades 
comprise G13+N, G15+N and API X52, 
in addition to S355J2H to cater for the 
needs of offshore fabricators.

In-house capabilities also include exper-
tise in laser profiling large circular hollow 
sections, such as scalloping and weld 
preparations. 

Contact: Simon Dale  
E: simon.dale@barrett-precision.co.uk  
W: www.barrettsteel.com

On May 10, 2013 the spire for the One World 
Trade Center, which reaches 1,776 feet, was 
permanently installed in New York City. The forty-
feet of the spire and pinnacle of the new building 
was made by Kammetal, an architectural and 
ornamental metal fabricator based in Brooklyn, 
NY. They used their TruLaser 1030 to laser cut the 
stainless steel structure. 

Shortly after production of the spire began in 
October 2012, Kammetal was flooded by Hurricane 
Sandy, which severely damaged its facility and 
fabricating equipment, including the TruLaser 1030. 
As the company recovered, TRUMPF temporarily 
provided a new TruLaser 1030 to assist Kammetal 
to maintain daily production and finish fabrication of 
the spire.
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SPI’s new pulsed and CW fibre lasers 
SPI Lasers has launched a new range of 
pulsed fibre lasers designed for industrial 
marking and micro-machining applica-
tions. The range is based on its success-
ful redENERGY G4 product platform. 

The new EP series of 20 W pulsed lasers 
offer significantly extended perform-
ance over SPI’s existing products ad are 
claimed to be the most versatile fibre 
laser sources in the market, with 40 opti-
mized pulse waveforms in the 3-500ns 
range, together with enhanced pulse 
energy and peak power performance. 
This offers users unrivalled flexibility for 
process optimisation. The lasers are 
available in 3 different beam qualities 
from single mode to low moded (M2 ~2). 

For faster processing SPI has a new 
range of high power pulsed fibre lasers. 
The range features a single moded 50 W 
source, 0.7mJ max pulse energy and 
>9 kW peak power, targeted at micro 
cutting, scribing, deep engraving and 
micro-machining. There is also a 70 W 
high moded 1.25mJ max pulse energy 
and >20 kW peak power, for general 
marking, deep engraving, dark marking 
on stainless steel and paint removal. 

For basic marking applications there 
is a new 20W RM-Z and a 70W RM-Z 
fibre laser featuring 1mJ pulse energy 
with >12 kW peak power, a beam quality 
of  M2 ~1.6 and an operating frequency 
range of 1-200 kHz. 

CW lasers
SPI has also made new additions to its 
CW fibre laser range for cutting, weld-
ing and micro-machining. The four new 
lasers within the redPOWER R4 product 
portfolio range from 200 to 500 W and 
M2<1.1 and M2~7.5. The recently released 
redPOWER R4 200W M2~4 laser and 
the new 500W M2~15 have both been 
designed specifically for welding. 

The new 200 W LM (M2~4) laser has 
been designed with end users to pro-
vide an efficient solution for producing 
through welds on thin, or controlled 
depth penetration on thicker materials. 

The 500W M2~15 laser offers an alterna-
tive to traditional welding technologies, 
with the added benefit of fibre delivered 
power in a zero maintenance package. 

SPI offer their 500W lasers with an out-
put fibre of up to 20m in length, e.g. for 
incorporating the laser into large scale 
cutting machines. Back reflection toler-
ance has been engineered into all the 
new lasers.
Contact: Paul Harrison 
E: Paul.harrison@spilaser.com 
W: www.spilasers.com

DILAS’ new diode laser system
DILAS has 
released their 
next generation 
easy-to-inte-
grate, compact, 
fibre-coupled, 
CW diode laser 
system: the COMPACT EVOLUTION.  

Designed within a compact 19” rack-
mountable chassis the new standardised 
diode laser control unit (DLC) can be 
used in a cross platform strategy for all 
of DILAS‘ industrial systems. It provides 
external interfaces and remote access 
option allowing easy analysis and 
parameter settings. 

The COMPACT EVOLUTION can be 
combined with DILAS’ processing heads 
and is also available with an optional 
fibre-input galvo-scanner, featuring a 
field of operation in which the laser spot 
can be freely addressed. 

The COMPACT EVOLUTION is available 
up to 600 W CW at 976 nm wavelength 
and stable beam quality of 22mm mrad.
Contact: Andrew May  
E: a.may@rofin-baasel.co.uk 
W: www.rofin.co.uk

New Rofin products 
Rofin’s StarFemto FX Laser
The highly versatile 
StarFemto FX ultra-
short pulse (USP) laser 
from Rofin is designed 
for ‘cold’ laser material 
processing industrial 
applications. It offers 
wavelengths of 1030 nm, 
515 nm (green) and 343 nm (UV) and a 
pulse duration of between 0.3 - 10 ps, 
with up to 200 μJ energy and repetition 
rates from pulse on demand to 1 MHz.

This compact laser system a complete 
solution for cutting, drilling and structur-
ing applications.

StarPico for maximum PRF
Rofin’s StarPico delivers a 12 ps pulse 
of 100 μJ and an adjustable pulse rep-
etition rate of up to 20 MHz. User ben-
efits include high processing speeds, 
easy integration and 24/7 performance. 
It is available as an OEM laser source 
or integrated with beam guidance, fixed 
optics or a galvo head for high perform-
ance and high precision cutting, struc-
turing, ablating, marking and drilling. As 
an option, a frequency-doubled version 
with a wavelength of 532 nm is also 
available.
Contact: Andrew May  
E: a.may@rofin-baasel.co.uk 
W: www.rofin.co.uk

Spectra-Physics’ new fs laser
Spectra-Physics 
has introduced 
Spirit™ 8 W, an 
industrial-grade 
high power fem-
tosecond (fs) 
laser for micro-machining applications. 
The new laser delivers high average 
power with 400 fs pulses for microma-
chining. Herman Chui, senior director of 
product marketing, said, “The new Spirit 
8 W laser is a robust and flexible com-
pact laser that is ideal for high precision 
manufacturing of devices such as cath-
eters, biodegradable stents, and high-
resolution organic LED displays.” 

The Spirit ultrafast laser provides high 
average power of >8 W in the infrared at 
1040 nm with a second harmonic option 
for generating green femtosecond puls-
es.Pulse energies of > 40 μJ are adjust-
able via computer over a wide range of 
repetition rates from single shot up to 1 
MHz. The Spirit is fully automated and 
has excellent beam characteristics with 
diffraction-limited TEM00 mode.

Breakthrough in high power UV
The Quasar is a hybrid fibre laser that 
delivers high UV power at high repetition 
rates with TimeShift™ technology for 
highest throughput, precise microma-
chining. Combining advanced fibre laser, 
power amplifier and patented harmonics 
technologies, the new Quasar laser pro-
duces 40 W UV power at high repetition 
rates. TimeShift technology provides 
programmable pulse profiles. Quasar is 
also available with green output of 70 W. 

“Quasar combining an advanced fibre 
laser, amplifier, and harmonics technol-
ogy into a robust system to deliver high 
levels of performance and capability,” 
says Dave Allen, general manager and 
vice president for Spectra-Physics. “This 
remarkable laser enables dramatic gains 
in throughput, quality, and precision in 
the rapidly developing area of micro-
electronic device manufacturing.” 

Pulse width can be varied from 10 ns 
to 100 ns at constant repetition rates; 
alternately, repetition rates can be varied 
from 0 to 500 kHz. at constant pulse 
width. TimeShift technology also allows 
for pulse shaping and burst-mode oper-
ation. The Quasar laser has excellent 
beam quality (M2 <1.3) and low noise; 
it is designed, built, and tested for reli-
able continuous operation in demanding 
manufacturing environments. 

Contact: Jon Richardson  
E: jon.richardson@newport.com 
W: www.newport.com
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Laser Safety Classification, Standards, Advice, Training, Laser
Testing, Design, Manufacture, Installation, FDA/CDRH reports...
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Problems with diamond-machined mirrors
The diamond machining process leaves 
the mirror with a high surface rough-
ness value, and an irregular grating 
structure. These surface artefacts cause 
scatter and diffraction, especially in the 
near infrared and visible. Sometimes 
this can reduce the power of a red 
alignment beam to near zero after a few 
reflections. In resonators, “mode cou-
pling” of the diffracted radiation gives 
rise to complex problems in the mode 
structure. The roughness and scatter is 
often directional, so performance can 
vary depending on which direction the 
mirror is mounted.

Why use chemically polished mirrors?
Laser Beam Products chemically pol-
ished mirrors have the “super smooth-
ness” needed for very high quality UV 
grade mirrors; there are no repetitive 
cutting arcs or periodic patterns. The 
surface quality is high enough and the 
roughness so low that they can be used 
in the near IR, the visible, and the UV!

Small mirrors for medical applications
Our range of standard mirrors starts at 
just 5 mm diameter, 1 mm thick. Gold 
coated copper mirrors of this size are 
ideally suited for Er:YAG lasers in den-

SCANLABs new III-series scan heads 

SCANLAB AG, a world leading inde-
pendent OEM manufacturer of scan 
solutions for deflecting and position-
ing laser beams, has launched the 
SCANcube® III, hurrySCAN® III and 
intelliSCAN® III series of scan heads. 
They utilise SCANLAB’s dynAXIS® 3 
series galvanometers with analog posi-
tion detectors and exceptionally low drift. 
With integrated temperature control, they 
offer the world’s lowest drift values for 
analog angular detectors. 

The new scan heads let every customer 
benefit from SCANLAB AG’s 20+ years 
of experience. With over 100,000 indus-
trial and medical technology scan solu-
tions installed worldwide, SCANLAB 
continues helping customers achieve 
maximum competitiveness via optimal 
scan solutions.
Contact: Erica Hornbogner 
E: info@scanlab.de 
W: www.scanlab.de

tal and surgical applications. They are 
reflective in both the UV and visible, and 
offer long operating lifetime and high 
laser damage resistance. 

Reworking mounted mirrors
It can be costly to replace mirrors with 
mounts, so it is always worth consider-
ing reworking. We have the ability to 
measure the alignment of mirrors that 
are already mounted. We can disassem-
ble, polish and coat, and reassemble 
the mirrors, meeting the original speci-
fications of the mirror. This can save 
€500 + over the cost of a new mirror 
and mount.

Industrial Mirrors for Machine Vision
There are some applications that 
demand our all-metal mirrors because 
glass mirrors just can’t be used, for 
example in food or pharmaceuticals 
manufacture. Our all-metal mirrors, such 
as stainless steel or aluminium, can be 
used for barcode scanning, process 
monitoring and other general machine 
vision tasks.
Contact: Mark Wilkinson  
E: sale@lbp.co.uk 
W: www.lbp.co.uk

Supersmooth mirror surfaces from Laser Beam Products
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Gemini provides the final stage amplification 
for Astra-Gemini, the two-beam Petawatt 
class laser system at the STFC Rutherford 
Appleton Laboratory in Oxfordshire. Gemini 
consists of a pair of Ti:sapphire amplifiers, 
each with its own pump laser and pulse 
compressor. It provides a two beam output, 
each beam delivering up to 15 J to target 
in a 30 fs pulse and a maximum focused 
intensity of ~1026 Wm-2, at a rate of up to 
one shot every 20 s.

Among the challenging aspects of the 
Gemini system is the perform ance of 
the large aperture Ti:sapphire crys-
tal amplifiers, which must achieve 
Petawatt-level laser amplification 
without crystal damage. A key ele-
ment of this is the homogenisation of 
the typically poor spatial uniformity of 
the pump laser input, which can lead 
to dangerous local hot spots in the 
Ti:sapphire crystal. 

Silios Technologies has developed an 
efficient diffractive homogenizer, the 
SHGH 100 for such applications. The 
homogenizer is a diffractive optic pseu-
do-random phase plate made of silica, 
which has a high damage threshold (> 
10J/cm2) and a high transfer efficiency 
coefficient (≥80%). In its production an 
eight phase level DOE is engraved into 
a 1 mm thick fused silica substrates by 
means of a plasma etching process. 

“The use of the homogenizers is key to 
the performance of Gemini,” says Chris 
Hooker  Astra-Gemini Section Leader. 
“They allow Gemini to operate at higher 
energy by generating very uniform 
second harmonic pump beams at the 
Ti:sapphire crystals, which minimise 
the risk of damage due to hot-spots. 
The crystal can thus be pumped at an 
intensity closer to its damage thresh-
old, allowing the amplifier to work more 
efficiently. The amplified near infra-red 
beam has a very smooth profile, also 
free from hot-spots that could damage 
the gratings in the pulse compressor. 

“Thanks to the long working distance 
of the components in the Gemini laser, 
the homogenizer is very efficient, so 
the pump beam at the Ti:sapphire crys-
tal contains about 94% of the original 
pump energy. All these factors com-
bine to make the homogenizers a very 
effective means of achieving uniform 
high-energy beams while minimising 
the risk of damage to extremely expen-
sive optical components,” Chris added. 

The working principle of the Silios dif-
fractive homogenizer is that the cross 
section of the incident beam is divided 
into many sub-apertures, the compo-
nent in each sub-aperture then being 
expanded to fill the same area in the 
so-called target plane which lies inside 
the Ti:sapphire laser crystal amplifier. 
The resulting distribution in the target 
plane is ideally a clearly defined homo-
geneous top-hat profile. The homog-
enizer produces multiple diffracted 
orders, but the phase structure is opti-
mised to concentrate the output into 
only one first-order beam. The homog-
enizer is designed to work off-axis in 
order to eliminate the small portion of 
light (less than 1%) in the zero order, 
which might otherwise cause damage 
in the amplifier. 

Beam profile of the 532 nm pump beam for 
a Gemini Ti:Sapphire crystal amplifier: (left) 
without homogenizer use; (right) with use of 
the SILIOS SHGH100. The pump beam at the 
Ti:Sapphire crystal contains about 94% of the 
original pump energy. 

In comparison to other beam 
homogensation techniques, the Silios 
Technologies’ diffractive homogenizers 
claim: better homogeneity; improved 
sharpness of top hat edges; free form 
shaping; ease of use (e.g. a simple 
mounting in an existing set-up); a 
relaxed alignment tolerance; no Talbot 
effect (a near-field diffraction effect). 

Silios Technologies offers Diffractive 
Optical Elements (DOEs) for a wide 
range of laser sources and wave-
lengths from 193 nm (Excimer) up to 
10.6 μm CO2); for laser beam shaping, 
phase correction and instrumentation.
Contact: Thierry Berthou 
E: thierry.berthou@silios.fr 
W: www.silios.com

Diffractive beam homogenisers at RAL

Gemini facility at RAL

New material processing solution
The latest turnkey laser solution from 
Rofin -  MPS 3D (Modular Processing 
System 3D) - is designed for complex 2.5 
D and 3 D material processing tasks. The 
system integrates both axis modules and 
control units into one compact housing. 

The MPS 3D can be configured for laser 
welding, laser cutting, laser drilling and 
laser structuring. The spacious working 
chamber, with its pneumatically operated 
door, provides sufficient space for multi-
axis laser material processing, even with 
bulky work-pieces. Programming the 
MPS 3D, via CADCAM, is both simple 
and efficient. 

The granite bridge within the system 
allows the integration of direct beam 
sources such as Rofin’s ultra-short pulse 
lasers StarFemto FX and StarPico. Fibre-
coupled laser systems like the StarFibre 
and LFS, as well as pulsed lasers such 
as the StarPulse and SLS from Rofin’s 
extensive portfolio are all capable of 
being easily integrated.  
Contact: Andrew May 
E: a.may@rofin-baasel.co.uk 
W: www.rofin.co.uk

Standard for opto-mech components
Newport 
Corporation 
has intro-
duced two 
new series 
of opto-
mechanical 
compo-
nents. The M1 mirror mount is a highly 
economical component for general 
beam-steering applications with out-
standing performance and design fea-
tures. The new BPH series of optical 
post holders is an ideal companion to 
the M1 mirror mounts; facilitating stable 
mounting to optical tables with the flex-
ibility needed for optical research. While 
being the most affordable solutions in 
the industry today, Newport’s new series 
of opto-mechanical components com-
bine high performance with a large vari-
ety of features and renowned quality. 

