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The principal objectives of AILU 
include:

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

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

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

 • To disseminate professional and 
other information to members.

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

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

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

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

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

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

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

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

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

The AILU objectives

Benefits of  
membership 

The front cover photo of deep laser engraving 
is also featured on the flyer for the forthcoming 
AILU Workshop 'Tools for the 21st Century: 
recent developments in laser sources and 
systems for manufacturing'. This issue includes 
news of an AILU grant on this topic (p1), articles 
on modern laser joining technology including 
one on soldering of solar panels (p28), an 
interesting technique for fine machining (p26) 
and papers of interest to laser users in the 
bourgeoning medical sector (p20, 24)

Helping you make the most of laser technology
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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



Jonathan Blackburn takes the Prize
The AILU Young Laser Engineer’s Prize 
was designed to help encourage young 
people in the UK to develop their inter-
ests in laser applications and is awarded 
“to an individual for a significant piece of 
work, conducted in the UK, which has 
led to real or potential economic gain for 
the parent organisation and that prefer-
ably has wider benefit for the industrial 
laser user community.” 

The 2010 
winner of 
the Prize is 
Jonathan 
Blackburn, 
a 2005 
graduate of 
Lancaster 
University 
who is 
currently 
research-
ing for an 
EngD at the 
University of 
Manchester. His industrial  sponsor, Paul 
Hilton at TWI, nominated Jonathan for 
his work on the development of Surfi-
Sculpt®, a process patented by TWI for 
processes involving power beams. 

Using an inexpensive 200W fibre laser 
and commercially available laser mark-
ing optics and software, surface features 
can be produced on metals by control-
led melting, moving and resolidification. 
Jon has conducted systematic experi-
ments in order to determine the most 
significant process variables affecting 
the volume of material moved and the 
overall process efficiency. As an aid to 
this, high speed video techniques have 
been developed, in order to gain an 
insight into the movement and resolidifi-
cation of the substrate material. 

This technique involves only a laser 
beam and material surface: no additions, 
in the form of added wire or powder are 
used. TWI sees significant application 
of the techniques in industrial applica-
tions and the work performed by Jon 
has effectively demonstrated prior art for 
laser beam processing, thus increasing 
TWI's licence and project income poten-
tial for the laser beam technique.

The Young UK Laser Engineer Prize 
comprises a laser engraved plaque and 
a cheque for £275. The presentation will 
be made at the AGM on 10 June.
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David Payne wins AILU Award
The AILU 
Award was 
established in 
1997 to hon-
our ‘an indi-
vidual who 
has made an 
outstanding 
contribution 
to the indus-
trial use of 
lasers in the 
UK’.

The 2010 winner of the AILU Award 
is Professor David Payne FRS, CBE, 
Director of the Optoelectronics Research 
Centre (ORC) at Southampton University. 
The Award recognises the major con-
tribution that David has made in the 
development of industrial laser materials 
processing in the UK, both in his inven-
tions in the field of fibre lasers and also 
for his role in the establishment of SPI 
Lasers in 2000 to exploit the technology 
developed by the ORC. 

David is an internationally-distinguished 
photonics researcher and fibre optic 
pioneer in the field of fibre optoelectron-
ics and fibre telecommunications, the 
backbone of modern high speed data 
transmission. Of the many and major 
advances developed by his research 
group, the best known is the invention of 
the erbium-doped fibre amplifier (EDFA), 
which is a key technology for fibre tel-
ecommunications systems. 

A graduate of the University of 
Southampton He earned a Bachelor of 
Science in electrical power engineer-
ing in 1967 and was the university's 
first graduate student in the new opto-
electronics research program. His work 
helped establish the Optoelectronics 
Research Centre as one of the leading 
fibre optic research facilities in the world 
and he joined the faculty as a profes-
sor of photonics, a position he has held 
for 40 years. He became Director of the 
ORC in 1995.

As a leading University entrepreneur, 
David’s activities led to a photonics clus-
ter of companies surrounding the ORC. 
With colleagues, he founded SPI Lasers 
plc in 2000, the company now a leading 
supplier of high power fibre lasers.

The award will be presented at the AILU 
AGM on the early evening of 10 June in 
the Piazza Suite of the NEC, to coincide 
with the MACH exhibition.

Association
KTN funding for lasers in manufacturing
AILU has been successful in securing 
funding from the Photonics and Plastics 
(PPE) KTN to prepare a report on the 
theme of 'Exploiting laser technology in 
21st Century UK manufacturing'.

The context for this report is threefold. 
Firstly, UK industry use of laser technol-
ogy remains relatively low (see report 
in Issue 56, p16), only ~10% that of 
Germany industry, per unit of manufac-
tured output. As a result UK industry is 
less likely to maintain, let alone improve, 
its world position in manufacturing in the 
face of demands for higher added value 
and greater component functionality, and 
continuing trends towards new materials 
and micro-scale engineering. 

Secondly, the failure of the UK financial 
sector has caused politicians to turn 
more of their attention to the manufactur-
ing sector with the hope that new incen-
tives in manufacturing will follow. 

Last but not least, R&D support and mar-
ket demands are increasingly directed 
at goals such as cleaner environment, 
sustainable energy production and lower 
carbon forms of transportation; these in 
turn are creating new opportunities for 
lasers in manufacturing.

With the active support of AILU members, 
the output of this project will include a 
comprehensive directory of laser process-
es, assessing for each: (i) its importance 
in terms of 21st century needs; (ii) its 
Technology Readiness Level (TRL) in the 
UK; and (iii) the UK’s current manufactur-
ing and R&D capability. As such, the work 
will benefit the strategic planning of UK 
manufacturing industry, research organi-
sations and funding bodies. 

Like the RULARDO project funded in 
2008 by the Photonics KTN, this work 
is seen as an on-going activity requiring 
regular updating through AILU's Product 
and Process Innovation (PPI) Special 
Interest Group. This group, which repre-
sents UK industrial and academic groups 
involved in laser materials processing 
R&D, will play a major role in providing 
the content of the report.

Opportunities for laser job shops
Laser job shops play an important role in 
UK laser-based manufacturing, offering 
batch production capability and providing 
important proof of principle of the laser 
route and an interim production solution 
until the case for in-house manufacturing 
can be made and implemented.

Continued on p2 ...
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Full details of all news items in the magazine, plus additional news items, can be found on the AILU web site

Rob Scudamore, 
Chair of the AM 
Group sees new 
opportunities. 

First, I would 
like to thanks all 
who attended the 
recent AILU work-
shop on the 'The 
Route to Mass Exploitation of Additive 
Manufacturing in Metal Component 
Fabrication'. Many commented that 
there was quite a 'buzz' at the event 
and I, for my part, particularly enjoyed 
the speaker's presentations, and their 
interaction with the audience. 

Following the successful ILAS work-
shop last Summer, AILU decided 
that there was enough momentum in 
Additive Manufacturing (AM) to set 
up an Additive Manufacturing Special 
Interest Group (AM SIG). The recent 
AILU workshop in Newbury was part of 
the new SIG's activities.

The AM SIG, lead by myself, provides 
a focus in the UK for all with an inter-
est or activity in the process. The AM 
SIG has a remit that can include other 
heat sources, such as arc and electron 
beam for example, but will predomi-
nantly be concerned with laser based 
AM techniques.

The initial objectives of the AM SIG 
are to identify the barriers to mass 
exploitation that need to be addressed 
through research and industrial imple-
mentation. This is being done in a 
number of ways, including through the 
new initiative called the AM Network. 
Ultimately I have been actioned to 
produce a Strategic Research Agenda 
for the Rapid Manufacturing (or AM!) 
European Technology Platform.