“Newport’s mirror mounts have an excel-
lent reputation for high-end quality, 
stability and precision,” says Thomas 
Bartholomäus, Sales Director Europe at 
Newport Spectra-Physics in Darmstadt, 
Germany. “With the M1-series we are 
raising the bar and create a new stand-
ard for economic, all-purpose opto-
mechanical components.” 
Contact: Jon Richardson 
E: jon.richardson@newport.com 
W: www.newport.com
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4D launch the new 4Sight version 2.6

The latest release of 4Sight Dynamic 
Interferometry and Wavefront Analysis 
Software, Version 2.6, including several 
fundamental performance improvements 
is now available from Laser Physics UK.

With an ability to run under 64-bit 
Windows 7 operating systems, the new 
4Sight version 2.6 facilitating larger 
burst (movie) measurements to be taken 
and larger-array measurements to be 
analyzed and compared.

4Sight software is at the heart of 4D 
interferometers and upgrade kits, pro-
viding comprehensive analysis, filtering, 
visualization and output tools, making 
older systems obsolete.
Contact: Peter Bennett 
E: peter@laserphysics.co.uk 
W: www.laserphysics.co.uk

Laser Lines Ltd has announced the 
launch by supplier Gentec E-O of the 
Beamage 3.0, the very first USB 3.0 cam-
era dedicated to Laser Beam Profiling. 
This new CMOS-based camera comes 
with completely redesigned software that 
features both a highly intuitive user inter-
face and powerful data analysis tools.

The USB 3.0 interface of the new 
Beamage 3.0 camera features a data 
transfer rate up to 10x faster than any 
USB 2.0 system. This incredible speed 
allows for much faster data transfer rates, 
up to 10 fps at 1 MPixels. USB 3.0 also 
features an improved communication 
architecture that reduces both data trans-
mission latency and power consumption.

Thanks to its unique combination of high 
pixel density (2.2 MPixels) and large sen-
sor size (11.3 x 6.0 mm), the Beamage 
3.0 has the double advantage of accu-
rately characterising both very small 
beams of only a few tens of microns to 
larger beams of several mm in width, 
thus effectively covering most of the 
applications in one device.

The completely redesigned software 
takes full advantage of today’s best 

development tools. 
The simple inter-
face is highly intui-
tive and yet com-
prises many useful 
functions, like 
background sub-
traction, animation 
tool, signal normali-
zation, filtering and 
averaging func-
tions, external trig-
gering, active area 
definition, gaus-
sian fit and more. 
Furthermore, the 
calculations done 
by the software are ISO 11146:2004, 
11146:2005 and 13694-2000 compliant 
and give the user accurate beam char-
acterization.

The Beamage 3.0 is being offered at a 
very attractive price, much lower than 
comparable camera-based profiling sys-
tems on the market. .

Contact: Gary Broadhead  
E: garyb@laserlines.co.uk 
W: www.laserlines.co.uk

First USB 3.0 beam profiling camera
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COMPONENT MANIPULATION

Ultrafast UV laser technology coupled with a high-speed scanner-
based beam displacement system has the potential to revolutionize
laser micromachining applications. UV lasers with short focal length
optics allow for micron-level spot size while the high speed and
acceleration capability of the scanner can execute multiple passes
over the material extremely quickly. Utilizing this capability to its
fullest potential requires a scanner with micron-level accuracy at the
work point. Aerotech’s AGV-HP is the first commercially available
scanner capable of micron-level accuracy over a relatively large
area (40 x 40 mm). This working area can be greatly extended with
Aerotech’s Infinite Field of View (IFOV) technology. Key operating
parameters for the scanner are outlined below. Check the Aerotech
website for the latest information on the entire AGV product line.

• 10, 14 and 20 mm input
apertures

• CO2, DS, 1552 nm,
1064 nm, 1030 nm, 
532 nm, 515 nm, 
355 nm and other 
optics available

• Low thermal drift
optical feedback

• 26-bit resolution 

• Optional air and water
cooling

• Laser triggering directly
from position feedback

• Non-proprietary
programming language

Micron Level
Scanner Accuracy

AH1212K_LM

Aero tec h  Wor ldwide
United States • France • Germany • United Kingdom

China • Japan  • Taiwan

Dedicated to the
Science of  Motion

Ph: +44 (0)118 940 9400
Email: sales@aerotech.co.uk
www.aerotech.com

See the Nmark
SSaM and AGV
galvos in action at
www.aerotech.com.

AH1212K_LM-LTD_AGV-HP-190x126_AGR_halfpage.qxd  6/10/2013  9:56 AM  Page 1

A message from
Aerotech’s Product Manager

I am pleased to introduce the Planar DL 
series of XY linear motor stages, offering 
excellent geometric and dynamic per-
formance in a compact, low-profile, and 
cost-effective package. 

Available in a variety of travel and accu-
racy grades, they provide the ideal solu-
tion for applications ranging from high-
accuracy surface profilometry to high-
speed wafer scribing. With an optimized 
structure, components with exacting 
precision, Aerotech’s own direct-drive 
motor technology, and an integrated 
cable management system, the Planar 
DL makes its debut as an industry lead-
er in planar performance.

Contact: Cliff Jolliffe 
E: cjolliffe@aerotech.co.uk 
W: www.aerotech.com

Direct-Drive Z-Axis Nano-positioners
Aerotech’s ANT-
L-Z crossed-
roller, Z-axis, 
nano-positioning 
stages combine 
speed, accu-
racy, resolution, 
repeatability, reli-
ability and size. They are offered in two 
models (ANT95-L-Z and ANT130-L-Z) 
and two accuracy grades. They offer:

• Nanometer performance in a large 
travel format (up to 60 mm traverse)

• High resolution (2 nm), repeatability 
(75 nm) and accuracy (300 nm)

• In-position stability of <2 nm

• Anti-creep crossed-roller bearings

• High dynamic performance

• Noncontact Direct-Drive

These stages offer virtually maintenance-
free operation over the life of the prod-
uct. Aerotech’s direct-drive technology 
has no hysteresis or backlash, enabling 
accurate and repeatable nanometer-
scale motion.
Contact: Cliff Jolliffe 
E: cjolliffe@aerotech.co.uk 
W: www.aerotech.com

weldMARK 3.0 for 3D processing
RAYLASE has launched the new version 
of its laser marking and general material 
processing software – weldMARK 3.0.

weldMARK 3.0 offers full 3D process-
ing functionality. This enables custom-
ers to leverage the full performance of 
their 3-axis sub-modules, such as the 
RAYLASE product lines AXIALSCAN 
and FOCUSSHIFTER. It also provides 
additional functionality for a range of 3D 
laser processes, such as deep engrav-
ing, laser drilling and laser cutting, 
including advanced 3D processes such 
as trepanning and glass cutting.

weldMARK 3.0 Overview:
• Full 3D laser processing functionality 

for advanced laser processing
• 3D processing options – deep engrav-

ing, trepanning, and deep cutting
• Tiling function to process objects 

larger than the processing field
• MOTF simulation to facilitate set-up 

of mark-on-the-fly operations
•  In Line Parameter Switching along 

the processing path
• Correction file editors

Contact: Harnesh Singh 
E: h.singh@raylase.de 
W: www.raylase.com
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Cutting
Advanced laser and control package

LVD has introduced a new Fanuc reso-
nator and control package to select 
models of its CO2  laser cutting sys-
tems. The fully integrated Fanuc 31i-L 
CNC control and i-C Series resonator 
package reduces laser start up time 
as much as 50%, provides increased 
flexibility for part processing, is more 
energy efficient and allows increased 
time between maintenance intervals.
The i-C laser is offered in power ranges 
of 2.5, 4 or 6 kW.

The CNC control coupled with LVD’s 
Touch-L 19” touch screen graphical user 
interface give the user dynamic control 
over the cutting process via a simple to 
use, intuitive display.

Contact: Chris Phillips  
E: c.phillips@lvduk.com 
W: www.lvdpullmax.co.uk

Marking
FOBA’s new fibre laser markers 

FOBA has introduced five new fibre 
laser markers that are available in four 
power classes: Y.0100-fc, Y.0200-fc, 
Y.0300-fc, Y.0301-fc, Y.0500-fc. 

The compact fibre laser markers from 
the Y.0X00-fc series mark metals, plas-
tics and other hard to mark materials in 
a reliable, fast and cost-efficient manner. 
All systems provide a cost-efficient con-
trol platform and can be operated with 
or without connecting to a PC.

The pulsed marking lasers are available 
in four power classes and different pulse 
widths. They are ideally suited for the 
marking and engraving of tools, instru-
ments and components, particularly in 
metal and plastic. They find applications 
in a wide range of industry sectors.
Contact: Tony Dain 
E: Sales@tlm-laser.com 
W:www.tlm-laser.com

Microprocessing
IPGs UV laser micromachining system
IPG Photonics 
has introduced 
the IX-255 UV 
Laser Micro-
machining 
System, a highly 
flexible system 
from IPG’s Micro-
systems Division, 
for multi-purpose, R&D and small-scale 
production applications. 

IPG’s multi-functional system can be 
configured with a beam energy density 
up to 25 J/cm2 for applications such as 
drilling ceramic materials or with lower 
energy density for large-field exposures 
such as conformal coating removal, 
insulation-stripping and annealing. A 
third configuration allows the program-
mable selection of beam shapes for 
general-purpose patterning, cutting and 
machining of blind features. 

IPG’s IX-255 is an interlocked Class 1 
workstation built on a granite base and 
support structure. It has dual micro-
scope vision systems for automated part 
alignment and inspection and is integrat-
ed with a proprietary UV laser. System 
software includes macro-building tools 
for fast programming and generation of 
automating processes for complex fea-
ture machining.
Contact: Stan Wilford  
E: swilford@ipgphotonics.com 
W: www.ipgphotonics.com

Welding

Question to be considered when pur-
chasing your first laser welding system 
include: 
• Is the supplier capable of offering a 

wide range of Laser Welding Systems, 
to be able to support you as your 
business or volumes grow?

• Can the supplier can demonstrate a 
proven track record within your indus-
try and target application?

• Can the supplier evaluate and dem-
onstrate your application here in the 
UK? 

• Are you dealing with the manufacturer 
or a distributor? 

• Does the supplier have a reputation 
for providing robust and reliable sys-
tems? 

• Can the supplier provide you with 
access to local service support, not 
only for routine preventative main-
tenance, but especially in the event 
that a repair or replacement part is 
required?

Additive manufacturing
Custom systems and components
The dispensing 
of compounds 
and coatings 
for additive 
manufactur-
ing requires 
a 3D motion system to move either the 
printing head or the substrate with up 
to six degrees of freedom. Overall sys-
tem accuracy and throughput are vitally 
important to creating complex structures 
with a commercially viable process.

Aerotech manufactures its own motors, 
drives and motion controllers and offers 
an outstanding selection of linear, rotary, 
lift and Z-axis stages and goniometers 
together with advanced drives and con-
trols. Aerotech also manufactures a vari-
ety of linear motor gantry systems that 
are available with all electronics and a 
machine base and are ready to produce 
immediately upon installation. Aerotech 
is the manufacturer of choice with many 
systems installed in a variety of current 
additive manufacturing applications.

Aerotech has over 40 years of experi-
ence building high-performance motion 
control components and systems, and 
has been involved with additive manu-
facturing applications and equipment 
from its inception. 
Contact: Cliff Jolliffe 
E: cjolliffe@aerotech.co.uk 
W: www.aerotech.com

• Does the supplier hold an extensive 
range of spare parts? 

• Does the supplier have a UK training 
centre? You will need thorough train-
ing backed by easy-to-understand 
documentation.

• Does the supplier have the capability 
to provide a complete “Turnkey” solu-
tion? 

• Is the supplier financially robust? 
This is essential if the supplier is to 
remain at the forefront of the industry, 
through research and innovation. 

The points listed here may seem obvi-
ous, however there are many instances 
in the past where purchasing decisions 
have been made without having con-
ducted a detailed analysis of the poten-
tial suppliers, leading to disappointment 
and frustration.

Contact: Andrew May  
E: a.may@rofin-bassel.co.uk  
W: www.rofin.co.uk 

                     Selecting a laser welding system
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Index enclosures box clever
Ashford, Kent-
based Index 
Enclosures is the 
latest in a grow-
ing number of 
manufacturers tak-
ing advantage of 
Trumpf finance to help achieve compet-
itive gain, growth and future prosperity. 
The acquisition of a TruLaser 3030 Lean 
Edition laser cutting machine, TruBend 
5130 press brake, and associated 
software was facilitated by a five-year 
hire purchase package from Trumpf 
Financial Services that Index Enclosures 
describes as “extremely competitive”.

Index Enclosures has come a long way 
in a short space of time. Inaugurated 
in 2011 the company has already 
achieved an impressive turnover of £1 
million. One of the investors, Daniel 
Baker, explains the premise behind the 
idea that is providing so much success.

“We spotted a gap in the enclosures 
market for bespoke solutions… as 
standard,” he says. “In truth, the idea 
was simple – give customers exactly 
what they want, when they want it,” 
says Mr Baker. 

Mr Baker and his colleagues bench-
marked Trumpf technology against 
competitor machines and, happy with 
the technical aspects, the selection cri-
teria moved to different territory.

With a planned investment in the region 
of £500,000, the team approached 
potential lenders. “Keeping in mind that 
this was 2011 – the middle of the finan-
cial crisis – we did well to attract three 
offers,” says Mr Baker. “One was from a 
well-known asset finance provider, with 
another from a sub-prime, and one from 
Trumpf Financial Services.”

Trumpf Financial Services was estab-
lished in 2011 to support equipment 
sales. The main benefit is that Trumpf 
understands the UK manufacturing 
marketplace, delivering a dedicated, 
affordable and complete finance solu-
tion to their customers. Fast decisions 
are pledged on many types of finance 
including hire purchase, operating lease 
and finance lease.

“Trumpf clearly knew the assets bet-
ter,” says Mr Baker. “On top of this, 
the interest rate was actually the most 
competitive of the three offers we 
received. In the end we opted for a 
five-year hire purchase that ends in 
September 2016.”

Fast marking cycles at superstar
Superstar 
Components Ltd 
of Lincoln has 
just completed 
the transition to 
a new business 
model by shift-
ing from outsourcing to the in-house 
manufacture of aftermarket bicycle 
parts. Complementing the company’s 
newly installed turning, milling and pol-
ishing machinery is a TruMark Series 
5000 fibre laser marking machine from 
Trumpf. Used for branding applications 
such as the creation of high quality 
logos and graphics, the machine has 
cut unit costs for marking by several 
orders of magnitude.

As company director Neil Wilkinson 
explains, “We assessed the situa-
tion and considered that if we were 
using the same materials and similar 
machines, we could make aftermarket 
bicycle parts for the same cost as the 
Far East, if not less, and at better qual-
ity. High definition, good quality graph-
ics make an enormous difference to the 
customer perception of any product. It 
looks professional and it adds value.”

The Trumpf TruMark Series 5000 is 
a fibre laser-based marking machine 
characterised by a combination of high 
power, high repetition rates and vari-
ably definable pulse duration and form. 
It is designed for tough applications 
with high power requirements and short 
cycle times. The vast majority of com-
ponents at Superstar are manufactured 
either from aluminium or titanium, and 
the company’s TruMark 5000 is fitted 
with an optional rotary axis to accom-
modate parts such as wheel rims. 
Other bicycle components processed 
include jockey wheels, pedals, hubs, 
bottom brackets, chain rings, stems 
and sprockets, to name but a few. In 
fact, almost everything machined at 
Superstar is subject to marking in some 
form. 

“The unit cost for engraving using a 
machining centre is probably in the 
region of £3-4 per part, but using the 
laser the cost amounts to no more than 
pence,” explains Mr Wilkinson. “Overall, 
the shift to in-house manufacturing has 
resulted in shorter lead-times and even 
more price-competitive products.”

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

MATERIALS PROCESSING

New Intelligent Operating System
UK based manu-
facturer BOFA 
International Limited, 
a market leader in 
industrial fume extrac-
tion, has released 
the iQ intelligent 
operating system. It 
is packed with new 
features that look set 
to change the way 
that fume extraction is 
viewed in the future.

For most industrial process facilities 
“downtime” is the dreaded enemy. The 
iQ system incorporates a method for 
monitoring the status of both the pre 
filter and combined (main) filter. Pre 
blockage warnings provide operators 
with ample time to prepare for a change; 
and when a filter change is needed the 
system indicates which filter requires 
change, thus reducing the time taken to 
undertake a filter replacement.