This document will provide a basis for 
future research in the AM field in the 
EU, and will also assist industry in the 
adoption of AM in production. It will 
also be used as a basis for future AILU 
events on AM, of which I hope there 
will be many!

I would be pleased to hear from you 
on any matter concerning the AM SIG, 
the AM Net or any other opportunity in 
this field.
Robert Scudamore 
robert.scudamore@twi.co.uk

Gerry Jones, General 
Sales Manager for 
Laser Systems at 
Trumpf UK.

The Market Development (MD) Special 
Interest Group was founded in October 
2003 with a brief to plan AILU activity 
to ‘Grow The Market’ for its members.  
At that time the main effort was put into 
reaching out to designer engineers, to 
encourage them to 'think laser', which 
resulted in AILU's ‘Design for Laser 
Manufacture’ website.

I have been a  member of the main 
AILU committee for several years and 
was acutely aware that little had hap-
pened within the MD Group since the 
launch of the DLM website. I was also 
aware that the MD Group could never 
be more needed than in the present 
economic climate. Its aim is to increase 
the industry uptake of laser manufac-
turing, and all AILU members who are 
suppliers of laser-related equipment and 
services have free membership. So it 
was that I agreed to take on the role of 
Chair of the MD Group.

In this, the 50th year 
of the laser, it is 
interesting to reflect 
on the amazing 
progress the laser 
has made. Starting 
as a tool looking 
for a use it has 
established itself as the tool of choice in 
industries as diverse as medical device 
manufacture and ship building. New 
designs and types have been continu-
ally introduced and the pace of techno-
logical development has not slowed up. 
Remarkably, this development has been 
matched by new and truly innovative 
applications. For sure there are many 
opportunities and exciting times ahead.

It is in the context of amazing progress 
and a high future potential that I 
look forward to heading the Market 
Development Group. A challenge, of 
course, for which I will never be able to 
say that I did not have the right tool for 
the job.

Gerry Jones 
g.jones@uk.trumpf.com 

People
Neil Sykes
Neil has taken the 
bold move to leave 
his position at 
Cardiff University 
to  establish a laser 
micro-processing job 
shop, Micronanics 
Limited. Its Laser 
Solutions Centre 
is based at the 
Rutherford Appleton Laboratory on the 
Harwell Science and Innovation Campus 
in Oxfordshire.

“We have a good range of lasers from 
193nm to 10.6um enabling microma-
chining of most materials, from simple 
trials and laser based material studies to 
batch production,” said Neil.

Micronanics' Laser Solutions Centre is 
expected to fully open in May 2010 but 
is already offering machining services 
including drilling, profiling, engraving, 
annealing, and cleaning of materials 
such as diamond, silicon, sapphire, 
glass, polymers, nano materials, metals, 
ceramics and organic materials.
Contact: Neil Sykes 
E: neil@micronanics.com

Chairman's reportNew opportunities for ALM

 

The new PPE KTN funded project 
includes support for a strategic docu-
ment identifying opportunities for laser 
subcontractors in such areas as machin-
ing of advanced materials, micro-scale 
processing and surface modification for 
a host of applications. As part of this 
exercise, the implications (e.g. clean 
room requirements, capital outlay, train-
ing requirements, manufacturing flex-
ibility, materials handling, post-process 
inspection and certification, conformity 
of relevant processing standards) will be 
assessed. 

However, with a greater awareness of 
future manufacturing needs, the sub-
contract laser community will be better 
able to benefit from new manufacturing 
initiatives and to support manufacturing 
industry. And by expanding the range of 
laser processes available for batch pro-
duction, the job shop sector could play a 
major role in helping UK industry to bet-
ter exploit laser technology and thereby 
become more productive and competi-
tive in the world market. 
Contact: Mike Green 
E: mike@ailu.org.uk

Continued from p1
The role of laser job shops
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Trumpf In-Tech 2010
Trumpf Germany welcomes manufac-
turers to its In-Tech Open House event 
at their newly expanded machine tool 
facility in Ditzingen from 27 - 30th April.
Visitors are expected from across 
Europe including several customer 
groups from the UK.

Naturally new machines will feature at 
the event and in particular a new appli-
cation for the fibre laser and develop-
ments in automated bending and 3D 
laser processing. Indeed every Trumpf 
technology will be comprehensively 
represented thanks to the scope of this 
impressive facility.

Trumpf UK welcomes manufacturers to 
its In-Tech Open House event in Luton 
from 11 - 13th May, on the theme of 
‘New Technology and Automation’. 

As well as introducing new machine 
models, this exhibition will demonstrate 
how each of the Trumpf sheet metal-
working technologies can be enhanced 
by modular automation. Such steps will 
further increase the competitiveness of 
UK manufacturing that the UK exchange 
rate has provided.
Contact: Gerry Jones 
E: g.jones@uk.trumpf.com

Attended by over 100 customers, on the 
17th March this year Bystronic UK, with 
the assistance of Mr Bob Hunt President 
of the Manufacturing Technologies 
Association, officially opened its new 
headquarters building in Coventry.

"Bystronic Service Technicians and the 
Sales Staff, as well as the central serv-
ices such as the supply of tools and 
spare parts, the Hotline, the training and 
the machine demonstrations, are now 
all located at our new headquarters in 
Coventry,” said David Larcombe, MD 
of Bystronic UK Ltd. "This means that 
around 90% of all existing and potential 
customers can be reached by car from 
Coventry in approximately two hours, 
which will have a positive effect in par-
ticular on the supplying of tools and 
spare parts," he added.

The new premises offer a total floor 
space of more than 2200 m2. An area of 
560 m2 are available for the well-stocked 
tools and spare parts warehouse, and 
a further 1000 m2 for the demonstra-
tion and training area. Here there is an 
extremely wide assortment of systems 
from the three product groups laser cut-
ting, waterjet cutting and bending, as 
well as modern computer work areas in 

which customers are trained in the use 
of the Bystronic Bysoft CAD/CAM soft-
ware.

“With the concentration of the central 
services in Coventry we have shown that 
even during an economic crisis there 
are opportunities to improve the service 
and hence strengthen both one’s own 
competitiveness as well as that of the 
customers,” added David.

In addition to the opening of the new 
premises, Bystronic UK had another 
reason to celebrate, namely the 100th 
birthday of the English engineering com-
pany F.J. Edwards, which later became 
Edwards Pearson Ltd and in 2002 was 
taken over by Bystronic. 
Contact: Dave Larcombe 
E: david.larcombe@bystronic.com

Business
New headquarters for Bystronic UK
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IPG acquired mid-IR capability 
IPG Photonics Corporation, the world 
leader in high-power fibre lasers, has 
acquired Photonics Innovations, Inc. (PII) 
of Birmingham, Alabama-based, a maker 
of active and passive laser materials and 
tunable lasers for scientific, biomedical, 
technological, and "eyesafe" range-find-
ing applications. The acquisition allows 
IPG to expand its product offerings to 
the middle infrared (approximately 2 to 
5 µm wavelength). 

PII’s core capabilities include novel opti-
cal and laser materials fabrication, solid 
state and tunable laser design, and 
optical and sensing systems develop-
ment. In addition to active and passive 
laser materials and tunable lasers, PII 
develops affordable and reliable middle-
infrared microchip and external cavity 
broadly tunable light sources.

"With the acquisition of Photonics 
Innovations, we plan to enhance IPG’s 
product portfolio in middle-infrared 
spectral range, an exciting emerging 
market," said Dr. Valentin Gapontsev, 
IPG Photonics Chairman and CEO. "The 
acquisition has opened exciting oppor-
tunities to build new hybrid laser sources 
in the 2 to 5 µm range for various appli-
cations.’
Contact: Sergei Popov 
E: spopov@ipgphotonics.com

Significant growth for SPI in 2010
SPI Lasers, a leading designer and 
manufacturer of fibre lasers, is increas-
ing investment in people, machinery 
and sales following significant growth 
in demand for its products. This com-
bined with further new product releases 
planned in 2010 has warranted a dou-
bling of manufacturing floor space, 
recruiting across operational, engineer-
ing and sales functions, and investing 
in development facilities for sales and 
application.

In addition, a new larger facility in the 
USA in Santa Clara will expand the 
applications development capability and 
improve customer meeting areas and 
office facilities. Also, a second state-of-
the-art application and customer suite is 
opening in the UK.

David Parker, SPI Lasers' CEO said: 
"Despite the global downturn we have 
managed to increase our order intake 
and continue extensive product devel-
opment plans.”

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

Coherent wins $20M solar cell tool sales
Coherent has secured multiple orders 
totaling in excess of $20M from crystal-
line silicon solar cell manufacturers for 
laser-based process tools, just three 
months after releasing the Coherent 
Equinox™ and Aethon™ products at the 
EUPVSEC exhibition in Hamburg. 

Comprising 
some of 
the largest 
orders for 
laser-based 
tooling to 
date within 
the solar industry, deliveries are sched-
uled for completion in the first half of 
2010.

These tools are the latest additions to 
Coherent's complete portfolio of lasers 
and laser-based systems for photo-
voltaic production processes, positioning 
Coherent as a leading laser-based sup-
plier to the solar industry today.
Contact: Finlay Colville 
E: finlay.colville@coherent.com

Two major orders for Laserdyne
As another sign that the application 
of laser processing in the global tur-
bine engine manufacturing business 
is expanding, Prima North America’s 
Laserdyne Systems announced two new 
orders for Laserdyne 795 multi-axis laser 
systems.

“The first order is 
from a Russian 
turbine engine 
manufacturer new 
to laser process-
ing. The second is 
from an American 
aerospace engine 
manufacturer who is adding to existing 
Laserdyne Systems equipment,” said 
Terry VanderWert, president of Prima 
North America. “We have confidence that 
the worldwide turbine engine business is 
not only alive and well but also growing," 
he added. 

The orders, received at the end of 2009, 
with a total value exceeding $2M, were 
for Laserdyne 795 XS (X=1m, Y=1m, 
and Z=1m) systems equipped with 
BeamDirector and CL50k lasers to be 
used for a variety of laser drilling appli-
cations. “The CL50k laser features were 
key to securing these orders because of 
its unique ability to systematically control 
hole size without operator guesswork,” 
reported Mr. VanderWert. “Also, our 
customers were interested in Laserdyne 
Systems research showing that the same 
system with a single laser that is used 
for ‘conventional’ cylindrical holes will 
soon be used for shaped hole produc-
tion as well. Shaped holes, when used 
in properly designed components, result 
in fewer holes required to accomplish 
a superior result. Fewer holes means 
shorter production cycle times, lower 
production costs, and a lower cooling air 
requirement. When put into practice, this 
results in a more efficient and cost effec-
tive engine brought about by Laserdyne 
Systems shaped hole technology,” Mr. 
VanderWert stated. 

The CL50k laser allows for high speed 
hole drilling on the fly with many exclu-
sive Laserdyne features including the 
patented Optical Focus Control (OFC), 
Breakthrough Detection (BTD), and 
CylPerf programming at normal, minor, 
shallow and compound angles. In this 
way, major turbine engine manufacturers 
maintain ±2% airflow on new generation 
of components where ± 10% had been 
the norm. 
Contact: Mark Barry 
E: sales@prima-na.com

Intel award to Rofin-Baasel 
Rofin-Baasel has been recognized as 
one of 16 suppliers to receive Intel 
Corporation’s Preferred Quality Supplier 
(PQS) award for their performance in 
2009. Rofin is recognized for their sig-
nificant contributions providing Intel with 
laser mark equipment, deemed essential 
to Intel’s success. 

“It is a great honor for us to receive the 
Preferred Quality Supplier award from 
Intel for the third consecutive year,” 
commented Günther Braun, president 
and CEO of ROFIN. “This award is the 
result of an excellent partnership and 
cooperation between both companies 
and we are proud that our laser marking 
products contribute to Intel’s success.” 

The PQS award is part of Intel’s Supplier 
Continuous Quality Improvement (SCQI) 
program that encourages suppliers to 
strive for excellence and continuous 
improvement. To qualify for PQS sta-
tus, suppliers must score ≥ 80% on a 
report card that assesses performance 
and ability to meet cost, quality, avail-
ability, delivery, technology and cus-
tomer satisfaction goals. Suppliers must 
also achieve  ≥ 80% on a challenging 
improvement plan and demonstrate solid 
quality and business systems. Additional 
information about the SCQI program is 
available at supplier.intel.com/quality. 
Contact: Andy May 
E: a.may@rofin-baasel.co.uk
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Repair of laser mirrors
With over 20 years hands-on experience 
and a highly skilled in-house team of 
designers and engineers, Laser Beam 
Products (LBP) can repair copper and 
silicon mirrors so that they are as good 
as new, saving industrial and research 
users the cost of a replacement.

The benefits 
of repair are 
particularly 
cost-effective 
for water-
cooled, large 
or unusual 
shaped mir-
rors, and LBP can coat used mirrors 
for cavity use, beam delivery or phase 
retarders. An additional benefit is that this 
approach contributes towards ISO14000 
certification by recycling copper and sili-
con, which are valuable materials.

Simply contact LBP giving as much 
information as possible about the mirrors 
and once they have been received they 
are examined and tested free of charge 
and a quotation provided for repair. 

Mirrors are only returned if their condi-
tion is as good as new.
Contact: Mark Wilkinson 
E: sales@lbp.co.uk

Optics and beam delivery
SCANcube 8.5 – compactly dimen-
sioned for fibre lasers
Scanlab’s success-
ful ultra-compact 
SCANcube series now 
offers the SCANcube 
8.5, a scan head 
featuring dynAXIS T 
galvanometer scan-
ners. Marking systems 
based on fibre lasers particularly benefit 
from this new 8.5 mm aperture.

The 8.5 mm aperture is judged to be 
the perfect size for easy alignment 
and good focusability using f-theta 
objectives commonly used for mark-
ing applications. Whilst matching the 
marking speed of the SCANcube 7 the 
SCANcube 8.5 allows nearly 50% higher 
power density in the laser focus. 

As with all SCANcube scan heads the 
unit has an extremely robust, sealed, 
exceptionally compact housing, just 
90 mm on the longest side 7. It is avail-
able in many wavelengths and can be 
controlled with SCANLAB’s RTC PC 
interface boards or stand-alone boards.
Contact: Viola Schulze 
E: v.schulze@scanlab.de

Prima North America receives ISO 
9001:2008 Certification
Prima North America 
has received ISO 
9001:2008 certifica-
tion. The certifica-
tion applies to all 
three of Prima North 
America’s businesses 
– Laserdyne Systems, 
Convergent Lasers, 
and Prima Systems.

“This certification is evidence of the 
value that all of our employees place 
on providing quality products and serv-
ices. This is another step in our ongo-
ing efforts to develop and manufacture 
industrial lasers and systems that 
provide our worldwide customers the 
most consistent and highest performing 
manufacturing processes,” said Terry L. 
VanderWert, president of Prima North 
America. 

“At the pace with which we are striving 
to develop and launch new, innovative 
and standard-setting products, having a 
comprehensive quality system is crucial 
to our success and, ultimately, the suc-
cess of our customers.”
Contact: Mark Barry 
E: mbarry@prima-na.com

MEDTEC 2010: Rofin lasers at the 
heart of medical device production
Rofin has an installed industrial materials 
processing base exceeding 30,000 sys-
tems worldwide. 