Where process or breakdown evaluation 
is required the iQ allows operation data to 
be downloaded and evaluated locally or 
remotely (via the internet); thereby reduc-
ing or eliminating the number of costly 
and time consuming service call outs. 

iQ fume extraction units can be sup-
plied with the latest Smart Filter options. 
By applying proven RFID technology 
BOFA can now give users added assur-
ances that the correct specification and 
type of filter is being fitted and that the 
expected filter performance and working 
life will be achieved.
Contact: Derek Roberts  
E: sales@bofa.co.uk 
W: www.bofa.co.uk

Fume extraction
Purex’s new 100 mm extraction arm 
Purex International Ltd, a leading 
manufacturer of high performance fume 
extraction systems has launched a new 
flexible 100 mm diameter extraction arm.

Features include:
• 2 Metre Radius - 100 mm Ø hose in 

galvanised steel with zinc plated finish
• Fully assembled delivery with mount-

ing plate for easy installation
• Clear flexible polyurethane ducting 

enables any blockages to be identified
• Damper shuts off arm when not in use
• No internal obstructions delivers more 

efficient extraction
• Easy to move around on castors
Contact: Jon Young 
E: jon.young@purex.co.uk  
W: www.purex.co.uk

Trumpf case studies in laser materials processing
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MATERIALS PROCESSING

Overview
There are some important potential appli-
cations for laser glass cutting, enough to 
keep up my interest in the subject over 
the years. As I currently understand it, 
laser cutting of glass is a huge subject 
with a range of ‘if/but’ answers. I con-
clude that the success of laser cutting 
of glass depends on the type of glass 
(borosilicate / soda lime / laminated 
/ toughened / etc.) and that there are 
many alternative techniques out there, 
but none of them to date offer the sort of 
solution that fits a Rofin process.

The main options are addressed below:

Series micro-cracking by internal 
absorption at 532nm of a high peak 
power q-switched laser 

Exploiting the non-linear internal absorp-
tion of a high peak power frequency 
doubled q-switched solid state laser 
the laser machining process is similar 
to that used for inside-glass decora-
tion. The technique, which is promoted 
by Edgewave [1] allows a wide range of 
shapes to be cut in thin and thick glass. 
The main drawbacks are that it cannot 
cut to edge, it is slow and the edge qual-
ity in inadequate for many applications. 

Multiple Laser Beam Absorption  

The MLBA process uses multiple reflec-
tions of a diode-pumped cw-YAG laser 
beam to create a heated volume and 
tension profile throughout the thickness 
of the glass [2]. A crack, which must first 
be made (e.g. by mechanical notching), 
is guided across the glass plate by the 
relative movement of the laser beam, 
cleanly separating the glass and leaving 
smooth micro-crack free edges. 

MLBA can cut thick or multi layered 
glass at reasonable speeds, but to cut 
across a prior cut (essential for ‘dicing’) 
the notching has to be repeated; and for 
asymmetric cuts and cuts near the edge 
of the glass the crack can deviate signifi-
cantly from its intended path. 

CO2 laser ‘zero width’ cutting
The process is similar to MLBA in that 
the process primarily involves crack-
propagation but in contrast to MLBA 
the use of a far infra red CO2 laser beam 
means that the laser power is nearly 

totally absorbed at the glass surface; 
and the process also involves rapid cool-
ing of laser heated area to stress-crack 
the glass (see figure above) producing a 
cut of high edge quality and strength. It 
works well as a slitting process for thin 
sheet (float) glass, obviating the need for 
further processing steps like grinding or 
washing [3], [4]. 

Direct CO2 cutting of thin glass
This has been investigated for cutting 
very thin glass (including cutting ~0.2 
mm thick glass by Louise May at Rofin 
UK in Hull). Preliminary results were 
quite interesting but the cut edge was 
probably not of adequate quality unsta-
ble and the glass might suddenly shatter 
hours/minutes after apparently success-
ful cutting. The latter is a common prob-
lem with glass cutting; it results from the 
residual stresses locked into the glass 
during its manufacture.

The laser cutting of glass remains an 
active field, with some major poten-
tial applications (e.g. separating glass 
sheets into mobile phone touchscreens).
For example, work at UV wavelengths 
and short pulse ps/fs cutting [4] is 
ongoing, and there several hybrid proc-
esses available (e.g. laser scribing with 
mechanical breaking). 

References: 
1. http://www.edge-wave.de/web/en/anwendungen/
glasverarbeitende-industrie/

2. http://www.h2b-photonics.de/Glasstec_H2B_06_
engl.pdf

3. http://www.fonondss.com/zero_width_cutting_
tech.html, http://mdischott-ap.de/en/glass-process-
ing/glass-cutting/cutting-by-laser/

4. http://assets.newport.com/webDocuments-EN/
images/Laser_Glass_Cutting_SP.PDF

Andy May   Rofin-Baasel UK
E: a.may@rofin-baasel.co.uk

The “glass question”
It all began on 13 June this year when 
the AILU office received a query from 
someone who wished to find a subcon-
tractor who could ‘laser cut shapes (e.g. 
Alphabet letters) out of 0.25 inch glass 
plate. The application was decorative 
and the cut finish had to be polished. 
Typical dimensions were 30-60 mm. We 
received not one positive reply to the 
query that we circulated to subcontrac-
tors and to some laser system suppliers

However, where most responses were 
simply expressions of regret, the reply 
from Andy May, the Managing Director 
of Rofin Baasel UK, was more forthcom-
ing. He explained that he didn’t think the 
enquirer would find anyone who would 
do this in the UK, at least not at a half-
reasonable price, he pointed out that he 
has answered  ‘the glass question’ on 
many levels to various people over the 
years and provided a summary of the 

replies he has given; from which the fol-
lowing summary has been made. The 
main conclusion is essentially a state-
ment of how difficult glass is to machine 
successfully by laser; and the fact that 
Rofin currently doesn’t supply appro-
priate commercial equipment for this 
application makes the piece all the more 
credible.

More reading on this topic from The Laser User Magazine: 

Karen Williams ‘Controlling thermal shearing in glass’ (2000) 18, p15 - 16;  
Mohommed Naeem and Mark Richardson ‘Zero width glass cutting with a CO2 laser’ (2005) 40, p38;  
David Ashkenasi and Manuella Schwagmeier ‘Laser micro-drilling and contour cutting of glass’ (2007) 49, p36-37

Log in on the AILU Web site, take ‘The laser user magazine’ link on the home page, enter ‘glass’ in the free text search box and 
download these articles. As a member you can download as many back issue articles as you wish, all for free.

Examples of glass 
cutting by pulsed 
532 nm laser radiation 
(courtesy Rofin)

Examples of MLBA glass cutting: (left) two glass 
plate contours cut simultaneously; (right) glass 
tubes cut with a disk laser (courtesy Rofin)

‘Zero width’ laser 
cutting. The CO2 
laser beam precisely 
heats the glass 
followed by a cold 
jet of air or an air/ 
liquid mixture. This 
causes a precise 
fissuring of the 
glass [3]
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Jo
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Laser Job Shop Group
Users of Lasers for Profit
An AILU special  interest group

Chairman's 
report

Job Shop 2013

JOB SHOP CORNER

Well, here I am sit-
ting in the chair of the 
job shop committee! 
For the last three 
years Captain John 
Powell has done a 
grand job at the helm 
during some difficult 
times, almost single handedly pulling 
us through the recession. I’m sure all 
of us in the job shop SIG would like to 
thank John for his great help and sup-
port during this time. John’s only step-
ping down as Chair and not leaving the 
committee, and I for one will be look-
ing to him to provide the benefit of his 
experience, enthusiasm and the skills 
that he brings to committee meetings.

The job shop committee continues 
to look for opportunities to increase 
awareness of the job shop SIG. The 
best way to spread the word is the 
same as in any business: word of 
mouth. So while you are out and 
about meeting different people in busi-
ness, customers, competitors, sup-
pliers etc. do take the opportunity to 
mention AILU.

As you will have seen on the AILU 
web site, we have our annual business 
meeting planned in October. This year 
it take places at a new venue for us, 
MSS in Rugby, and we are hoping it 
will attract some new members or at 
least some new faces that just want to 
have a look what all the fuss is about. 
Topics for the day will include two new 
technical themes that are attracting 
an increased amount of subcontract 
activity: Additive Manufacturing and 
Laser Marking. 

JS13 will also address how to obtain 
grants to help your business, the ben-
efits of exploiting social media and 
experience with gas (nitrogen) genera-
tors. We will also have the results of 
the latest ever-popular surveys; this 
year’s include electricity costs, assist 
gas costs and of course the contro-
versial supplier satisfaction survey, 
ending with lunch, an open forum dis-
cussion and a tour of MSS. Please put 
the date -17th October - in your diary 
NOW.

Dean Cockayne 
E: dean@midthermlaser.co.uk

Injecting steel into rolling stone legend
In time for his band’s 
headline show at UK’s 
legendary Glastonbury 
festival, Rolling Stone 
Mick Jagger was 
been honoured by his 
hometown of Dartford 
with a steel sculpture 
of the singer.

Part of one of the big-
gest ever public arts 
projects in the UK, the 
statue was manufac-
tured by AILU member Laser Process 
Ltd. The company produced over 250 
life size steel statues of local celebrities 
and symbols for the project which was 
brought to life by the sustainable trans-
port charity Sustrans in order to deco-
rate its latest cycle ways and pathways 
throughout the UK and Ireland.

Made from weathered steel, Laser 
Process Ltd was originally given the 
order for only three sculptures. However, 
upon their completion in 2010, the 
Cannock firm was awarded the contract 
for the whole project.
Contact: David Lindsey  
E: dl@laserprocess.co.uk 
W: www.laserprocess.co.uk

Don’t forget your FREE AILU surveys 

If you missed the reminder, go to the 
AILU web site Job Shop SIG page for 

details or contact the AILU office

LaserQuote for online self-costing
Idronic has announced a new add-on 
to LaserQuote, its flagship ERP system. 
Users of LaserQuote can offer their 
customers instant quotes automatically. 
Customers simply log into the system, 
start a new quote and interactively 
import their parts drawings. Behind 
the scenes, the parts are automati-
cally nested achieve best efficiency and 
obtain accurate material requirements.  
A quotation is automatically generated 
and sent to the customer, based on the 
costing preferences that the LaserQuote 
user had configured.

This ground breaking feature is a result 
of Idronic’s close partnership with Aptia 
Solutions, the UK-based automatic nest-
ing specialists and makers of QuoteFab.  

For a limited time this add-on is free to 
all licensed users of LaserQuote and 
RanFab solutions” said Codrin Mitin, 
CEO of Idronic. 
Contact: Glenn Whitwell 
E: gwhitwell@aptiasoluations.com 
W: www.aptiasolutions.com

Work in the aerospace sector
Response to a question to the AILU office

It is possible to do quite a lot of subcon-
tract work for aerospace companies with-
out any special qualification. Not every-
thing in aerospace flies! Tooling, fixturing, 
signage,  storage, instrumentation, etc. 
for ground based aerospace probably 
only needs ISO 9000, but it depends who 
the customer is.

For parts that fly then AS9100 possi-
bly with Nadcap and Prime contractor 
approval is probably necessary. The dif-
ficulty is that both AS9100 and Nadcap 
require assessors at surveillance visits to 
see aerospace work being done but one 
can’t get aerospace work to do until one 
has AS9100, etc.

A way in is to form a relationship with an 
aerospace tier 2 or 3 subcontractor, do 
some of the non safety critical work for 
them. Be ready for the call to do more 
controlled work by working on quality 
and delivery and improving your quality 
system so that going for AS9100 RevC is 
not a shock.

It will be a shock to the finances though. 
AS9100 RevC requires more surveillance 
days and visits to all shifts and is sig-
nificantly more expensive than ISO 9000 
both in up front cost and in the effort to 
maintain it in house.

Neil Main   Micrometric Ltd

Your new Job Shop Committee

Survivors of the first job shop committee meeting 
with Dean Cockayne presiding, during a tour of 
Midtherm Lasers. 

(l to r) Neil Main (Micrometric), Dave Wheatley 
(Midtherm), Dean Cockayne (Chair), Dave Lindsey 
(Laser Process), Mark Millar (Essex Laser), Martin 
Cook (Cutting Technologies), John Powell (Laser 
Expertise), Mohan Jassi (Carlton Laser), Charles Dean 
(Fimark), Matt Brown (deputising for Tom Mongan, 
Subcon Laser), Wayne Wild (Laser Engineering)
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Over the past 12 months there 
has been a marked increase in 
different types of material we 

have been asked to cut or engrave. It 
seems like everyone is looking for the 
‘next big thing’ or trying to solve some 
technical problem or other that has 
thus far defeated them.  

This story starts with an enquiry to 
laser cut some 1.6 mm neoprene rub-
ber sheet for an electronics company. 
We received some sample material and 
duly despatched the tiny cut parts with 
an array of 0.6 mm diameter holes on 
2 mm centres from Laser HQ. Anyone 
who has ever had the pleasure of cutting 
rubber with a laser will tell you that there 
are two problems; firstly the residue on 
the cut edge which is like a powdery 
‘soot’ and of course the smell – it’s not 
very pleasant. However with a bit of trial 
and error testing using our 200 W CO2 
Eurolaser we found that with air assist 
at the maximum head pressure (5 bar) 
improved matters no end.

The customer stated that the parts were 
going into a clean room environment.  
Again this posed something of a prob-
lem with the residue and simply washing 
by hand was laborious. The eventual 
order would be for thousands of parts so 
we needed a solution that would work 
for more than a handful.  So I had the 
parts put into net washing bags (the kind 
of things you put lingerie in to wash) 
and put them in my washing machine 
on a cold wash on the longest setting. 

Giving the bags a good shake when they 
came out the parts were dry in no time.  
The washer didn’t seem to suffer any 
ill effects but there was a bit of residue 
around the seals.  So, I put plenty of 
detergent in and a long hot wash later 
the washing machine was back to nor-
mal.  Rest assured my whites are still as 
sparkly white as ever.

We had now solved the cleaning prob-
lem but the parts didn’t actually fit. They 
were correct to drawing but the small 
0.6 mm diameter holes were to fit over 
a mating part and they didn’t.  After 
obtaining a sample of the mating part we 
reduced the size of the hole by 0.2 mm 
– clearly this was the amount of mate-
rial that the laser was removing in each 
cut.  The result was clean rubber parts 
and a happy customer and we appeared 
to be doing something that nobody else 
could do. Despite our lack of aerospace 
approval we were the only company who 
were successfully able to do the job and 
they did try quite a few.

Now in the spirit of diversification that we 
have at Laser HQ we then got to think-
ing….. so if we can find a way of cutting 
neoprene…. what other rubber products 
could we also cut?  What markets are 
out there that we can service?  This led 
us to think about latex sheeting which is 
used in fashion and fetish markets. Most 
of the latex garments made for the fet-
ish markets are done by small designer/
makers catering to a more budget con-
scious clientele but to be commercially 
viable we needed to go ‘high end’ and 
started doing some samples designs 
with Cathouse Clothing in Yorkshire. 

In terms of the laser technique we used 
the same 200 W CO

2 Eurolaser but 
found that the laser cut edge was ‘wet’.  
It seemed that the rubber somehow 
returned to a natural wet latex state after 
cutting – the washing machine was not 
going to be the answer for this one…. 
Much trial and error later with various 
solvents we found a product that with the 
right combination of cutting technique 
and application of the solvent in the cor-
rect stage of the process resulted in a 
clean edge and the fetish designers were 
delighted!  Lasers have been used for 
cutting latex but only for small applique 
designs, with a 3 x 2m bed and the right 
technique we could now go large scale.

In February we featured designs (pic-
tured) from Cathouse Clothing at the 
Enlightened Art Exhibition we put 
together. This was a coming together 
of designs from a diverse range of art-
ists and designers with a simple design 
brief “You can design anything you like 
but it has to be either laser cut or laser 
engraved”. We set about making all of 
the exhibits in a huge variety of mate-
rials from latex to Perspex, through 
Valchromat and plywood to stainless 
steel and veneers. The exhibition was 
incredibly well received and pushed the 
boundaries of what is possible to do 
with laser cutting and laser engraving 
and featured in the design press and on 
blog sites.

More recently the latex story has con-
tinued through to Paris Fashion Week in 
July which featured our laser cut latex 
in designs by London based Japanese 
designer Atsuko Kudo – one of the lead-
ing latex designers in the world who 
has designed for a host of celebrities 
including Lady Ga Ga and stars from the 
world of burlesque.  Fetish is definitely 
hitting the mainstream with Atsuko Kudo 
designs flying out of the door of their 
Selfridges London pop up shop.  Who 
ever knew that techniques learned from 
such a simple laser cut product would 
lead us to be featured on the fashion 
runway in Paris!