Lasers have become an integral part of 
the medical device manufacturing sector 
and Rofin’s laser technology products 
offer solutions across a diverse range 
of applications, ranging from the high 
speed production of miniature cardio-
vascular stents to welding and joining 
plastic components; and from creat-
ing intricate spot welds of less than 
100 µm to creating high quality marks on 
medical implants. Not surprisingly, Rofin-
Baasel UK Limited will be present at the 
MEDTEC 2010 exhibition to showcase 
examples of welding and marking sys-
tems from their extensive range.

Micro and Precision Welding
Rofin’s StarWeld Select is 
a self contained and fully 
integrated welding system 
that provides a stable 
platform for many different 
welding applications.

Ergonomically designed, 
the system includes four 
high precision axes which can be con-
trolled manually by use of a joystick 
or operated under full CNC control. 
StarWeld Select can be used to weld 
many different materials including:- 
stainless steel, gold, silver, platinum, tita-
nium and memory shape alloys.

Laser Marking
The EasyMark 
system from 
Rofin uses a 
diode-pumped 
Nd:YVO4 laser 
source which 
is capable of 
marking the 
wide range of metal and plastic compo-
nents typically found within the medical 
device industry. 

The EasyMark system can generate 
alpha-numeric content, vector or ras-
tered graphics, grey-scale, bar codes 
or data matrix codes. With a marking 
field of 120mm x 120mm and the capac-
ity to accommodate components up 
to 450mm x 150mm x 200mm in size, 
EasyMark can process a diverse range 
of parts. An optional rotary axis provides 
further flexibility for marking cylindrical 
components.
Contact: Dave MacLellan 
E: sales@rofin-baasel.co.uk

CO2 Laser machining optics
Rocky Mountain Instruments (RMI) offer 
top quality, reasonably priced replace-
ment CO2 laser optics on a quick deliv-
ery. RMI manufacture a full range of 
CO2 laser optics including plano-convex 
lenses, meniscus lenses, high power 
mirrors and phase retarders.

Design features 
include: maximum 
durability; high 
damage thresholds 
at 10.6 µm; long 
lifetimes; ultra-low 
ZnSe absorption.

RMI offer directly 
equivalent replace-
ment optics for II-VI, Ophir, Amada, 
Bystronic, Cincinnati, Laserdyne/Prima, 
Mazak, Mitsubishi, Strippit LVD, Trumpf 
and others.

RMI products are available in the UK 
from Lambda Photometrics Ltd, whose 
other offerings for CO2 laser users 
include laser power measurement solu-
tions from Gentec-EO and laser safety 
eyewear from NoIR.
Contact: Adrian Piddinton 
E: contact@lambdaphoto.co.uk
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High power 355 nm industrial laser
Spectra-
Physics® is 
offering a new 
addition to its 
Pulseo® family 
of Q-Switched 
diode-pumped 
solid-state (DPSS) industrial lasers.  
The rugged and reliable Pulseo 355-10 
provides 10 W of 355 nm output at 90 
kHz with a short pulse width of <23 ns. 
These characteristics, combined with 
higher repetition rates, reduce undesired 
thermal effects and results in higher 
throughput with less damage to parts.

The Pulseo 355-10 key applications are 
in crystalline silicon photovoltaic solar 
cell manufacture, including wafer scrib-
ing and dicing, drilling, and marking.  It 
is also ideal for microelectronics applica-
tions such as via hole drilling, flex circuit 
cutting, flat panel manufacturing, ITO 
patterning, LED substrate scribing, silicon 
wafer dicing/scribing and low K dielectric 
scribing. Its field serviceability, combined 
with reliability and global service and sup-
port make it the perfect choice for high-
uptime industrial applications.” 
Contact : Hans Debeesing 
E : hans.debeesing@newport.com

2kHz excimer laser
Coherent has added 
a new model to their 
IndyStar family of 
compact excimer 
lasers, which offers 
higher repetition rate 
(2kHz) for increased 
throughput. In addi-
tion, the fully Semi 
S2-certified IndyStar 2kHz incorporates 
several new output stabilization features 
for improved processing; making it ideal 
for use in semiconductor fabrication, 
testing, inspection and micro-mate-
rial processing facilities. Other process 
areas include precision material ablation 
and high-value marking.

The laser offers a choice of 8W at193 nm 
(ArF) or 12 W at 248 nm (KrF) and comes 
equipped with two important new sta-
bilization features called POWERLOK 
and TIMELOK.  POWERLOK ensures 
constant pulse energy per laser pulse, 
actively stabilized for applications using 
bursts of pulses or specific pulse trains.  
TIMELOK provides superior trigger-to-
pulse delay stability, supporting tight 
synchronization with other equipment.  

Contact: Roy Harris 
E: sales.uk@coherent.com

Sources
Ultra-narrow linewidth, single mode, sin-
gle frequency fibre lasers 
NKT Photonics range of narrow linew-
idth fibre laser systems are based on 
truly single mode, single frequency dis-
tributed feedback (DFB) fibre lasers with 
extremely high frequency stability, low 
phase and intensity noise.

NKT Photonics 
fibre lasers 
feature ultra-
narrow linew-
idth in the Hz 
range and 
powers ranging 
from 10 mW 
up to 5 W. The unique narrow linewidth 
combined with high frequency stability 
and long coherence length make these 
lasers the system of choice for interfero-
metric sensing applications. They are 
also ideal as sources for wind LIDAR 
systems used for the wind turbine and 
aerospace industry; and are available as 
compact OEM laser modules and fully 
integrated benchtop systems.  

NKT Photonics' distributor in the UK 
and Ireland is Photonic Solutions. 
Contact: Doug Neilson 
E: douglas.neilson@photonicsolutions.co.uk

DILAS developments
Conduction-cooled multi-bar module
Dilas has released a new conduction-
cooled, multi-bar diode module with 
a homogeneous top hat optical beam 
profile, providing up to 500 W output at 
standard wavelengths.  Using DILAS’ 
micro-optics beam shaping expertise 
a 95% homogenized intensity profile is 
achieved. 

A range 
of spot 
geometries 
are available, 
from line 
(e.g. 12 mm 
x 300 µm) to 
area sources 
(e.g. 52 x 2 mm); customized focus 
geometries are also possible.

Designed for materials processing 
applications such as plastics welding, 
thermal annealing and brazing, these 
homogenized, multi-bar modules are 
also ideal for soldering, recrystallisation 
or drying of surfaces in solar cell pro-
duction applications.

Compact, high-efficiency, 100 µm fibre-
coupled module 
DILAS has developed a high brightness, 
conduction-cooled fibre-coupled diode 
laser module.

This latest 
development 
is based on 
diode laser 
bars that 
provide up to 
40 W output 
power from 
a 100-µm fibre core, at a wavelength of 
976 nm and with a numerical aperture 
< 0.22. This new module provides high 
power, brightness and power efficiency, 
with a wall-plug efficiency > 40%.

The electrically isolated single-bar pack-
age has a small footprint, a key feature 
in this product’s architecture, measuring 
just 70 x 30 x 17 mm. The laser power is 
delivered via a non-detachable fibre that 
is terminated with a standard SMA 905 
connector or cleaved fibre end. 

Applications of this industrial package 
range from fibre laser pumping to micro-
materials processing and medical. 