Jane Robinson  E: janer@cut-tec.co.uk

Cutting neoprene rubber and beyond
Jane Robinson

Cutting Technologies Ltd, Barnsley

JOB SHOP CORNER

Photographer James Alexander   © 2013 Cathouse Clothing
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The laser marking business
Interview with Charles Dean
Managing Director of Fimark Ltd

AILU INTERVIEW

How would you describe the laser mark-
ing/engraving as a stand-alone business 
proposition?  

It’s probably useful to start by explaining 
that there seems to be two quite distinct 
laser engraving markets, the first using 
galvo driven Nd:YAG lasers to mark 
mostly engineered metal components 
and the second using CO2 Cartesian 
cabinet lasers for cutting and marking 
paper, leather, thin metal and plastic. 
Of course there is overlap and some 
engraving companies have both galvo 
and Cartesian machines and serve both 
markets. At Fimark we only use galvo 
lasers and have concentrated on compo-
nent marking for traditional manufactur-
ing sectors like medical and aerospace.

In terms of whether it is possible to offer 
laser marking/engraving as a standalone 
proposition I can only comment on our 
sector. While it is probably possible to 
just mark components without offering 
other processes it makes sense to push 
towards the higher value end and offer 
a very good service. We have always 
strived to do that and still have our first 
customer from 1997.

Given that basic laser marking equip-
ment is relatively inexpensive and that 
increasingly laser cutting job shops are 
including laser marking in their range if 
services, how do you differentiate the 
service that Fimark offers?
You can buy a Bridgeport for £500, but 
that does not make you an ISO9001 sub-
contract machining company operating 
to sub 10 microns.  You have to be able 
to get the best from your equipment and 
be able to measure what you have done. 
We have a CNC vision system for meas-
uring the position of graphics on compo-
nents and verification equipment for the 
encrypted machine readable codes we 
apply to many of the aerospace parts we 
see. Of course much of the work does 
not need that level of measurement and 
the basic marking of a part number can 
be checked simply enough.

If you are a laser cutting job shop it 
might make sense to have a basic mark-
ing laser and they are certainly cheap 
compared to 5 kW cutting lasers. Most 

of our work is on machined components 
so we are using X/Y tables and rotary 
axes much of the time. We are also pret-
ty flexible in what we can do with our 
lasers. Over the years we have worked 
with oil and gas parts 6 metres long 
down to components requiring text less 
than 0.2 mm high.

Ten years ago we became involved in the 
painting of plastics for the manufacture of 
backlit automotive buttons and fascias. In 
a sense I am running 2 different business-
es, one a subcontract marking business 
and one a tier 2 automotive business. 
Half the work we put through our lasers 
are components we have painted.

Are your business interests, and those 
of others who run laser job shops not 
involved with laser cutting, properly 
addressed by AILUs job shop group i.e. 
do you find enough in common with the 
business, commercial and safety issues 
of laser cutting subcontract work?
I have enough in common with the laser 
cutting community to find the AILU job 
shop group pretty useful. I enjoy hearing 
a slightly different perspective although 
obviously I don’t have to worry about 
gas or steel prices. If there were more 
marking job shops perhaps we could 
start our own sub group, but most of 
the issues we face are common to other 
manufacturing companies.

How local is your customer base and is 
being based in Surrey an advantage to 
your business?
We have customers all over the country 
and one or two on the continent. Our 
largest automotive job was stolen from 
a supplier in Germany so our customer 
is delighted to be able to visit us by car 
although they are in the north. Many of 
our customers are local and drop off 
and collect with their own transport. 
There are a lot of high end subcontract 
machinists serving all sectors in this 
area.

Do you feel that the laser marking busi-
ness is highly price competitive? Are 
you surprised that there isn’t more laser 
marking job shop activity in the UK?
Our market is very opaque and we are 
seldom told who we have lost work 
to when it happens. Sometimes we 
will quote and not hear anything for 6 
months and then the work will appear. 
Occasionally I am told of very cheap 
prices, but it is usually in sectors we 
have chosen to avoid. The price for 
marking a corporate gift is less than half 
what it was 15 years ago.

There may be more laser marking job 
shops than we realize. Another company 
on our industrial estate has a couple of 
lasers, but they never seem to advertise, 
yet claim to be busy.

The medical products and micro-
processing sectors are generally rec-
ognized as important growth areas and 
both provide significant opportunities 
for lasers, yet the UK job shop commu-
nity does not seem to have taken it on 
board. Where do you stand on this?
Presumably you are referring to the 
manufacture of stents and other medi-
cal devices by laser micro-machining. 
If confronted by a business opportunity 
I would look into it, but I wouldn’t just 
jump into a new market. You have a 
whole load of new marketing problems 
and it’s not as if I would be selling to 
existing customers. Technically I find 
all of this interesting, but for obvious 
reasons I am not that keen on having 
underused machines lying around.

Do you think that the case for using 
lasers for marking and engraving is still 
to be made in the UK or is industry suf-
ficiently aware of the laser advantage?
I meet a few people in manufacturing 
who are not even aware of the basics of 
laser processing, but I think that most 
know something now. We find that peo-
ple have often been told that you cannot 

Photo shows 90 W YAG in back-
ground with 600 x 300 mm X/Y 
 table and rotary axis. 1.8 mm  

diameter keyhole surgery tubes  
are being processed.
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EDITORIAL

Confidence is an 
elusive and fragile 
thing. It wasn’t long 
ago that most com-
mentators in the 
press were talking 
of flat conditions 
for years to come; 
sentiments echoed 
by my suppliers 
and customers. 
And yet… A few weeks of fine weather, 
some sporting successes, a wonderful 
Glastonbury and soon Proms and peo-
ple seem to have dusted off their pes-
simism. Recently we have had more 
large enquiries than I remember for 
several years. Will it last? Of course the 
weather won’t, this is Britain. But will 
the confidence stay?

AILU has an exciting program for the 
12 months ahead. In Bristol on the 24th 
September there is a 1 day workshop 
on Lasers in Composite manufac-
ture and Processing. Paul French at 
Liverpool John Moores University has 
put together a very full program.

Also in September the AILU supported 
Micro|Nano|Mems show, NEC 25-26 
September, followed on 17th October 
by the annual Job Shop Business 
Meeting. This year it is sponsored by 
Manufacturing Service Solutions and 
II-VI UK. Again a full program that will 
be of interest to Laser Job Shop own-
ers and managers and to laser users in 
industry.

We are planning a workshop in 
November on laser beam delivery and 
one in March 2014 on additive manu-
facturing. Then in April AILU is hosting 
a Laser Pavilion at MACH, again. The 
exhibitors I talked to last year thought 
it a success; there are things to do dif-
ferently but worth doing again. It is at 
NEC 7-11 April 2014. Full details at the 
back of this issue.

Something that has been bubbling 
along for a while now is a road map for 
Laser Materials Processing (LMP) in the 
UK. It is something that was strongly 
supported at the Farnham workshop 
in 2012 and it looks like we may now 
have funding for this so keep glancing 
at the website for more news.

And why do we do all of this? Because 
we have confidence in UK plc and in 
laser materials processing.

Neil Main
E: neilmain@micrometric.co.uk

PRESIDENT'S MESSAGEmark stainless steel or shiny surfaces. I 
think this comes from the people operat-
ing CO2 cabinet lasers who are working 
mostly with wood and paper.

Many of the drawings we see specify 
marking by laser whereas 10 years ago 
the drawings seldom mentioned laser, 
but rather more conventional mark-
ing methods like chemical etching and 
machine engraving.

The technology of laser marking 
machines can, at least in principle, be 
readily adapted to engraving, drilling, 
cutting and micro-processing in general; 
and in a wide range of materials. Have 
you been tempted to expand your use of 
the technology?
Over the years I have used our lasers 
to do all of those processes, but it is 
always a compromise when compared 
to a dedicated machine. We do some 
engraving, but the material removal rate 
is very low compared to conventional 
machine engraving so we tend to do 
low volume intricate work on high value 
components.

Where do you see future technological 
developments and application areas 
impacting on the laser-marking sector, if 
at all? 
There is work going on to increase mate-
rial removal rate so lasers will start to be 
used more for engraving and texturing. 
The beam will become more and more 
controllable. There is talk of being able 
to vary the power of each pulse and this 
will eventually allow marking of full gray 
scale images.

As a subcontractor what we need is 
faster marking of good contrast marks 
on stainless steel. I believe that the lat-
est generation of fibre lasers are twice 
as fast as anything that has gone before.

Do UK or EU-funded collaborative 
projects hold any interest to you? 

I was once involved in an EU project to 
develop a laser machine that could bond 
different coloured powders to plastic 
substrates. I had to get to Strasbourg a 
couple of times a year which was diffi-
cult because the EU would only allow Air 
France to fly there! If there was a project 
with genuine benefits to us I would get 
involved as I find it interesting meeting 
other people in the industrial laser world.

How has Fimark weathered the eco-
nomic downturn to date? Are you seeing 
signs of an upturn in your business?
2009 was pretty grim and we briefly 
went down to a four day week. Since 
then we have picked up more automo-
tive work and doubled our workforce.

Where do you envisage Fimark will be, 
in terms of its size and capabilities, in 5 
years time?
We have just ordered our first fibre laser 
which will have programmable Z and 
X drives and a tiltable rotary axis. I am 
looking forward to seeing what the fibre 
can do with its ability to vary pulse width 
and frequency up to 1 megahertz. I sus-
pect that we will slowly replace all our 
old lamp pumped YAGs. We will contin-
ue to concentrate on the aerospace and 
medical sectors and keep an eye out for 
any new markets for galvo-driven lasers. 
Unless something radical happens we 
will probably lose a few customers to 
their own machines, but I expect the 
subcontract marking market will gen-
tly grow. In terms of the automotive 
work we do, we are looking to achieve 
TS16949 early next year and if the right 
work comes along we could be looking 
for a bigger building.

Charles Dean 
E: info@fimark.com

Laser profiling used for Nelson Mandela Sculpture
Photos show 50 x ten metre high laser cut steel plates set into the landscape, representing the 
50 year anniversary of when and where Nelson Mandela was captured and arrested on August 6, 
1962 prior to his 27 years of incarceration. Standing at a particular point the columns come into 
focus and the image of Nelson Mandela can be seen. The sculptor was Marco Cianfanelli.  
Photos and text provided by AILU member John Bishop
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Back-to-Basics

Using pico-second laser machining for cutting-edge capabilities

Colin Moorhouse

A consequence of the rapid pace 
of innovation in high-tech indus-
tries is the increasing demand 

for precision micro-machining in next 
generation manufacturing. This has led 
to ultrafast (~10 picosecond*) indus-
trial lasers becoming an important 
tool for many applications; the high 
repetition rates now available helping 
to meet industrial throughput levels: 
such lasers provide lasers pulses with 
peak powers of mega-Watts* at a rate 
measured in mega-hertz*.

The short interaction time of a pico-
second laser pulse means that material 
can be ablated before the it has time to 
react to the thermal/mechanical shock 
of the pulse. Very high quality features 
can be produced by keeping the laser 
pulse energy close to the laser ablation 
threshold: for example, for micro-machin-
ing sensitive materials of thickness 
< 200 μm or so the combination of low 
pulse energy (e.g. < 20 μJ) and a high 
repetition rate of ~1 MHz tends to be 
used. For example, ultraviolet wavelength 
(a harmonic of the fundamental near 
infrared laser output) has been found to 
be particularly advantageous for micro-
machining transparent polymer materials 
with low melting points. This enabled the 
clean cutting and patterning of sensitive 
materials and thin films used in a number 
of novel devices. Such laser outputs can 
also be used to micro-machine wide 
band-gap “difficult” materials such as 
glass.

However, in applications such as drilling 
through-holes in materials thicker than 
0.5 mm, laser pulse energy >100 μJ 
is required and the high peak power of 
picosecond lasers means that almost 
any material can be micro-machined  
The Coherent Talisker HE Laser offers 
pulse energies of the order 200 μJ at 
repetition rate of 50 kHz, which is ideal 
for such drilling applications.

Bio-absorbable stent cutting
Over half a million stents per year are 
used in the US alone to prop open blood 
vessels. One complication of earlier 
designs of all-metal stents was resteno-
sis, where plaques form on the stent, 
re-blocking the opened blood vessel. In 
response, stent manufacturers devel-
oped a second generation of stents that 
were coated with a bio-absorbable plas-

tic containing an anti-restenosis drug, 
which when in place dissolved over a 
period of months. However, there are 
still potential long-term, post-operative 
complications with these stents This has 
resulted in the development of stents 
made of bio-absorbable polymer materi-
als, which disappear completely after 
providing a support framework over the 
critical months after vessel opening.

The bio-absorbable polymers used in 
these stents must be strong enough to 
withstand physical stresses within the 
body and there are already many types 
of materials that meet this criterion [1]. 
These materials have extreme thermally 
sensitivity, which in combination with 
the extremely high precision (< 20 μm) 
required in the manufacture of the stent 
structure makes laser micro-machining 
at deep UV wavelengths about the only 
suitable process, see figure 1. 

In such polymer micro-machining appli-
cation, Excimer lasers (which have UV 
short pulsed outputs) have strong com-
petition from the 355 nm 10 ps pulsed 
output from solid state lasers such as 
the Coherent Talisker laser, which was 
used for the cuts shown in Figure 1.

Other medical devices
To reduce the total cost of health care, 
the medical industry is attempting to 
treat patients less invasively with elec-
tronic sensors and medical devices 
inserted within medically safe tubes. 
Fluorinated ethylene propylene (FEP) 
is a bio-compatible polymer used for 
many medical devices since it can be 
extruded into very thin walled tubes and 

also has lower gas and vapour perme-
ability than other polymers.  Figure 2 
shows a 120 μm diameter holes drilled 
through 100 μm thick FEP at a rate 
of 0.8 s/hole with a picosecond laser 
at a laser wavelength of 355 nm. The 
sidewalls are seen to be very clean 
with no visible melt or thermal dam-
age. Machining these thin walled tubes 
without melting is very challenging and 
requires a UV wavelength because of 
the high transparency of the material at 
the fundamental 1 μm wavelength of the 
laser. Note also that the use of Excimer 
lasers requires a mask to produce the 
fine feature width required (since the 
beam cannot be tightly focussed), and 
in this example the hole spacing was 
large so would have to be drilled one at 
a time; resulting in a hole drilling speed 
considerably slower than the >1 hole/s 
achieved with a 355 nm Talisker laser. 
Furthermore, the nano-second pulse 
duration (1 ns = 1000 ps) of the Excimer 
laser results in a poorer hole quality.

Fuel injection nozzles
Fuel injection nozzle drilling for the 
automotive industry is an example of 
a high performance device demanding 
extremely precise dimensional control 
of the micro-machined part. The harsh 
operating conditions require the use of 
hard steels, resistant to wear and cor-
rosion with a typical thickness of 1 mm 
to withstand the high fuel pressures 
and the optimal diameter and shape 
of the fuel injection nozzles requires 
repeatable hole diameters of the order 
± 2 μm. Current nozzles are typically 
around 200 μm diameter; however, with 

* Note on units: 1 picosecond (ps) = 10-12 (=1/1,000,000,000,000) s; 1 mega-hertz (MHz) = 1,000,000 pulses/ sec; 1 mega-Watt (MW) = 1,000,000 Watt

Figure 1: Cuts through 200 µm poly (L-lactic acid) 
material PLLA bio-absorbable tubing using 10 µJ, 
355 nm picosecond pulses from a Coherent 
Talisker laser.

Figure 2 Drilled holes in 100µm FEP tube using 
10µJ 355nm picosecond pulses with no post-
process cleaning used.  Image supplied courtesy 
of Resonetics.
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smaller diameter apertures the velocity 
of the flow would increase and thereby 
promote more complete atomization 
of the fuel as it enters the combustion 
chamber, resulting in finer droplets that 
will mix more effectively with the air to 
produce more complete combustion 
and reduced environmental emissions. 
At present this is achieved by Electro-
Discharge Machining (EDM). One advan-
tage of the laser over EDM is speed and 
another is the non-contact nature of the 
laser interaction: In EDM machining the 
electrode is continually wearing down, 
which has an effect on the hole quality.
Drilling by trepanning the laser beam 
reduces the amount of burr or recast 
produced during the process. Helical 
drill optics allow higher quality holes to 
be drilled and also the freedom to form 
(a) taperless or (b) reverse taper nozzle 
shapes, which allow more control over 
the fuel atomisation**. 