ES Technology Ltd, is the UK distributor 
for the comprehensive range of DILAS 
diode laser components, 
Contact: Robert Church 
E: rchurch@estechnology.co.uk

New copper polygonal scanners
Increasingly powerful laser beams are 
scanned in material processing applica-
tions and as a result heat dissipation on 
galvanometer mirrors has become an 
issue in some applications. Expanding 
the mirror size to accommodate higher 
powers inherently reduces the scan rate.

Lincoln Laser's 
new ‘KW 
Series’ cop-
per polygonal 
scanners dissi-
pate heat more 
efficiently and 
produce faster 
scan rates than are possible with galva-
nometer-based scanners. The copper 
substrate keeps the mirror facets cool; 
in addition, the laser beam is transferred 
from facet to facet as the mirror rotates, 
limiting dwell time on any singular facet.

In typical applications a ‘KW Series’ 
Polygonal Scanner can safely handle 
beam power densities of 1 kW/ mm2 
and, depending on mirror/motor com-
bination one can achieve active scan 
angles of greater than 120 degrees or 
scan rates of over 10 KHz.
Contact:  Steve Knight 
E: stevek@laserlines.co.uk



The Laser User       Issue 58, Spring 2010

MEMBERS’ NEWS

7

Positioning
New levels of precision in elevation
Aerotech's new AirLift 115 is a unique 
submicron resolution vertical translation 
stage that maintains an almost perfect 
straight line performance over a travel 
range up to 150 mm at up to 50 mm/s. 

Aimed at demanding application areas 
such as semiconductor testing, nanos-
cale metrology, optical inspection and 
laser micromachining, the stage features 
a fully preloaded vertical air bearing in 
combination with a servomotor driven 
ballscrew in a compact design that 
includes an innovative drive mechanism. 

Positioning res-
olution across 
the range is 
50 nm with 
repeatability 
within ± 0.5 µm. 
Overall calibrat-
ed positional 
accuracy for the 50 mm travel version 
is within ± 1.0 µm and for the 150 mm 
travel version, ± 1.5 µm.
Contact: Cliff Jolliffe 
E: cjolliffe@aerotech.co.uk

Ancillary Equipment
Ultra-Quiet Air Compressor
Newport has introduced a new com-
pact, ultra quiet (30dB(A) at 30 cm) Air 
Compressor. The ACWS is clean, porta-
ble, and more convenient than a bottled 
air supply for 'floating' optical tables.

The ACWS can 
supply air to 
any Newport 
IsoStation™ or 
SmartTable™ 
OTS® system. 
The supply tank 
is large enough to 
supply air for up 
to three worksta-
tions, making the ACWS a very economi-
cal choice for new labs or for upgrading 
existing nitrogen-bottle configurations. 
The compressor operates intermittently 
and is monitored by a sensor that main-
tains the reserve tank’s preset minimum 
pressure. All required hardware comes 
standard and the ACWS package also 
includes a high-grade 5 µm air filter/regu-
lator to complete the system. 
Contact : Hans Dabeesing 
E : hans.dabeesomg@newport.com

Laser based sensing in M18 housing 
Panasonic 
Electric Works 
UK offers a 
range of photo-
electric sensors 
using visible laser light as the source. 
The laser is Class 1 and sensors offer a 
range up to 60 m.

Contact: Peter Bromley 
E: info-uk@eu.pewg.panasonic.com

Safety
Sperian Milan from Laser Physics UK
Sperian Eye & Face Protection intro-
duces its new Sperian Milan laser 
safety eyewear. Created to protect, and 
designed to look good when worn, the 
new Sperian Milan provides laser protec-
tion without compromising contemporary 
styling, fashion or adaptability. 

All Sperian Milan spectacles meet EN 
207 for the safe use of lasers.
Contact: Peter Bennet 
E: info@laserphysics.co.uk
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One of the many varied and interest-
ing research projects at the University 
of Southampton’s Optoelectronics 
Research Centre (ORC) involves 
direct UV laser writing of integrated 
optical circuits on specialised glass 
substrates and on its own patented 
‘flat’ optical cable. With application 
potential from telecom network com-
ponents through to lab-on-a-chip 
biological and chemical sensors, the 
photonic circuits are produced with 
the help of nanometre-level precision 
positioning systems and motion con-
trols from Aerotech.  

The optical components typically writ-
ten into substrates include curved or 
straight waveguides and splitters to 
channel light around the circuit; and 
Bragg gratings which can be used to 
measure the refractive index of fluids or 
other materials. These refractive index 
sensors are now built into complete 
optical microchip solutions by the ORC 
spin out company Stratophase Ltd.  

UV laser writing can also be directly 
applied to the special flat optical cable 
that is manufactured at the ORC, obvi-
ating the need for pigtail connections 
between optical fibre and optical mate-
rial substrates. In contrast to traditional 
photolithography mask projection meth-
ods, direct write benefits from single-
step integration and is consequently 
much faster and very adaptable for 
short production runs at reasonable 
costs. The process involves modifying 
the core layer of the fibre by manipulat-
ing the substrate under the focused 
UV laser, so clearly the precision and 
dynamic performance of the positioning 
system is intrinsic ‘enabling technology’ 
for the process.

The Bragg grating is produced when the 
output of a high power pulsed UV laser 
is split into two beams that are focused 
and overlapped 
to produce an 
intense dual 
beam interfer-
ence pattern 
at the target 
area. During the 
writing proc-
ess the focal 
length must be 
held constant 
and the overall 
positioning sys-
tem flatness, 

derived from pitch, roll, yaw and Abbe 
errors must maintain sub-micron toler-
ances. The writing process is continu-
ous, which requires the UV lasers’ power 
and firing pattern to be synchronised 
with on-the-fly compound translation of 
the X and Y axes. This synchronisation 
is critical for the process and is car-
ried out within the Aerotech controller 
by a software feature called Position 
Synchronised Output (PSO).

PSO triggers the UV laser in real time 
during continuous motion, processing 
high-speed encoder feedback in con-
junction with XY position array informa-
tion for the particular feature being writ-
ten. In this way, not only is each feature 
held to nanometre level tolerances in all 
planes, but the accuracy and repeat-
ability from feature to feature and the 
distance between them is also realised 
with ultra high precision.

The positioning system used at the 
ORC is an Aerotech ABL9000 series air 
bearing stage complete with the A3200 
Digital Automation Platform motion con-
trol system with FireWire® networked 
Ndrive linear stage amplifiers. With a 
300 mm x 300 mm travel range, this 
brushless linear servomotor driven, 
ultra-high precision stage features a 
balanced air-on-air preload system for 
maximum stiffness and glass scale 
encoder feedback with an encoder 
resolution of just one nanometre. The H-
bridge design maintains both axes and 
their respective encoders at the same 
level which co-locates the centrelines 
of mass, force and feedback - effec-
tively ensuring that errors are minimised 
for best performance straightness and 
flatness. With dual linear motor driven 
Y axes and active yaw control, the 
ABL9000 is able to produce perfectly 
parallel scans, straight lines and interpo-
lated curves over its entire working sur-
face. Each axis is factory calibrated by 
Aerotech against a laser interferometer 
with the error map information added to 
the controller. In operation this ensures 
optimum translation stage accuracy. 

The combination of Aerotech’s BLM 
series brushless linear servomotors 
and HLe series linear servo amplifiers 
provide the smoothness and stabil-
ity required for nanometre resolution 
positioning whilst ensuring the required 
high bandwidth, zero crossover distor-
tion and ultra-quiet EMC characteristics 
essential for this application. 

Aerotech’s A3200 Digital Automation 
Platform provides fully deterministic PC 
based motion control with advanced 
diagnostics, set-up and tuning features. 
As well as the PSO feature the A3200 
includes trajectory generation with multi-
block look ahead to minimise geometry 
errors in tight profiles by regulating the 
speed and/or the position on each axis. 

The complete system was supplied 
to the ORC on a granite base with an 
additional fixed bridge arrangement that 
provides a stable platform for the ORC 
supplied interferometer optical system. 
The scope of supply also included direct 
drive rotary and vertical lift stages with 
comparable resolution and precision 
that are used together for pre-alignment 
of the substrate. Full cable management 
was included in the design, which great-
ly assisted commissioning at the ORC.

The excellent performance of the 
ABL9000 series has now been enhanced 
with Aerotech’s PlanarHD air bearing 
stage. The new stage is aimed at high 
throughput scanning and ultra-high pre-
cision step-and-settle applications found 
in semiconductor processing and other 
emerging MEMS/Nano technologies. 
The design features larger air bearing 
surfaces for improved load carrying and 
higher dynamic characteristics. 

A brief performance specification for the 
PlanarHD air bearing stage includes 2 
m/sec scan velocity and peak accelera-
tion to 5 g - with a positioning resolution 
of up to 0.25 nanometres, repeatability 
to 50 nanometres and accuracy to +/- 
300 nanometres.

We would like to acknowledge the sup-
port of the Optoelectronics Research 
Centre at the University of Southampton 
in the preparation of this report.

Cliff Jolliffe is Managing Director of  
Aerotech Ltd UK

E: cjolliffe@aerotech.co.uk

Nanometre positioning for direct-write laser applications

Direct write Bragg grating 
using UV laser interference

Aerotech installation at the Southampton ORC 
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Measurement
New handheld laser 
beam probes
With a response time 
of 4 times shorter than 
the competition, the 
NEW Gentec model 
FLASH Handheld 
Laser Probes are 
capable of measuring up to 500 W or 
3 kW of average power in less time: 5-6 
seconds (500 W model) or 10-12 sec-
onds (3 kW model). They offer a 55 mm 
aperture and accurate power measure-
ments down to 2 W (500 W model). For 
monitoring applications readings can 
be taken in quick succession. The Flash 
also comes with an automated hands-
free operation capability. Custom trace-
able calibration at user-specified wave-
lengths is available.  

For high precision at high power the 
new High Power 3kW & 10kW Series 
from Gentec-EO is ideal for use with 
CO2 Lasers.  These heavy duty detec-
tors with large aperture size (60 mm and 
70 mm Ø) offer high accuracy and a very 
stable power measurement. 
Contact: Adrian Piddington 
E: info@lambdaphoto.co.uk

Laser marking polypropylene pipe
Polypropylene (PP) piping is used in 
diverse fluid-handling installations. It is 
ideal for high temperature applications 
where polyethylene (PE) and PVC pipe 
are not rated for use. 

The requirement for 
this application was 
to mark manufactur-
ing data on 50 mm 
nominal O.D. UV 
resistant polypropyl-
ene pipe. 

A Synrad Firestar 
t80 laser with FH 
Flyer marking head 
was used. Because 
of the large mark 
required, a Flyer 
head was fitted with 
a 370 mm lens that 
provides a 540 µm 
spot over the mark 
field. The mark file covers an area meas-
uring 19.1 mm by 292.1 mm 

Laser Lines Ltd offers the Synrad 
Firestar t80 lasers, FH Flyer marking 
heads and WinMark Pro laser marking 
Software.  
Contact: Gary Broadhead 
E: garyb@laserlines.co.uk

Web movement compensation
Rofin's recently launched web movement 
compensation (WMC) system enables 
complete compensation of web move-
ment during on the fly laser perforation 
of packaging materials. Operating across 
a comprehensive speed range, from 0 to 
greater than 500 m/ minute, WMC sig-
nificantly improves productivity whilst at 
the same time cutting waste.

Higher production speeds 
When a laser 
pulse hits fast-
moving mate-
rial the quality 
of the result-
ant hole may 
not be quite 
as required. 
If pulse dura-
tion and web 
speed exceed 
certain val-
ues, the holes 
become visibly 
oval and there 

may also be insufficient energy available 
to completely perforate the material. In 
many cases, material produced at high 
speed is not of the accuracy required 
to allow the specified air exchange for 
the packaging and is therefore deemed 
unusable. Historically, to overcome this 
issue the web speed is reduced resulting 
in higher production costs. Rofin's WMC 
overcomes this limitation, in some cases 
quadrupling previous performance, and 
allows satisfactory perforation of materi-
als that previously could not have been 
processed at profitable rates. 

Enhanced product shelf life
The shelf-life of perishable food has a 
great influence on its value and packag-
ing technology is increasingly demand-
ing precise control of perforations. The 
growth in markets such as health foods 
and snacks, has driven the requirement 
for extended shelf life for organic fruit, 
vegetables, nuts, dried fruit and cereals.  
An additional requirement has also arisen 
for multi-chamber trays used for multi-
component snacks. 

The consistency and quality of the per-
forations produced using Rofin’s WMC 
allows this to be achieved at higher 
speed. It has been developed by product 
designers who have over 30 years of 
experience in processing materials on 
web systems. 
Contact: Dave MacLellan 
E: sales@rofin-baasel.co.uk

Full details of all news items in the magazine, plus additional news items, can be found on the AILU web site

Applications for laser marking of metals: 
(ii) Applications for toolmakers
Posithread UK Limited offers one of the 
world’s most comprehensive ranges of 
threading inserts, thread mills, groov-
ing tools and tool holders. These tooling 
components, often designed and manu-
factured to unique customer specifica-
tions, must be correctly marked prior to 
shipping to the end user. Posithread rely 
on a Rofin EasyMark II compact laser 
marking system to generate the compo-
nent identification marks 

In particular, it 
is essential that 
parts can be 
identified time 
and time again 
when they are 
being used with-
in an arduous manufacturing environ-
ment. For certain industries such as Oil 
and Gas, where many components are 
safety critical, using the wrong threading 
insert or machining an incorrect thread 
form could have serious consequences. 
It is therefore essential that identification 
marks remain clearly visible.
Contact: Dave MacLellan 
E: sales@rofin-baasel.co.uk

Amada remote service reporting
Amada UK Ltd 
has designed 
and developed 
a bespoke elec-
tronic service 
reporting system 
in order to offer 
its customers a 
number of important advantages.

A remote working Amada engineer can 
complete his report at the conclusion 
of a job using an interactive online form 
and email it to Amada. As a result a 
concise and legible standard document 
is waiting in the customer’s email inbox 
before the engineer has left site, allowing 
the customer to review actions needed 
to reduce the risk of downtime and 
maintain production at its highest level. 

“With electronic reporting we can action 
remedial work within minutes of the 
engineer completing his report, keeping 
the amount of downtime on customer 
machines to a minimum,” said Amada’s 
National Service Manager, Leo Feeney. 
Contact: Gary Belfort 
E: gary.belfort@amada.co.u

Laser perforated array – 
produced at high speed using 
Rofin’s WMC

Contrasting engraved 
marks on PP pipe 
using 80 W from a CO2 
laser at 300 mm/s. 
This large-area mark 
consists of 64 TrueType 
font characters with a 
detailed logo. It was 
created in under 9 s.

Process
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First Amada C1 installed outside Japan
Hallmark Sheetmetal, a subcontractor 
based in Stoke-on-Trent, has acquired 
a brand new Amada LC2012 C1 laser/
punch CNC combination machine with 
integrated automation. It is not only the 
first of its kind in Europe it is the first to 
be installed anywhere outside Japan.

Interestingly, Hallmark traded-in its exist-
ing Amada X1 laser profiling centre in 
exchange for the new C1 combination 
machine. “The X1 is a fantastic machine, 
but when we bought it in 2006 we 
hoped to diversify but it didn’t happen, 
and after I saw the new C1 combination 
machine at the EuroBLECH exhibition 
last October I just felt it would provide 
improved productivity for the type of 
contracts we handle.”