Size and wall quality
A further advantage of picosecond laser 
drilling over EDM is its capability to drill 
smaller hole sizes (~100 μm) through 
1 mm steel, which is highlighted in 
Figure 3 where a comparison is made of 
holes drilled by (a) EDM and (b) picosec-
ond laser drilled hole using helical drill 
optics and helium assist gas. 

The pitted sidewalls produced by EDM 
machining are due to the high localised 
temperatures produced discharge ero-
sion of the steel. In comparison, the 
optimized picosecond laser process 
offers drilled holes with smooth sidewalls 
and entrance/exit holes using helical drill 
optics; helium assist gas is used with 
this process to mitigate plasma forma-
tion that can create debris and recast.  

Note that (as in this example) negative 
taper holes can be drilled, which are not 
possible by EDM.

Micro-machining of glass
Glass is increasingly utilized for many 
devices, particularly as more handheld 
devices include large displays. Through 
holes in glass can be used for intercon-
nects, to accommodate watch hands 
in wrist watch faces and allow special 
shaped holes for mounting screws. 
Interconnection by glass interposers pro-
vide an attractive alternative to silicon or 
organic materials since the coefficient of 
thermal expansion of glass matches the 
silicon dies, making the package more 
reliable, and glass is more dimensionally 
stable than packaging materials such 
as FR4. Laser machining of glass is dif-
ficult since it is highly transparent to the 
near infrared laser beam and is prone to 
cracking if it is heated up too quickly. 

Drilling of through holes in glass
Diamond drills are most commonly used 
to make holes in glass (EDM is unsuit-
able for drilling non-conductive materi-
als), but it is a slow grinding process 
which weakens the mechanical strength 
of the glass. The high peak power of a 
pico-second laser offers the opportunity 
to drill glass with little or no thermal 
loading and a high pulse energy >100μJ 
allows glass to be drilled very effectively, 
producing holes with no microcracks 
- see figure 4. Table 1 provides a com-
parison of 4 point bend test measure-
ments of fracture strength of 1 mm thick 
glass with and without a 1 mm diameter 
through hole. The ps laser drilled through 
holes have almost the same fracture 
strength as the bare glass without any 

holes, implying that the laser drilling 
caused no structural weakening of the 
glass.  As with injection nozzle drilling, 
helical drill optics can be used to pro-
duce taper-free holes.

Conclusions
The unique combination of short pulse 
duration and ultraviolet wavelength is 
ideal for drilling and cutting transparent 
polymer materials used in modern medi-
cal devices.  Furthermore, pico-second 
lasers of higher energy can drill high 
aspect ratio fuel injection nozzles in 1mm 
steel of better quality than EDM drilled 
holes; they can also drill high quality 
through holes in 1 mm thick glass with-
out weakening its mechanical strength. 
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** For a recent article on the helical drilling technique see The Laser User Issue 68, p 19 (Winter 2012)

Fig. 3. Comparison of holes drilled in 1 mm thick steel by (a) EDM and  
(b) picosecond laser. The laser drilled holes are narrower with cleaner sidewalls.

a b

140 μm

140 μm

140 μm

140 μm

140 μm

152 μm

140 μm

165 μm

Drilling technique Fracture force

none (bare glass) 100 a.u.

Diamond drill 57 a.u.

IR ps laser 96 a.u.

ns laser 51 a.u.

Figure 4: SEM image of 
a 1 mm diameter holes 
drilled in 1 mm thick 
glass using 1064 nm 
150 µJ, 10 ps pulses 
at a repetition rate of 
50 kHz.

Table 1 Comparison of fracture strength 
measured by four point bend tests of 1mm thick 
glass before and after drilling 1mm diameter 
through holes using ns laser, ps laser and 
diamond drill.
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A typical laser processing 
machine fully encloses a Class 
4 laser and, with the aid of 

interlocks and a safety control sys-
tem, such machines are laser-safe 
during normal operation. Even for 
these machines however, service-type 
operations can potentially expose 
personnel to the beam of the Class 
4 laser. This is not only relevant for 
eye protection, for which adequate 
personal protective equipment (PPE) 
exists, but also for the skin. However, 
almost no adequate certified laser 
PPE is available for skin protection up 
to now, although the consequences of 
skin injuries caused by intensive laser 
radiation may be serious. Only a few 
more or less common sense recom-
mendations can be found regarding 
the type of clothing to be worn, e.g. 
low flammability (see EN ISO 11611 
and EN ISO 11612). Rules and stand-
ards for laser-protective clothing do 
not exist. If laser PPE for skin protec-
tion is needed, protective clothing 
originally produced for other industrial 
sectors (e.g. clothing for welders) is 
typically used.

Hand-held laser processing devices 
(HLDs) represent a niche application 
in the field of industrial laser material 
processing. Such hand-held systems 
provide a high degree of freedom and 
thus pose a significantly higher potential 
laser exposure risk. This means that the 
HLD operator usually works under Class 
4 conditions. In contrast to the typical 
usage of automated systems, the laser 
system user is specifically trained and 
safety shielding and sensors reduce the 
risk of injury. However, the possibility of 
laser skin injuries remains.

There are two approaches to laser 
guarding in general: 
• passive protection by materials or 

material combinations that provide a 
high level of laser resistance

• active protection by means of materi-
als incorporating sensors that detect 
laser exposure and are, by means of 
a safety control, able to deactivate 
the laser beam automatically before 

complete material failure and corre-
sponding skin injuries occur.

The main objective of this work was to 
combine innovative laser technology 
with high performance textile technology 
in order to develop adequate passive 
and active protective clothing for protec-
tion against accidental laser irradiation 
and of adequate active protective cur-
tains. In the absence of PPE regulations 
for testing and qualifying laser protective 
textiles, test methods were defined and 
validated and set-ups for textile testing 
were developed. 

Main results
Passive laser-protection
Passive laser PPE serves as a screen 
in order to protect the operator’s skin 
directly under the clothing against inci-
dent laser radiation for a sufficiently long 
time for the wearer to move the body out 
of the way of the laser beam; this implies 
that the user must feel some pain to initi-
ate the avoidance reflex before a second 
degree burn (blister formation) occurs. 
Based on studies by Stoll and Chianta 
[1] and typical human reaction times 
discussed by Siekmann [2], the so-called 
Stoll/Chianta criterion was defined. 
According to this criterion, laser PPE 
is suitable up to a certain laser power 
density if the time between the onset of 
pain (first stimulus) and 2nd degree burn 
exceeds 4 seconds. See also Puester et 
al. [3] and Figure 2. 

The second criterion is the textile’s 
opacity at the laser wavelength in 
relation to the appropriate Maximum 
Permissible Exposure of the skin.

The textile structures developed for this 
application comprised one or more lay-
ers. In case of a 3-layers construction for 
instance, the outer layer was intended to 
diffusely reflect the incident radiation, the 
middle layer was to absorb the transmit-
ted laser power over a larger surface 
area by scattering the radiation and by 
heat conduction. The inner layer is an 
additional thermally insulating barrier but 
consistent with a small part of the laser 
beam energy reaching the skin in order 
to cause a pain perception and a rapid 
response by the wearer.

Active laser-protective systems
In addition to a degree of passive pro-
tection, active laser-protective systems 
must incorporate sensors that, linked to 
a safety control system, terminate the 
laser emission. For this purpose, sensors 
are integrated into a textile multi-layer 
construction, generating a suitable signal 
when excessively exposed.  

The two types of sensor systems devel-
oped in this work are based on irrevers-
ible changes in electrical properties i.e. 
the sensor would have to be repaired or 
exchanged after an overexposure. In one, 
a wire-based electrical circuit is broken 
by the laser radiation. In the other, a 
multi-layer structure with conductive lay-
ers on the outer surfaces is used; upon 
laser exposure, the conductive layers 
are connected due to melting, causing a 
significant change of the electric imped-
ance. The sensors are integrated in the 
multi-layer structure in such a way that 
they are protected against mechanical 
influences as well as against a premature 
activation by a very low laser exposure. 
Moreover, the materials below the sen-
sor layer have to provide the user with 
sufficient passive protection during the 
time span between detection and laser 
shutdown.

To ensure a high degree of movement 
freedom and comfort for the user, a wire-
less (bluetooth) connection to the safety 
control system is used. 

Evaluation and assessment
Skin PPE against laser radiation has to 
meet two main criteria: (i) the so-called 
Stoll/Chianta criterion and (ii) the compli-
ance with the MPE

skin value. In addition, 
there are secondary evaluation criteria to 
be considered:

• Changes of the material structure 
(hole formation, shrinkage, etc.), by 
means of visual assessment

• An after-burning time of ≤ 2 s as set 
by EN ISO 15025. 

• The textile multi-layer systems 
should be washable or clean-
able without suffering a significant 
change of the specific optical and 
thermo-physical properties.

Using passive and active protective clothing against 
high-power laser radiation

Christian Hennigs, Michael Hustedt, Stefan Kaierle, Dirk Wenzel,  
Sandra Markstein and Andreas Hutter

SAFETY



19The Laser User       Issue 70, Summer 2013

• The high-tech textile material com-
bination should have a sufficiently 
high temperature resistance.

Tests showed that by careful choice of 
textiles and coatings, passive systems 
could provide at least four seconds 
protection against incident laser radia-
tion at an average power density of up 
to 120 kW/m2 in light (300 g/m2) textile 
structures and up to 900 kW/m2 in heavi-
er (1000 g/m2) multi-layer structures (e.g. 
12 W and 90 W, respectively, for a 1cm2 
beam). In the latter case, the protective 
ability exceeds that provided by skin-
protective PPE currently available on the 
market by more than ten times.

Active laser PPE systems using the sen-
sors described above are able to gener-
ate signals that can cause laser shut-
down in ≤100 ms using a wireless con-
nection. Based on these results, laser-
protective clothing can be manufactured 
ensuring protection against laser power 
densities of up to about 20 MW/m² (e.g. 
a 2 kW beam of 1 cm2 area) by fast laser 
deactivation. Even higher power densi-
ties may be possible.

Prototypes of passive and active laser 
PPE and curtains
To address the large number of possible 
laser applications, a range of passive and 
active PPE prototypes such as aprons, 
jackets, gloves, trousers and curtains 
have been realized, and different com-

binations and layer 
thicknesses have 
been tried. Outer 
layer materials have 
been used without 
reflective coating 
in part, such as in 
the design of gloves 
where sensitivity and 
haptic considera-
tions are prominent, 
or in the design of 
jackets or trousers 
where higher comfort 

and breathability are required. However 
in case of uncoated materials, lower 
degrees of laser protection are provided. 
For active prototypes, where a multi-layer 
system with embedded sensor elements 
is used, it is important that the outer 
layer is coated to reduce the energy input 
into the material as much as possible.

Examples of practical tests performed on 
laser-protective clothing to assess ergo-
nomics and wearing comfort are shown 
in Figure 1. Jackets, gloves, aprons, and 
trousers have been evaluated using a 
hand-held material processing device 
coupled to a ≤ 5 kW laser system.

In Figure 2, a measurement example for 
the thermal qualification of a potential 
laser PPE material is shown. For this 
qualification, a calorimetric system was 
used, the experimental setup adjusted to 
match the laser parameters (in particular 
the spot diameter). 

Future work
A major objective of future development 
work will be the reduction of the mass 
per area of the multi-layer systems to 
improve the everyday suitability of pro-
tective laser clothing. For this purpose, 
feedback of industrial users with respect 
to ergonomics and any discomfort expe-
rienced during practical tests shall be 
taken into account.

Currently, the safety levels required for 
gloves used in or near 
the focus of a pulsed 
or cw high-power 
laser system cannot 
be met in a way that 
also provides sufficient 
handling capability 
(e.g. for feeding filler 
wire in welding opera-
tions, typically with 
diameters in the range 
of 0.3 mm). Therefore, 
alternative safety 
concepts have to be 
investigated in future.

PPE requires test house certification and 
a standard for testing has therefore to 
be devised (cf. EN 207 for PPE for laser 
eye protection). A first step has been 
taken with the development of a test 
procedure for the evaluation of textiles 
to be used as laser PPE and its submis-
sion to the appropriate European stand-
ardization body (CEN), where Technical 
Committee 162 will consider expanding 
the scope of existing standards (e.g. 
EN ISO 11612 ‘Protective clothing – 
Clothing to protect against heat and 
flame’); if none are found suitable, the 
development of a new standard specific 
to laser PPE will be considered.
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Figure 1: Field tests (l to r): pulsed laser welding with manual wire feed; 3D 
robot system; using a hand held device; mobile laser cleaning.

Figure 2: Examples of results for the thermal qualification of a textile sample 
(in this case, a single layer) using a calorimeter (laser power 46 W, spot 
diameter 15 mm, wavelength 940 nm).
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In this paper a laser surface sculpt-
ing technique is described that 
uses a commercial nanosecond 

pulsed ultraviolet laser to drive a 
highly localised melting and melt flow 
process on the surface of a metal. 
This technique is potentially a direct 
write laser-based process for textur-
ing of metallic surfaces with sub-
micron depth features, as is demon-
strated by the production of reflective 
2D matrices on mechanically polished 
stainless steel samples. 

There are a large number of applications 
for Diffractive Optical Elements. These 
DOEs are generally produced in plastics 
or glasses using replication techniques 
such as embossing, moulding and cast-
ing where the master is usually created 
by high resolution lithography. However, 
where the requirement is for low vol-
ume, bespoke DOEs the technique is 
expensive and lacks flexibility; and it is 
for this that the laser sculpting technique 
described here may prove to be a par-
ticularly attractive alternative. 

Laser texturing of surfaces
In conventional nanosecond laser-
based processes material is removed 
by ablation. In contrast, the technique 
described here exploits lower laser pow-
ers: the material is only heated to melt-
ing and the melt pools exist for, at most, 
a few 100’s of nano seconds before it 
re-solidifies. During this process various 
melt fluctuations arise in the hot liquid 
phase. By controlling the laser beam 
parameters such as spot size, profile 
and power, these melt fluctuations can 
be used to create accurately defined 
surface deformations. 

Indeed, it is important to ensure that 
no ablation occurs in the process as 
vaporisation of the material would create 
a local recoil pressure which would lead 
to much more (unwanted) melt flow and 
even melt ejection, resulting in rough 
scattering surfaces. 

We have previously proven the technique 
to generate sub-micron depth features 
on the surface of stainless steel samples 
and create reflective diffractive grat-
ings integrated in commercial Optical 
Position Encoders [1]. In the advanced 

application described 
here, a nanosecond 
Nd:YAG laser, tripled at 
355 nm, is used to cre-
ate more complex 2D 
diffractive structures at 
the surface of polished 
metal substrates. 

The generation of such 
small features involves 
various processes: par-
tial radiation absorp-
tion at the surface of 
the material, substrate 
heating, heat propaga-
tion, local melting and 
expansion of the local melt pool as well 
as chemical diffusion. After the initial 
coupling of the incident laser power to 
the material, the melt front propagates 
across the substrate and melt flows 
develop, driven by thermal gradients. 
The local deformations that are pro-
duced are particularly influenced by 
the chemical compositions of both the 
material and the atmosphere in contact 
with the surface of the melt: these fac-
tors have a strong impact on the shape 
and depth of the features as well as on 
the process repeatability [2]. 

Results
The experimental layout is shown in 
figure 1. The laser source was a JDSU 
Nd:YAG q-switched laser operating at 
355 nm with a pulse width of 35 ns. 
Various physical masks were suitably 
positioned in a 4f imaging system with 
a reducing factor coefficient of 33. The 
metal substrates were placed at the 
laser focus using a XYZ translation stage 
and were moved across the focused 
beam along the longitudinal axis. 

The procedure relies on highly accurate 
positioning of the target. Depending 
on the material, single or multiple laser 
pulses are required to shape each pixel 
before the sample is moved to the next 
position to be textured. This motion and 
dynamic laser control is automated by a 
PC and servo control hardware.

Laser textured 2D structures
The aim was to manufacture 2D diffrac-
tive structures with overall dimension of 
a few mm square. These 2D matrices 

and checkerboards were used as proof-
of-concept structures. 

Nickel 600 and martensitic stainless 
steel were used as substrates. The pre-
polished samples were laser processed 
in air, at room temperature without any 
active cooling of the substrates. 

Figure 2 shows 
a White Light 
Interferometer 
(WLI) image of 5 
element matrices 
marked in paral-
lel with an opti-
cal mask. Each 
~10 μm×10 μm 
pixel is ~600 nm 
peak-to-trough 
deep. Each 
matrix was 
marked using a 
set of 40 pulses of 1 μJ emitted at 355 
nm at 10 KHz repetition rate. 

With the same experimental arrange-
ment, figure 3 shows a pixel marked 
on a nickel 600 sample by imaging a 
1×1 mm square mask. Visible re-solid-

Laser sculpting diffractive optical structures on metals

Stéphanie Giet, Andrew Dunn, Marcus Ardron, Matt Kidd, Robert Maier,  
Nick Weston and Duncan Hand

SURFACE SCULPTING

Figure 1: Setup schematic for the laser surface texturing of metal samples. 
A high quality TEM00 beam was expanded to illuminate a physical mask 
positioned in a 4f system. Laser triggering and position control of the fast 
translation stage are computer controlled. The optical elements are fixed.

Spherical expander

Mask
Metal sample

Translation stage

Lens
Lens Mirror

Figure 2:  White Light Interferometer image of 5 
pixel structures marked on stainless steel.

Figure 3: A WLI image of a 
30×30 µm pixel marked on a 
nickel samples with 1 pulse 
of 1 µJ energy. The depth 
achieved is 1± 0.1 µm.
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ified melt flow formations are visible at 
the bottom of the marking. 

Previous investigations [2, 3, 4] have 
demonstrated that the composition 
of the material as well as that of the 
machining gas, have a strong influence 
on the behaviour in the molten material. 
Results shown in figure 4 clearly show 
that the final depth and shape of the 
re-solidified nickel markings vary widely 
with the machining atmosphere. 

Results show that the maximum depth 
achievable is also limited by the size 
of the pixel and is influenced by the 
strength of surface tensions driving the 
melt flows. In other words, for small fea-
tures where the melt pool is intrinsically 
shallow, we believe that the shoulders of 
the bowl-shaped feature impede the nat-
ural melt flows. The shoulders’ heights 
reach a maximum value and the melt 
pool can only flow within this volume i.e.  
the confining factor has an impact on 
the melt flow and limits the final depth 
and profile of the ‘pixel’ created. 

For the larger markings (30 × 30 μm) 
with shallow depth (around 500 nm), 
the profiles show a flat trough (as in 
figure 3). For 10 ×10 μm pixels marked 
in air, the typical bowl-shape profile 

depends on the temperature of 
the melt pool and the thermal 
characteristics of the molten 
materials: viscosity, surface 
tension, temperature gradient 
across the melt pool, cooling 
speed 

Diffraction patterns
Diffraction patterns were used 
to investigate the practical usa-
bility of these micro-sculpted 
pixels. 

An optical image of a check-
erboard pattern with a 30 μm 
period on Martensitic stainless 
steel is shown in Figure 5. The 
diffracted pattern for 633 nm 

incident radiation is shown in Figure 6. 
First and higher diffraction orders are 
clearly visible; pattern geometry and fea-
ture depth (optimised for 800nm) lead to 
high intensity zeroth order.

Fraunhofer model
In conjunction with the experiments, 
a numerical simulation was written in 
Matlab using the Fraunhofer diffrac-
tion approximation to calculate the two 
dimensional diffraction pattern, for com-
parison with experimental results. 

A section containing four features of a 
checkerboard patterned surface was 
scanned with an AFM; the result then 
concatenated in two directions to give 
a numerical representation of a larger 
area containing many features. With 
λ=670nm, a Fraunhoffer model was 
used to predict the far-field diffraction 
of a plane wave reflected from this sur-
face.  Predicted and measured diffrac-
tion patterns shared similarities but the 
measured results lacked higher orders 
due to larger irregularities in the real data 
compared to the composite modelled 
surface.

Conclusions
Currently a step and repeat process, this 
nanosecond laser based micro sculpt-
ing technique can generate 2D surface 
matrices on metals. It harnesses local 
melt flows at the surface of metals to 
create matrices with ~10 x10 μm pixels 
on stainless steel and various high-value 
metals.

This method is evolving towards a more 
flexible approach with the use of adap-
tive optics and rapid on-the-fly marking. 
Indeed, further work includes the inte-
gration of flexible masking techniques 
and parallel machining to generate more 
complex 2D structures. Improvements 
on the Fraunhofer model are being 
implemented to allow more realistic 
comparison of experimental diffracted 
patterns with model predictions.
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The last few years have seen 
much activity towards the 
implementation of laser-based 

ignition systems in place of conven-
tional high energy spark ignition in the 
combustion chambers of gas turbines. 
Laser ignition (LI) offers the advan-
tage of physically removing the ignitor 
assembly from the combustion cham-
ber, thereby overcoming the durabil-
ity limitation of spark plugs. LI also 
offers the potential of more efficient 
combustion, thereby reducing the rate 
of combustion deposit accumulation. 
Combustion deposits severely affect 
the degree to which a fuel spray can 
be atomized during fuel injection, as 
well as damaging spark plugs and 
posing a problem for LI in that they 
can contaminate the optical window 
that transmits the laser radiation into 
the combustion chamber.  

Lasers have the proven potential to be 
used for in-process removal of combus-
tion deposits from optical windows in a 
non-contact process. For example, in 
studies by Alfier et al [1,2] a threshold 
energy density for complete removal 
of combustion deposits (defined as 
achieving approximately 95% optical 
transmission) was determined using a 
Q-switched laser source operating at 
1064 nm wavelength. It may be pos-
sible to provide effective laser cleaning 
by appropriate choice of laser power 
and window position (the so called ‘self-
cleaning’ effect [3]). However, achieving 
this may undermine an inherent advan-
tage of laser based ignition systems; the 
ability to freely manipulate the ignition 
location within the combustion chamber.

Results
Lasers have the proven potential to be 
used for in-process removal of combus-
tion deposits from optical windows in a 
non-contact process. For example, in 
studies by Alfier et al [1,2] a threshold 
energy density for complete removal 
of combustion deposits (defined as 
achieving approximately 95% optical 
transmission) was determined using a 
Q-switched laser source operating at 
1064 nm wavelength. It may be possible 
to provide effective laser cleaning by 
appropriate choice of laser power and 

window position 
(the so called ‘self-
cleaning’ effect [3]). 
However, achieving 
this may undermine 
an inherent advan-
tage of laser based 
ignition systems; 
the ability to freely 
manipulate the igni-
tion location within 
the combustion 
chamber. 

Borosilicate glass 
was chosen as a cost effective and suit-
able approximation of N-BK7 glass, a 
likely candidate for use in LI systems 
utilizing visible wavelengths. 

The outer surface output window was 
coated with graphite spray to simulate 
the accumulation of deposits (pre-
dominantly carbon) on the walls of the 
combustion chamber. The average layer 
thickness was approximately 0.15 mm. 

Breakdown threshold
With the coated output window 
removed, figure 2 plots laser pulse 
energy against the laser pulse energy 
measured after passing through focus. 
Note that before breakdown occurs at 
focus (at pulse energy ≤ 6 mJ) the beam 
is essentially transmitted without loss. 
Between 7 and 10 mJ, there is inconsist-
ent optical breakdown (spark formation). 
Consistent spark 
formation occurs 
at pulse energies 
above 10 mJ.

Output window 
cleaning
With the carbon 
coated window 
in place at least 
partial removal of 
the coating was 
achieved at all the 
pulse energies 
(5-55 mJ) and dis-
tances from focal 
position (10-100 
mm) investigated, 
whilst spark forma-
tion occurred at 
all pulse energies 

when the window was placed within 50 
mm of the focal position. In particular, 
with the output window 10 mm from the 
focal point of the 200 mm lens, equiva-
lent to the position the spark would 
occupy in a LI system, complete removal 
of the carbon layer was achieved, even 
at pulse energies below that required for 
spark formation (<6 mJ). 

Mechanism of deposit removal
Two distinct regimes can be identified 
for the removal of the carbon layer from 
the glass substrate, complete and partial 
removal. This corresponds to the two 
principle mechanisms by which contami-
nant layers are removed from surfaces 
during laser processing; vaporization 
and impact. The left hand set of pictures 
in figure 3 shows the in-process removal 
of the carbon layer in the case of partial 

Laser cleaning of the output window in a laser ignition 
system for gas turbines

Jonathan Griffiths and Jonathan Lawrence

CLEANING

Figure 1: Output window cleaning experimental set-up with (1) laser source, (2) 
Galilean beam expander, (3) beam steering mirrors, (4) variable attenuator, (5) 
plano-convex focussing lens, (6) graphite coated output window and (7) pulse 
energy meter.

Figure 2: Transmitted laser pulse energy and spark probability with increasing 
laser pulse energy (532 nm, 10 Hz).
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removal. A significant amount of debris 
removal from the surface after the ini-
tial pulse is evident, with subsequent 
pulses resulting in intermittent or no 
spark formation. This mechanical expul-
sion suggests that removal occurs as 
a result of impact pressure exerted by 
partial vaporization of the carbon layer. 
The right hand set of pictures in figure 
3 shows the case of complete removal. 
In this instance a significant amount of 
vaporization is clearly visible as a result 
of the initial pulse, with minimal debris 
removal occurring as a result of mechan-
ical expulsion and consistent spark 
formation with subsequent pulses. This 
suggests that the mechanism is predom-
inantly vaporization based. However, it 
is important to note that surface removal 
is not limited to a single mechanism and 
that there may be an overlap between 
the cleaning mechanisms.

The surface morphology of the output 
window after in-process removal of the 

carbon layer was analysed using white 
light interferometry. The results, shown in 
figure 4, reveal no appreciable damage 
to the surface of a laser cleaned output 
window, indicating that selective vapori-
zation of the carbon layer is the active 
mechanism of removal.

Conclusions
The removal of a carbon layer from the 
reverse side of a borosilicate glass out-
put window using a Q-switched Nd:YAG 
laser source was investigated. An empir-
ical study was conducted in which the 
laser pulse energy and position of the 
output window were varied in order to 
determine a suitable processing window 
for laser ignition.

For the laser and optical parameters 
chosen for this study a threshold pulse 
energy for spark formation found to be 
7 mJ, with a pulse energy of ≥10 mJ 
being required for consistent spark for-
mation. 

For pulse energies above the 10 mJ 
threshold for consistent spark forma-
tion, the effect of position of the output 
window relative to the ignition location 
was assessed with regard to in-process 
removal of a carbon layer on the win-
dow, simulating combustion deposits. 
For a given laser pulse energy the posi-
tion of the output window in the optical 
path was found to be paramount with 
regard to 100% removal of the carbon 
layer, and in this study the position was 
25 mm or less from the ignition point, 
beyond which only partial removal of the 
coating was possible. This self-cleaning 
process was found particularly attractive 
in that no appreciable alteration in sur-
face morphology of the glass substrate 
was found.

This work has demonstrated that the 
configuration of the optical system is an 
important consideration when selecting 

ignition location within the combustion 
chamber. Key operating parameters 
have been identified as focal length of 
the lens, beam diameter incident on 
the lens and laser pulse energy. Further 
investigation is required into the effect of 
repeated in-process removal on the sur-
face morphology of the output window.
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CLEANING

Figure 3: Photographs side on the direction of laser beam travel showing optical emission during 
the cleaning process, the window on the right side and the beam focus 10 mm to the left: (left hand 
set, corresponding to 5 mJ pulse energy) (a) Initial pulse incident on window, (b) Subsequent pulse 
(0.1 s later) with deposits removal evident in the scattered 532 nm (green) laser radiation, (c) No spark 
formation at beam focus); and (right hand set, corresponding to 10 mJ pulse energy) (a) initial pulse 
removing graphite coating from window, (b) subsequent pulse (0.1 s later) resulting in remaining deposit 
removal and spark formation, (c) consistent spark formation on subsequent pulses. The left hand set 
corresponds to partial removal of the coating, the right hand set corresponds to complete removal.

Figure 4: WLI image of the central portion of 
borosilicate glass surface (a) before in-process 
removal and (b) after in-process removal (15 mJ, 
532 nm, 10 Hz, 10 mm from focal position).

a
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Aside from conventional weld-
ing methods, laser welding of 
plastics has established itself 

as a proven bonding method, with 
many applications in the automotive, 
electronic, medical, human care, food 
packaging and consumer electronics 
markets.  It is particularly within this 
context that the fast power control-
lability of direct diode lasers com-
bined with non-contact temperature 
measurement makes them an ideal 
tool. These advantages come in to 
full effect for when they are used for 
welding delicate and sensitive plastic 
components or for soldering small 
parts in temperature sensitive envi-
ronments. 

Selective Soldering
In selective soldering of electronic com-
ponents is a joining method using a filler 
material (solder) to fills the joint gap and 
the surfaces to be connected. Soldering 
is mainly used in the production of elec-
tronic assemblies and for connecting 
electronic components to circuit boards 
or conducting paths.

For some electronic applications mass 
soldering processes, where electronic 
components and the PCB including the 
solder are heated up simultaneously in 
an oven, is appropriate. For sensitive 
components or soldering in heat sensi-
tive surroundings (like plastic housings) 
a selective soldering method is needed. 
Conventional selective soldering requires 
mechanical contact with a hot surface, 
but in situations where limited space 
restricts such contact or where heat 
flow into the joint is to be controlled, 
laser soldering offers clear advantages. 
In particular, the applied energy input 
is highly localized and well defined. For 
example, small components can be 
reliably soldered, so too when solder-
ing close to elements that must not be 
heated or when the parts to be soldered 
are temperature sensitive. See examples 
in figure 1.  

Fibre-coupled direct diodes are often 
used for selective laser soldering proc-
esses. At the output of the fibre cable, 
the laser beam passes through a fixed 
focusing optic. A typical focused output 

diameter from such a source is 180μm. 
The solder material that is needed for 
the process can be provided by wire 
feeding systems or can be applied in 
advance by solder paste or pre-tinning

Pyrometer process control
The soldering process is divided mainly 
into three phases: heating, yielding and 
wetting. The first phase takes the parts 
to be soldered up to process tempera-
ture determined by the solder material. 
In the second phase the solder mate-
rial flows to the parts to be wetted and 
the duration of this phase needs to be 
adjusted accordingly to the size of the 
parts and the size and condition of the 
soldering joint; and the soldering tem-
perature must be held constant. Within 
the final phase the molten solder mate-
rial wets the metal surface of the parts 
to be soldered; requiring, the surfaces 
to be free of contamination and oxide 
layers.

Optimisation of 
the temperature 
vs. time charac-
teristic is therefore 
important for the 
best results during 
selective solder-
ing. For example, 
figure 2 shows 
the temporal tem-
perature profile 
achieved with a 
non-contact tem-
perature measure-
ment in combina-
tion with the diode 
laser system in 
which a pyrometer 
viewing path is 

made co-axial with the focused laser 
beam. The closed loop between solder-
joint temperature and power output of 
the diode laser system provides precise 
process control. Note that the pyrom-
eter measurement can also be used for 
automatic validation of good joints and 
rejection of bad joints. 

Plastic welding
With few exceptions, the laser welding 
of plastics is a transmission process in 
which the components to be welded are 
overlapped. As shown in figure 3 the 
upper joining transmits the laser radia-
tion which is absorbed by the lower 
part to be joined, which is melted. Heat 
transfer also melts the upper layer and 
a weld between the two parts is pro-
duced. The transmission properties at 
the laser wavelength of the components 
to be welded are therefore important in 
this method.

Diode lasers in plastic welding and selective laser  
soldering: applications and products

Steffen Reinl

JOINING

Figure 2: Temperature control of the solder process. The blue line shows solder 
joint temperature using pyrometer control of laser power during the soldering 
process. the red line shows temperature fluctuations without temperature 
control. The Dilas processing head shown top right has an integrated pyrometer 
for online temperature measurement.   

Figure 1: Typical application examples for selective laser soldering. a)  Temperature sensitive 
surrounding.  b) bad accessibility and c) sensitive LED devices  (Courtesy of EUTECT GmbH)

a b c
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Typically, diode lasers used for the weld-
ing of plastics emits at a near-infrared 
wavelength between 800 and 1000 nm. 
Most non-coloured thermoplastics have 
good transmission in this wavelength 
range. 

An absorbing material such as carbon 
black can be added to the interspace 
and/or special additives can be incor-
porated into the plastics as well. Colour 
combinations are possible that are trans-
parent to visible light but absorb at the 
wavelength of the laser or that strongly 
absorb visible laser light but transmit at 
the laser wavelength.