The C1’s in-
line MP-C1 
automated 
load/unload 
system 
that offers 
Hallmark the 
ability to run 
unmanned day and night; and the addi-
tional punching and forming capability 
provides the company with the potential 
to complete parts on a single machine. 

“It’s no secret that punching is faster 
than laser cutting when it comes to 
the use of standard tooling to produce 
repeat features,” says Mr Martin. “For 
this reason we now punch as many 
features as we can on our new C1 to 
achieve better cost per part, while for 
aesthetic profiling we use the laser, or on 
apertures for which we have no tool.”

“Overall the C1 has been absolutely 
the right choice for us,” says Mr Martin. 
“Fortunately, the high residual value of 
the X1 laser combined with Amada’s 
used machine facility allowed us to 
trade-in the machine with little or no dis-
ruption to our business or cash flow.”

The features of the LC-C1 punch/laser 
combination machine include 20 tonnes 
of variable punching stroke, a quick 
change nozzle assembly; a quick change 
lens assembly; Amada’s AMNC win-
dows-based, network-ready control; and 
a 49 station MPT turret for flexibility and 
rapid set-up. Lift-up stations eliminate 
material marking due to high dies, while 
a floating brush table ensures punched 
down-forms do not catch on dies. 
Contact: Gary Belfort 
E: gary.belfort@amada.co.uk

TruLaser that grows with the business
The award-winning design and perform-
ance credentials of the TruLaser 3030 
NEW are now available in a new, entry-
level version of the machine. 

The TruLaser 3030 Lean is aimed at 
manufacturers needing additional and 
expandable capacity or those who do 
not currently require high productivity 
but want to keep their options open for 
the future. The machine’s capacity can 
be quickly and effectively boosted in 
line with customer demand thanks to an 
unprecedented choice of options and 
retrofit possibilities. 

It comes with 
all the tech-
nical advan-
tages of the 
TruLaser 
3030 NEW, 
an iF 2009 
Product 
Design winner and nominee for the 
German national Design Award for 2010.  

The TruLaser 3030 Lean Edition is 
equipped with a TruFlow 3200 laser 
for cutting sheet up to 20 mm and has 
simultaneous axis speeds of 140 m/ min.  
Faster processing is characteristic of the 
TruLaser 3030 NEW Series, resulting in 
more parts per unit time and lower ener-
gy cost per part.  The laser’s hibernation 
mode also contributes to the machine’s 
overall energy efficiency.

The innovative single head, with collision 
protection, processes a wide range of 
material thicknesses. LensLine, the lens 
monitoring system and AdjustLine, for 
instant increase of material tolerance, 
are included in the standard package. 

The ergonomics and the compact 
design of the TruLaser 3030 Lean are 
significant benefits. The machine can be 
fed with sheets from the side or rear of 
the machine.  The automation options 
start with an automatic pallet changer 
and include a range of possibilities from 
a simple LoadMaster loader through to 
a complete LiftMaster storage and auto-
mation system.

For process optimisation a premium 
cutting package is available as both an 
option and a retrofit. The components 
are PierceLine, FastLine and a spray 
unit that prevents material spatter from 
sticking. 

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

Cutting wood with the Firestar f400
Many industrial laser processes involve 
various steel or plastic materials. 
However, products manufactured from 
wood are also ideal candidates for CO2 
laser processing. Some of these appli-
cations include creating complex hard-
wood puzzle pieces, precisely grooving 
birch or maple dieboard for die cutting 
operations, and cutting out the intricate 
balsa wood components for model kits.

Because laser cutting wood is a chemi-
cal degradation process (where the 
wood fibre is burned away and removed 
from the cut area by pressurized assist 
gas), cut edges are usually charred at 
the surface, but little to no discoloration 
is seen on adjoining faces.

The largest problem when cutting wood 
by any method is moisture content and 
density - dry, lightweight woods cut eas-
ily while dense or moisture-laden woods 
cut more slowly. For laser cutting opera-
tions, consistent storage conditions and 
moisture control procedures are crucial 
to obtaining repeatable results.

To illustrate the 
capability of the 
Synrad Firestar 
f400 laser, the 
gear shape 
opposite was 
cut from a piece 
of 12.7 mm  
thick walnut 
hardwood. 
Using 400 W of 
power, the pat-
tern shown was cut at a rate of 2 m/min 
in a cycle time of 29 seconds. Although 
the laser-cut tooth faces exhibit some 
surface charring, both top and bottom 
surfaces are clean and free of discolora-
tion. The setup consisted of an XY "fly-
ing optics" cutting head that provided 
a 100 µm focused spot and a 1.8 mm 
depth of focus. Pressurised air assist, at 
2 bar (30 PSI) was supplied through the 
nozzle to the work surface.

In the UK Laser Lines offers the Synrad 
Firestar f400 lasers

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

This intricate gear shape 
was cut from 12.7 mm thick 
walnut hardwood using 
400 W of CO2 laser power at 
2 m/min
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MSS Lasers held an open house on 17th 
and 18th March to celebrate the opening 
of its new 16,000 sq ft Technical Centre 
in Rugby for refurbished laser profiling 
machines and new nitrogen generation 
equipment.

The company is keeping its exist-
ing premises, so it will be doubling its 
capacity. The new facility allows custom-
ers to see a range of fully operational 
CNC lasers from different manufactur-
ers and to choose the best equipment 
for their application in consultation with 
MSS lasers technicians, who are able 
to offer completely impartial and expert 
guidance.

Refurbishment work on the lasers is car-
ried out at MSS Lasers' original factory, 
with final testing, troubleshooting and 
demonstrations taking place in the new 
unit. This two stage process enables 

the company to offer machines with a 
warranty, in ‘as new’ condition, and at 
a fraction of the price of a comparable 
new laser. 

After sales service is provided by MSS 
Lasers team of five field service engi-
neers, while the new purpose built train-
ing room allows users to take advantage 
of a technology transfer programme 
geared towards encouraging compe-
tence through knowledge.  

Assembly of nitrogen generation plants 
also takes place at the new facility. The 
plants are tailored to the needs of individ-
ual customers, providing pure, high pres-
sure gas, on demand. The technology is 
well proven, with over 100 lasers running 
in the UK with MSS equipment. The 
installation of a nitrogen generator plant 
provides immediate savings in gas cost 
for laser users, as well as environmental, 
logistical and operational benefits. 

To encourage companies to implement 
new technology, MSS Lasers offer free 
(subject to conditions), no obligation tri-
als of both laser machines and nitrogen 
generators with an option for low cost 
rental to make equipment acquisition as 
easy as possible.

Neil Jackson, General Manager for MSS 
Lasers said, “Our aim is to offer our cus-
tomers the type of experience, including 
a professional level of service and sup-
port, that you would expect to receive 
when purchasing a new CNC laser. Our 
expertise in laser cutting and the stand-
ard we set for process quality, takes 
the uncertainty out of purchasing used 
equipment. Furthermore, our knowledge 
of the laser cutting process enables us 
to customise our nitrogen generators to 
suit the demands of individual users.”
Contact: Neil Jackson 
E: sales@mss-lasers.com

MSS expands to provide an improved service

Refurbished Trumpf laser cutting machine

MSS Laser's new factory
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The advent of compact, sealed CO2 
lasers with improved output charac-
teristics, together with the develop-
ment of more sophisticated robotic 
systems, have enabled lasers to move 
into high precision processing tasks 
for non-metallic materials, particularly 
components destined for automotive 
interiors.   