Process advantages through laser use
Laser welding already competes strongly 
with conventional joining methods, yet 
offers process advantages that will 
become increasingly relevant in the 
future. In particular, the ability to con-
trol the energy input into the joining 
zone has been found to be a significant 
advantage for many assemblies.

Quality and process control
As with other joining methods, the issue 
of quality control also arises in laser 
welding. How can one confirm qual-
ity during the welding process and/ or 
separate good parts from bad parts? 
How can the number of rejected parts 
be reduced by appropriate process con-
trol? One opportunity for quality assess-
ment, which is also used in ultrasonic 
welding, is to measure the variation of 
a parameter along a set welding path. 
Such a path can be realized by using a 
galvo scanner that drives the laser beam 
around a fixed closed path quickly using 
two internal mirrors, such as is shown in 
figure 4.

The laser beam is rapidly deflected over 
a programmable welding contour and 
the contour is melted almost simultane-
ously. By pressing the upper part with 
a mechanical clamping device into the 
molten material, a defined collapse can 
be measured. If the joining partners 

are compatible and weldable, one can 
equate the collapse with a good quality 
weld. If the predetermined time-distance 
curve has not been met, the welding 
seam quality may not be sufficient and 
the part can be rejected.

An alternative way to assess the weld 
quality is by using a remote pyrometer 
measurement of the molten material 
during the welding process. Processing 
heads with an integrated pyrometer in 
combination with the diode laser allows 
a rapid control of the welding tem-
perature and the detection of welding 
defects. The advantage of a temperature 
control during the welding process (so-
called closed-loop process) is becoming 
clear when the components to be weld-
ed show a certain inhomogeneity with 
respect to their optical properties. Such 
inhomogeneities can occur when the 
components are reinforced with glass 
fibres. For example, with automatic laser 
power control maintaining the required 
temperature these inhomogeneities can 
be compensated for. Moreover, whilst 
pyrometer control compensate for a 
defective weld area, a sudden increase 
in the temperature signal (caused by, 
for example, a contaminated surface 
that absorbs more laser radiation or a 
poor or non-existing mechanical contact 
between the two welding partners) may 
indicate this. Likewise, the pyrometer 
will detect if the required welding tem-
perature is not achieved, e.g. by lack of 
laser power. If the upper and lower tem-
perature limits, defined within software, 
are exceeded, the affected components 
can be rejected. An individual proc-
ess number for each single weld allows 
mapping and corresponding traceability. 

Summary 
Selective soldering
Selective soldering with laser radiation 
is well established in practice and is 
applied in many industrial applications. 
Good controllability of the output power 
makes the diode laser the perfect tool 
for this application. In combination with 
a pyrometer, temperature controlled sol-
dering leads to high process stability and 
a constant high quality. Hence, soldering 
inside temperature sensitive housings 
(e.g. plastic enclosures) and reliable sol-
dering of temperature-sensitive devices 
such as LED components, is possible.

Plastic welding
Laser welding of plastics is an estab-
lished process that is increasingly used 
in different markets and is displacing the 
traditional welding methods. In medi-
cal device manufacturing, for instance, 
cleanliness is absolutely mandatory. 
Hence, laser welding is particularly well 
established in this market. In the auto-
motive supply industry the parts are 
equipped with sensitive electronic com-
ponents or guide and contain fluid - here 
laser beam welding is the method of 
choice. In combination with process con-
trol, the diode laser will make its way to a 
variety of future applications.

Steffen Reinl is Product Manager & Sales - 
Industrial Laser Systems at DILAS Diodenlaser 
GmbH, Galileo-Galilei-Str. 10, 55129 Mainz, 
Germany

Contact:  S.Reinl@dilas.de
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Figure 3: Principle of plastic welding

Figure 4: A galvo - pyrometer combination 
combining the advantage of fast beam deflection 
with online process control. Since the pyrometer 
measures wavelength in the range between 1800 
and 2100 nm, it is necessary to adapt the optical 
collection system accordingly. The optics also 
ensure that the pyrometer spot overlaps the laser 
focus.

See Observations p 28
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Fibre reinforced polymers (FRPs) 
are being increasingly applied 
in the aircraft and automobile 

industries, where their use allows light 
weight structures to be fabricated 
for the mass production market at an 
acceptable price. Developments have 
moved in a number of directions [1]: 

• Decreasing fibre production costs 
(especially of carbon fibre);

• Automating the production of fibre 
reinforced parts with short cycle 
times;

• Reducing waste (which is not easy 
to recycle) through the direct pro-
duction of near net-shape parts. 

With regard to the last of these, it has 
been shown that savings in the base FRP 
material of 30 – 70% can be achieved by 
direct production of the final part [2]. 

Near-net-shape constructions 
A huge collaborative project is underway 
at the Technische Universität Dresden to 
optimize the process chain from filament 
production to final component process-
ing. The scope of the investigation 
includes: textile near-net-shape struc-
tures and sandwich structures, handling 
equipment with process-adapted kine-
matic systems, textile-compatible joining 
methods and joining elements, textile-
reinforced compliant structures, and 
composite components with integrated 
sensor networks. Within this collaborative 
project, the advantage of laser cutting 
has been demonstrated in its application 
to spacer fabric processing [3].

Examples of plane and simply curved 
structures, with unconsolidated (i.e. 
loose) and consolidated arrangements 
of fibres, are shown in figures 1. Here, 
glass fibre (GF) and polypropylene (PP) 
filament bundles are arranged in plane 
or simply curved structures with the aid 
of a three-dimensional knitting process. 
Note that complex hot–stamping tools 
with adapted mechanical manipulators 
were needed to achieve the consolida-
tion shown in figure 1b.

The final processing of such parts cannot 
be done with water jet, for reasons of a 
thickness (≥ 30 mm) and mechanical fi-
nish, but laser cutting may be an attrac-
tive alternative, as shown in figure 2.  

Figure 2: Laser cutting of spacer fabrics

Opto - thermic properties  
In general, polymer materials 
have low absorption from the 
near ultraviolet to the end of 
the near infrared (i.e. wave-
lengths from 300 to 1400 nm) 
but the addition of a small 
amount of additive can pro-
duce sufficient absorption for 
cutting by lasers with operating 
wavelengths within this range. 

Determining these properties 
is critical to the optimisation 
process for laser cutting. For 
certain specimens, infrared 
spectroscopy can be used 
for transmission measure-
ments, whilst diffuse surface 
reflectivity can be measured 
by illuminating the surface and 
collecting sufficient scattered 
radiation. Differences with fibre orien-
tation and between consolidated and 
unconsolidated materials are expected. 
Ultimately, such data will be verified 
using the laser sources.  

Remote processing
The high intensities needed to sublimate 
or decompose material require the use of 
a high brightness laser source at a wave-
length where absorption coefficients are 
acceptable. In contrast to the heating of 

metals where heat conductivity and melt-
ing temperatures are constant throughout 
the part to be processed, fibre reinforced 
materials are characterized by large dif-
ferences between the thermal conductiv-
ity and sublimation temperatures of the 
matrix and fibre material. Depending on 
fibre orientation, the heat flow along the 
fibres can result in matrix damage, which 
is not easy to detect. A short laser mate-
rial interaction time is required to mini-
mize the heat affected zone and for this 
reason remote processing technology 
was found to achieve the most accept-
able results. 

The two principal options for remote 
processing are pre-objective and post-
objective scanning. These are shown 
in figure 3: Both allow the laser spot to 
move at up to 10 m/s with working areas 
of 100 cm² to 1 m². To enlarge the work-
ing area the high dynamic axes can be 
coupled to conventional axes systems 
like robot or CNC machines, as shown in 
figure 4.  

3D-laser processing of metal parts is 
already a well established technology. 
Depending on the required accuracy, 
either industrial robots or CNC – gantry 
systems are used. Figure 4 shows the 
system configuration of robot, beam 
deflection optics and optical cable for 
guiding a fibre laser beam.

Remote laser processing fibre-reinforced structures

Annett Klotzbach, Andreas Fürst, Jan Hauptmann and Eckhard Beyer

Figure 1: (a) Unconsolidated GF-PP textile 
structures: even and uneven spacer fabrics; and 
(b) consolidated GF-PP textile structures: even 
and uneven spacer fabrics. 

a

b

Figure 3: (left) principle of pre-objective scanning and (right) post-
objective scanning. In both cases the aim is to maintain the beam 
focus on a flat field plane. In the former case an in-line lens before 
the galvo-scanning mirrors moves along the beam line to provide 
the compensation whereas in the latter case a relatively large field 
lens is used. 

COMPOSITE PROCESSING
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Figure 4: Processing system for 3D – laser 
remote cutting of FRP, consisting of beam 
deflection optics and robot

Laser cutting results
Unconsolidated fabric can be cut in 
a quick and flexible way. As shown in 
figure 5, carbon fibres, aramid fibres 
and glass fibre-polypropylene (GF-PP) 
fabric can be cut with both fibre and CO2 
lasers, as shown in the  table beneath. 
Interestingly, despite the smaller focus 
diameter, the fibre laser is not able to cut 
GF-PP web any faster than a CO2 laser. 

Since the positions of the fibres are 
not fixed, the force-free cutting that 
lasers offer is especially advantageous. 
However, special strategies are needed 
to cut fibre bundles that have to be cut 
in the fibre orientation direction.

Remote processing is a complete abla-
tion and/or decomposition process [4]. A 
small amount of material is removed with 
each pass and typically many cycles of 
the laser beam are required to complete 
the cut. A flow of gas is needed not to 

assist cutting but to blow the decom-
posed products away. Figure 6 shows 
that spacer fabrics can be cut despite 
limited accessibility; similarly, holes can 
be inserted and parts can be trimmed. 

For thicknesses of 3 mm or more the 
aspect ratio between cut width and 
depth becomes an important factor; 
indeed, small cut widths and high aspect 
ratios give rise to very large heat input 
into the cut kerf. This is demonstrated 
in figure 7 which shows the cross sec-
tion of a fibre laser cut in 6 mm thick 
carbon fibre-epoxy resin composite. The 
increase in cutting width (right image) 
was achieved by making 3 parallel cuts 
with 50% overlap. 

Processing of near net-shape parts 
Transferring process technology to near 
net-shape manufacture needs special 
programming systems, ideally linked to 
customer-designed CAD/CAM systems 
to minimize the programming effort. TFP 
(Tailored Fibre Placement) technology 
allows the fabrication of preforms, tai-
lored for specific composite components 
or reinforcements. Applications range 
from highly accelerated lightweight parts 
for industrial robots and blades for com-
pressors up to CFRP aircraft parts [5][6]. 

Figure 8 shows the processing steps for 
creating a reinforcement structure by 
laying up of a single roving*. The roving 
is first stitched to the base material, a 

fibre web thermoplastic composite or a 
matrix-compatible foil material. During 
the process, the stitching unit is station-
ary and the base material is moved by 
numerical control [7]. 
Conclusions 
The use of fibre reinforced polymers for 
high volume productions requires new 
flexible processes, and the laser could 
be a tool for the future. However, special 
strategies are needed to minimize the 
heat input to the cutting kerf. Remote 
processing enables flexible processing 
of near-net-shape parts. 
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Laser  
source 
λ μm

Focus  
diameter 
mm

Twintex® 
GF-PP  
m/s

Aramid + 
CF fabric 
m/s

CF 
fabric
m/s

10.6 0.5 0.8 0.3 0.3

1.07 0.05 0.35 0.3 1.4

Figure 5: laser remote cutting results: (a) glass 
fibre – polypropylene web (GF-PP) Twintex®;  
(b) non-crimped fabric of aramid-carbon fibres; 
 (c) carbon fibre non-crimped fabric. The table 
below gives the cutting speeds for a 3 kW cw

Figure 6: Laser cutting of consolidated 
GF-PP: (left) cut kerf; (right) cross section

Figure 7: Cross 
section of 
CFRP (6 mm 
thickness, 60% 
fibre content + 
resin) after laser 
remote cutting:  
(left) multi-
cycle single cut 
showing large 
heat affected 
zone; and (right) 
multi-cycle 
processing with 
3 parallel cuts.

Annett Klotzbach is 
a project leader at the 
Fraunhofer IWS, Dresden. 
As a graduate in mechani-
cal engineering she has 
been working on remote 
laser tools and applications 
since 1996. 

This edited paper appears in full in the 
Proceedings of ICALEO 2012, 23-27 
September, Anaheim, CA, USA. It is published 
with the kind permission of the Laser Institute 
of America.                www.laserinstitute.com

See Observations p 28

0.5 mm 0.5 mm

Figure 8: Processing steps of brake booster 
production: (a) carbon roving, stitch on base 
layer; (b) part after resin injection with waste 
margin; (c) final part, laser processed 

* A ‘roving’ is the name given the end of a bunch of 
parallel carbon filaments.

a cb
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Using pico-second laser machining for 
cutting-edge capability
Colin Moorhouse
A timely overview of some of the features, 
characteristics and applications of ps sources 
showing the breadth of markets and benefits 
they can bring. Ultrashort pulse laser process-
ing has a good deal of momentum at the mo-
ment and is successfully moving out of the lab 
into industry. The paper draws comparisons 
with ns and excimer sources but somewhat 
surprisingly fails to mention fs sources, the 
sister sources of ps lasers. Space is limited of 
course but some reference to or comparison 
with fs laser might have been expected. 

Some readers may be a little perplexed as to 
why the 355nm source is introduced early as 
a solution for machining visually-transparent 
materials, whereas when it comes to machin-
ing the most commonplace visually-transpar-
ent material, glass later on, it was unneces-
sary to use the frequency-tripled UV version 
and the IR, 1064nm source could be used. 
Presumably the extremely high peak power 
density enables the glass to absorb to abla-
tion even using 1064nm, which is normally 
transmitted by glass. If space had allowed, 
some further comment here might have been 
of interest.

Andy May   Rofin Baasel

The article highlights an interesting selection 
of representative applications for ultrafast 
laser micro machining. In particular, it is really 
encouraging to see that picosecond industrial 
lasers are becoming viable manufacturing 
solutions for a range of applications spanning 
medical to automotive domains. The advan-
tages of this laser processing technology 
in comparison with other competing micro 
machining solutions are highlighted with case 
studies. 

Such articles are really valuable in directing 
researchers and companies in their search 
for new viable application areas for the latest 
generation of picosecond lasers with their 
high repetition rates that potentially  can ad-
dress the requirements of existing and new 
emerging products. The examples given in the 
article highlight really well the capabilities of 
this laser technology for “gentle” machining 
with high resolution of difficult to structure 
materials.

Stefan Dimov   University of Birmingham

Using passive and active protective 
clothing against high-power laser 
radiation
Colin Hennigs, Michael Hustedt, Stefan 
Kaierle, Dirk Wenzel, Sandra Markstein 
and Andreas Hutter
The vast majority of lasers processing ma-
chines that we see within industry include 
a protective housing that provides total or 
near total enclosure.  But for handheld laser 
processing applications such as welding 
in the shipbuilding industry or contamina-
tion removal in building renovation work, it 

is good to read that skin PPE in the form of 
protective clothing especially suitable for high 
power lasers, is being developed. The ISO 
11553-2 standard for hand-held devices for 
laser material processing takes a major step 
forward in defining the requirements for such 
equipment. The standard requires engineering 
means, such as contact safety switches and 
localised shrouds, to be the primary method 
for providing protection. However there are 
situations when access cannot be prevented; 
in which case exposure there will be a need 
for skin and eye PPE in addition to administra-
tive controls.  

In practice, simultaneous protection may be 
required against more than one hazard and 
the problems are exacerbated when applica-
tions involve working in inhospitable environ-
ments, confined spaces or when working at 
height.  This makes the design for PPE very 
difficult with a varied and complex set of 
requirements within the design brief. 

This is niche market for highly specialised 
equipment and as such the development 
costs are likely to be uneconomic for many 
PPE manufacturers. It is therefore very en-
couraging to see the efforts being made by 
LZH to produce a practical and economically 
viable solution.

Mike Barrett   Pro Laser

Laser sculpting diffractive optical 
structures on metals
Stéphanie Giet, Andrew Dunn, Marcus 
Ardron, Matt Kidd, Robert Maier, Nick 
Weston and Duncan Hand
This interesting paper demonstrates fabrica-
tion of bespoke Diffractive Optic Elements 
(DOE’s) on highly polished metal samples. A 
pulsed UV (355 nm) nanosecond laser, passed 
through a dynamic mask was used to create 
laser textured “pixels” on polished metals by 
controlled melting with single or multiple pulse 
micro-joule level energies at 10 kHz rep. 
rate. The laser, mask and micro-positioning 
system were neatly synchronised through PC 
and servo-control, thus an industrial level of 
control.

Data was presented on the variation of pixel 
depth and width with pulse fluence and ambi-
ent atmosphere (air, Argon and CO2) on Nickel 
600, demonstrating that the pixel dimensions 
were highly dependent on atmosphere thus 
covering a wide phase space. A diffraction 
pattern observed on reflection from a check-
erboard type structure on matensitic stainless 
steel and was and modelled theoretically 
using Fraunhofer diffraction, with encouraging 
results. 

This is an interesting laser sculpting technique 
and although the authors infer that ablation 
should be avoided, one of the drawbacks of 
surface melting can be a lack of reproduc-
ibility. However pixels appear quite uniform 
and the authors should be congratulated on 
an excellent article highly relevant to both 
academics and industrialists.

Walter Perrie   University of Liverpool

Laser cleaning of the output window 
in a laser ignition system for gas 
turbines
Jonathan Griffiths and  
Jonathan Lawrence
This is a good piece of work demonstrating 
carbon removal from the reverse side of the 
window for ignition application. If it is the 
same type of laser for the ignition, the cost of 
the cleaning would be negligible, by simply 
programming the laser firing conditions. My 
congratulations to the researchers.  

Laser induced forward transfer (LIFT) and 
MAPLE processes utilise this effect for the 
deposition of 2D and 3D patterns through a 
transparent material.

Lin Li    University of Manchester

Diode lasers in plastic welding and 
selective laser soldering: applications 
and products
Steffen Reinl
With regard to diode laser welding of plastics, 
the technique has several advantages over 
other joining methods.  It is non-contact, 
highly repeatable, and uses no consumables; 
this is a very “green” process.  Modern laser 
diodes are highly reliable, with lifetimes in 
excess of 20,000 hours.  Fibre delivery of the 
laser light makes the joining process very 
convenient.”

The author mentions the use of carbon 
black and additives to the plastic provide an 
absorption at the interface for plastic welding; 
also the use of colour combinations. To this 
I would add that materials that can be joined 
include but are not limited to: Polypropylene, 
HDPE, Polycarbonate, Acrylic, Nylon and 
ABS.  Typically one laser transmitting layer 
overlaps an absorbing layer, with additives 
being used at the joint if absorption is poor.  
However, clear plastic can now be laser 
welded using ~ 2 μm wavelength without 
additives.

Heiko Riedelsberger   
Coherent (Deutschland) GmbH

An interesting generalist article pointing the 
suitability of using diode laser for polymer 
welding and soldering. No technical data was 
provided so it is hard to comment on anything 
specific. 

The main point of interest for me was the use 
of the pyrometer to control the temperature 
of the soldering process. Unfortunately no 
indication was given of the benefit of this to 
the soldering process. It was claimed that this 
enables the detection of poor joints (presum-
ably ones that had not wetted correctly) but 
no examples of this were shown. 

Stewart Williams   Cranfield University

Short comments on papers in this issue

Continued on p 30
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In Issue 67 of this magazine (Issue 67, 
p2-3) Tim Holt, the newly appointed 
Executive Director of Fraunhofer UK 
Research Ltd (and also an AILU past 
president and currently an active com-
mittee member) described the back-
ground to the Fraunhofer Society and 
the benefits he is convinced it will bring 
to the UK. The event on 23rd May 
marked the formal opening of Fraunhofer 
UK Research Ltd, the HQ for all 
Fraunhofer Research Centres in UK, and 
drew attention to the Fraunhofer Centre 
for Applied Photonics (F-CAP) based at 
the University of Strathclyde; hopefully 
the first of many UK Fraunhofer Centres. 

Business Secretary Vince Cable 
attended the launch. He explained how 
he aims to rebalance the UK economy 
towards export-led manufacturing. “The 
UK produces some of the most pioneer-
ing scientific research in the world but 
we need to ensure our best ideas are 
developed to a stage where they can 
be easily adopted by business, gen-
erating the commercial success that 
fuels growth,” he said. “Fraunhofer has 
a proven track record in bringing new 
ideas and technologies to market across 
the world. Alongside the Technology 
Strategy Board’s Catapult centres, 
Fraunhofer UK will make a valuable 
contribution to the innovation landscape 
across the UK,” he added.

Photonics had initially been short-listed 
to become a Catapult, but was not 
ultimately selected as one of the initial 
recipients. However, according to Cable, 
there is some hope that the F-CAP hub 
will perform a similar function.

Speaking at the launch, Tim echoed 
Vince Cable’s sentiments. “It is impera-
tive that the UK innovates more and 
that we are smarter, and swifter, at 
generating business success from uni-
versity research,” he said. “Sitting at 
the interface between universities and 
industry, Fraunhofer will help the UK cre-
ate a powerful innovation system from 
blue-skies research to applied research 
and development and from prototyping 
and small-scale production to full-scale 
manufacturing.”

F-CAP
Ulrich Buller, a senior vice president at 
Fraunhofer Gesellschaft in Germany 
and also a Director of Fraunhofer UK 
Research Ltd, stressed that it would not 
just be Scottish companies to benefit 

from the F-CAP resources:

“Our aim is that a Fraunhofer 
Institute partnered with an 
excellent university, operat-
ing according to the proven 
Fraunhofer model, will provide 
first class applied research 
to the regional, national and 
international markets,” he said. 
“The new Fraunhofer Centre for 
Applied Photonics in Glasgow 
will be able to reach out to 
companies across the UK.”

Professor Martin Dawson, 
Head of the F-CAP said, “The 
Fraunhofer Centre for Applied 
Photonics will help companies across 
the UK develop innovative new products 
and processes and provide them with a 
supply of well informed, knowledgeable, 
and practical recruits who understand 
what industry demands from them.”

Professor Dawson took the opportunity 
to summarise the photonics statistics 
provided by John Lincoln (see below)

Research and development projects to 
be undertaken by the Fraunhofer Centre 
for Applied Photonics include:

• laser sources for medical imaging  
systems;

• advanced lasers for atmospheric pollu-
tion detection;

• novel laser sources to optimise wind 
turbine positioning.

The event was well attended and well 
organised. After the presentations del-
egates were able to review a number of 
small photonics exhibitions including a 
Trumpf laser marking unit providing per-
sonalised pens.

Some of the quotations above from the 
presentations at the event were taken 
courtesy of Optics.org news 24/5/13

Launch of Fraunhofer UK 
23 May 2013, Royal Academy of Engineering, London

 

Summary
Photonics is a critical technology contributing over £10bn directly to UK economy employing 
70,000 people, growing at >8%, with substantial leverage keeping ~10% of the total economy 
competitive. Photonics companies typically exporting 70-90% of their output.

• Photonics employees twice as many people as the UK SPACE industry.

• Photonics employees slightly more people than the pharmaceutical industry and has given 
rise to three times as many firms.

• Photonics (£10bn) contributes 40% more to GDP than Space (£7bn) and 60% of Pharma 
(£17.5bn)

@ 2010 figures from the ESP KTN (Alastair Wilson), published with the Photonics Leadership Group (JL above)
* From BBC reporting of UK funding of astronaut 20 May 2013
+ From http://www.abpi.org.uk, and UK office of national statistics ONS Annual Business Survey 

2011, Section C Manufacturing,  http://www.ons.gov.uk/ons/publications/re-reference-tables.
html?edition=tcm%3A77-276587.

 Note the ONS pharma employment figure is 48,000 vs ABPI figure of 68,000 the former inflates the GVA/
head figure.

§ Note average GVA per head under all manufacturing codes is £60k
** Anecdotal evidence

Photonics statistics for the UK
John Lincoln, Chief Executive, UK Photonics Leadership Group

 Output Employment Firms GVA/head§ Growth Export % 
of output

Trade  
surplus

Photonics 
(2010)

£10.5 bn@ 70,000@ 1500@ £49,000 8-10% 75%** £7bn? **

Pharma+ 
(2011)

£17.5 bn 48,000-68,000 450 £140,000-
200,000

3% aver-
age over 4 
years, -

 £5.5bn

Space* 
(2012)

£9 bn 30,000      

Laser marking demo at the launch event, showing Vince Cable 
flanked by Gerry Jones of Trumpf (left) and Tim Holt (right) 
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Remote laser processing fibre-rein-
forced structures
Annett Klotzbach, Andreas Fürst, Jan 
Hauptmann and Eckhard Beyer
The content of this article is an abridged 
version of a previously published conference 
paper in ICALEO 2012 (paper 401). Never-
theless, the novelty in laser machining of 
fibre-reinforced composites remains evident, 
particularly the pre and post-objective laser 
scanning methods. 

High quality laser machining of fibre reinforced 
composites using a 1 μm wavelength source 
still poses some difficulties. With development 
in novel optical designs and remote machin-
ing strategies, it is possible to overcome 
these challenges.  It is exciting to see that the 
researchers in IWS Dresden are using existing 
Rapid Prototyping Tools to produce near-net 
shapes with fibre-reinforced composites. We 
all look forward to hearing more on this devel-
opment in the future.

Ali Khan   TWI

Observations continued from p 28

The aerospace sector has a long history 
in the use of titanium alloy for manufactur-
ing its component parts of an aircraft. Its 
attractiveness is derived mainly from its 
low weight, only half that of steel, but its 
strength is greater than that of steel. The 
inherent damage tolerance of titanium al-
loys, for example in bird strike, is particularly 
desirable. It is, however, expensive to cast 
and machine parts from Titanium. Additive 
Layer Manufacturing (ALM) is proven not 
only to be cost effective through the reduc-
tion of the raw material ‘buy-to-fly’ ratio, but 
it could also shorten lead time.

The State Key Laboratory of Solidification 
Processing, Northwestern Polytechni-
cal University (NPU) in China has recently 
manufactured a central wing spar with Laser 
Additive Manufacturing technology for the 
Comac C919 passenger-plane which is 
expected enter commercial service in 2016. 
This central wing spar is 5 meter long and 
its mechanical properties meet the standard 
of forging parts.

This capability is by no means of exclusive 
interest to the aerospace industry, but is 
cross sector exploitable including marine, 
energy, defence and transport to name a few.

Barriers to scaling up from small build 
volumes to industrial exploitable scales 

appear to be 
diminishing. The 
requirement for 
supporting tech-
nologies such as 
surface finish-
ing, inspection, 
powder recycling 
and optimiza-
tion for ALM 
remain, but this 
milestone marks 
a significant 
achievement in 
the technological 
field of net shape 
manufacture.

Exciting times 
are ahead if the 
European col-
laboration can 
incorporate other capabilities, enabling the 
UK and EU to manufacture full industrial 
scale, grain structure orientated biomimetic 
parts, defect free, optimised for multi-phys-
ics scenarios; enabling reduced inventory, 
reduced fabrication, minimal weight, with 
self-predicting residual life and multiple 
functions incorporated!

Paul Williams   Rolls-Royce plc

Largest ALM part
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THE UK’S PREMIER MANUFACTURING TECHNOLOGIES EVENT

Innovation
in Action

The AILU Pavilion at MACH 2014 is the ideal platform to showcase the latest innovations in industrial lasers
and lasers for manufacturing to tens of thousands of decision makers and buyers.

A shell scheme stand starts from as little as £399.00 per day and has everything you need to showcase your company to MACH’s audience
of key decision makers and specifiers – including shell scheme stand walls and carpet, stand lighting, power socket and facia panel.

For further details or to book your stand, please contact the MACH sales team, on 020 7298 6402 or email asell@mta.org.uk

Exhibit in the dedicated AILU Pavilion from only £399 per day

MACH is owned and organised by 
The Manufacturing Technologies Association

Courtesy of Materials Solutions Courtesy of BLM Group Courtesy of Rofin-Baasel

Courtesy of Precitec
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At the recent official launch of 
Fraunhofer UK on 23 May at the Royal 
Academy of Engineering, the main 
theme of Vince Cable, Secretary of 
State for Business, Innovation and 
Skills, was acknowledging what the UK 
has and is continuing to learn from the 
success of Germany in manufactur-
ing. He mentioned his interest in the 
German apprenticeship scheme and 
now, of course, the arrival (finally!) of the 
Fraunhofer.

From an AILU perspective we receive 
generous support from German 
researchers who present papers at our 
workshops and publish in this maga-
zine. Above all, Germany presents a 
model for the way forward for industrial 
laser use in manufacturing and, lest we 
become complacent, the statistics for 
industrial laser uptake make clear the 
magnitude of growth we have yet to 
achieve. 

The Fraunhofer Centres and the TSB’s 
Catapults are all about Crossing the 
‘valley of death’ (bridging technology 
readiness levels  4 - 6) and it is propi-
tious that the first UK Fraunhofer Centre 
is in Applied Photonics, presenting the 
possibility of future activity in develop-
ing lasers for industrial laser materials 
processing (LMP). So far, so good! 

The article in this issue from which 
the attractive cover picture was taken 
is a particularly inspirational one. It 
describes how a small step forward 
in LMP has opened up a whole new 
market for a laser job shop and presum-
ably also for their clients in the fashion 
industry. It also underlines the conclu-
sion of the 2011 AILU report ‘Survey of 
UK technology transfer activity in laser 
materials processing to the SME com-
munity’ that laser job shops play a sig-
nificant role in UK LMP research. 

Laser cutting of latex for the fashion 
and fetish industries is probably not 
what the TSB have in mind as they 
plan the call for proposals for feasibility 
studies in LMP a little later in the year! 
Composites though is another matter 
and the forthcoming AILU workshop is 
of particular interest in this regard. And 
above all we welcome the TSB call and 
what is says about the higher profile 
that LMP is beginning to achieve in the 
UK.  

Mike Green, Editor 
mike@ailu.org.uk 
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AILU events
September 2013
24 Role of laser in composite 

manufacture and processing
National Composites Centre 
(NCC), Bristol

October 2013
17 Job Shop2013: Annual UK 

Job Shop business meeing  
Manufacturing Service 
Solutions (MSS), Rugby

AILU-supported events
September 2013
25 Marcro/Nano/Mems 2013 (25 

-26) 
NEC, Birmingham

October 2013
6 The International Congress 

on Applications of Laser & 
Electro-Optics (ICALEO)  
(6 - 10) 
Miami, FL, USA

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

Workshop Chair: Paul French  Liverpool John Moores University  
The interest in composites has grown greatly over the past decade. Their unique prop-
erties (high strength to weight ratio, corrosion resistance etc.) offer increasingly impor-
tant advantages in manufacturing; but they can present a major challenge to cutting, 
drilling and other forms of material processing.

Lasers offer a unique solution, which has been recognised especially by the aerospace 
sector. As a result, lasers are finding a growing number of industrial applications, and 
developments in both laser and material technologies have recently led to a further 
expansion in this area.

This workshop provides a broad overview of the current status of both laser technol-
ogy and composite processing, with presentations from industrial users, research-
ers and laser manufacturers. Specific themes include: laser processing of polymer 
composites within the aerospace industry; laser surface texturing of composites prior 
to adhesive bonding, laser sintering of PEEK for aerospace and biomedical applica-
tions; laser welding of thermoplastics; current state of the art in lasers for composite 
processing.

FUTURE EVENTS

Role of lasers in  

composites 
 

manufacture and processing 
 

National Composites Centre, Bristol, 24th September 2013

 
Fibre laser processing of fibre rein-
forced platics 
Mo Naeem - JK Lasers

Keynote presentation
CO2 laser ablation of damaged CFRP: 
A GKN Perspective 
Paul Saunders - GKN

Precision machining of composites 
materials with picosecond laser 
Mark Thompson - Coherent UK

Keynote presentation
Remote laser processing of fiber 
reinforced polymers- perspectives for 
industrial use

Annett Kolzbach - Fraunhofer IWS 
Dresden 

Process rate and quality estimation 
tools for laser processing of fibre rein-
forced polymers 
Stewart Williams - Cranfield University 

Lasers in composites aerospace 
industry  
Gary Taylor - GUDEL

High temperture polymer development 
on the EOSINT P800  
Stuart Jackson -   EOS

Particulate and gas phase fume pro-
duced during laser processing of 
CFRP 
Matthew Leach - University of Hull

A study of the effect of laser surface 
processing on bond adhesion for car-
bon fibre composites
Peter Dickinson - Spectrum 

Technologies

Keynote presentation
Laser transmission welding of high-
performance thermoplastics
Peter Jaeschke - National Composites 

Centre
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