Modern Automotive Interiors
Modern automotive interiors (dash-
boards, consoles, doors, headliners, 
etc.) typically consist of a number of 
individual panels attached to the metal 
auto body.  These panels often have 
complex, three dimensional shapes, and 
may contain numerous holes to accom-
modate lights, controls, speakers and 
indicators.  A wide variety of materials 
are used in panel construction often in 
multilayer combinations, including tex-
tiles, leather, synthetic skins, aluminium, 
various plastics, and carbon fibre.  

For example, the interior of a door pillar 
might consist of an injection moulded 
structural element covered with fabric.  
Edges and holes must then be trimmed, 
but leaving no noticeable change to the 
colour or texture of the outermost (i.e. 
visible) layer of the part, with edges free 
from debris and smooth to the touch.  
Process throughput and uptime is also 
critical in this relatively cost sensitive 
application.  

Because of the diversity of automotive 
interior production needs, several pro-
duction technologies currently co-exist.  
They include die punching, blade cut-
ting, ultrasonic cutting, water jet cut-
ting, milling and laser cutting.  While the 
laser is by no means the best solution 
for every problem, non-contact laser 
processing is increasingly emerging as 
the tool of choice when cutting thin, 
flexible parts or components with com-
plex 3D shapes.  Laser processing also 
excels at weakening or perforating parts 
(called half cutting).  Plus, it produces 
sealed edges when used with organic 
materials, and, in general, is a reproduc-
ible and flexible process.  

Technical Innovations
Sealed CO2 lasers offer better perform-
ance/cost characteristics than other 
technologies for many of the applica-
tions.  But their mid-IR output cannot 
easily be fibre delivered, so a mirror 
system is requires to guide the beam to 
the focusing optics.  However, thanks 

to recent advances in lasers and robotic 
beam delivery the automotive applica-
tions of these lasers has significantly 
expanded.  

For example, Reis Robotics has devel-
oped an innovative approach in which 
the laser itself is mounted on the first/
upper segment of an articulated arm. 
The laser beam is directed through an 
internal beam guidance system with 
gimbaled mirrors, without limiting the 
dynamics of the robot. Specifically, in 
some Reis Robotics systems, veloci-
ties of >500 mm/s per second can be 
obtained, enabling the system to rapidly 
follow even the most complex shapes.  

The Coherent DIAMOND E-1000 is a 
1kW sealed slab discharge laser with 
several characteristics that make it 
an ideal match for many automotive 
interiors applications. It is a physically 
compact laser providing a high qual-
ity Gaussian beam (M2 <1.2). Also, the 
laser power supply is integrated within 
the laser head, eliminating the RF umbil-
ical; thereby reducing cost, increasing 
system reliability (MTBF > 60,000 hr) 
and enabling rapid pulse rise times on 
the order of only 50 µs.  Faster pulse 
rise and fall times means that more of 
the total pulse energy is delivered above 
the cutting threshold.

This unique combination of beam qual-
ity and fast rise time maximises the ratio 
of usable power to total power.  The end 
result is faster cutting, a reduced HAZ 
(heat affected zone), cleaner cut edges 
and less debris.  All these are significant 
advantages when processing the multi-
layer materials and metallized surfaces 
encountered in automotive interior com-
ponents.  

Another significant advantage of laser 
processing is the clean cut edge when 
cutting fibre reinforced materials. In 
contrast, mechanical cutting methods 
often leave fibres protruding from the 
cut edge.   

Typical applications

A typical application for the Reis 
Robotics system is trimming fabric 
from a door pillar, as illustrated above.  
Overall processing economics demand 
feed rates of 100’s of millimeters per 
second.  Cutting the fabric requires 
~100 to 200 W of laser power in a spot 
size in the 0.2 to 0.3 mm.  The plastic 
part itself is usually around 2 mm thick.  
It may be necessary to cut through this 
too (e.g. for an optional airbag opening), 
which might need 400 W or even 1 kW 
of power.  

Another application is the cutting of 
foils; plastic (e.g. ABS) film 300 to 
500 µm thick.  These are used for deco-
rative purposes, and may be printed 
on or have metal sputtered on to their 
surface.  Typically, a 3D-thermoforming 
process is first applied to the foil, which 
is then laser cut into its final 3D-shape.  
Next, the cut foil is put into an injection 
molding machine, and a plastic part is 
formed behind it (thus, the foil becomes 
the outside, visible surface of the part).  
These foils are typically used on dash/
instrument panels and doors and can be 
produced with a wide variety of colours 
and decors, providing an easy way to 
individualise a car.

Frank Gaebler is Market Development 
Manager for Material Processing in 
Europe, Coherent Inc.  

E: frank.gaebler@coherent.com

CO2 lasers and robotics in the production of automotive interiors

The Reis Robotics laser robot system mounts 
the Coherent laser DIAMOND E-1000 on an 
articulated arm that can rapidly follow complex, 
3D shapes. 
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An 
injection 
moulded, 
material 
covered 
pillar, 
before 
and after 
trimming.

Thin 
foils are 
utilized for 
decorative 
purposes 
in 
automotive 
interiors.
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Hutchinson invests in tube cutting
Hutchinson Engineering has made a 
£800,000 investment in an Adige LT8,  
a state of the art tube laser machine.  
This is only the second of its kind to be 
installed in the UK, and will process box, 
pipe, angle and channel with a 3-D head.  

According 
to Managing 
Director Mark 
Hutchinson, the 
machine has 
the potential 
to transform 
fabrication tech-
niques, bringing 
a new dimension 
to issues such 
as putting holes 
and profiles in 
sections. Indeed, 
the machine 
brings with it endless possibilities in 
terms of fabrication techniques and 
processes.  

Hutchinson Engineering, which oper-
ates a 25,000 sq ft plant on a two acre 
site outside Kilrea, Northern Ireland, was 
established in 1971. It currently employs 
over 40 members of staff. Traditionally 
the company was agriculturally orientat-
ed; but in 1996 Hutchinson Engineering 
turned its attention to the industrial sub-
contract market.  They now have a large 
customer base serving the transport, 
Agricultural, and Construction industry. 
Many of their customers are involved in 
the waste recycling sector.  

The LT8 can process box section up to 
200 x 200 mm and pipe up to 220 mm 
diameter with a loading length of 
8500 mm. Initially it's arrival will create 
two new jobs, with the prospect of an 
additional two within the next 24 months. 

The company is hoping that the move 
will strengthen its position as one of 
Northern Ireland’s leading subcontract 
manufacturing companies. Tube Laser 
cutting is a new addition to its 3D design 
service (H360), sheet metal laser cutting, 
folding, fabrication, and finishing.

H360 is a sister company of Hutchinson, 
specialising in design using 3D packages 
such as solid works.  "We now have the 
facilities to take a 3D problem, design a 
solution and manufacture a prototype," 
said Mark.
Contact: Mark Hutchinson 
E: mark@hutchinson-engineering.co.uk

Material Solutions reaches for the sky
Additive layer manufacturing for direct 
part production is fast becoming a sig-
nificant part of the overall ALM industry. 
The many benefits of this process have 
seen the technology embraced by a 
number of manufacturing sectors, not 
least the aerospace industry. The ability 
to produce components in a wide range 
of materials including hot work steels, 
stainless steel, cobalt chromes, inconel 
plus titanium and aluminium alloys, 
presents the aerospace industry with 
immense potential for direct part pro-
duction using ALM.

Birmingham based Material Solutions 
operates an ALM applications develop-
ment centre with a particular focus on 
the aerospace sector. Carl Brancher of 
Material Solutions explains “ALM in high 
performance metals is well suited for 
complex thin walled structures in gas 
turbines. However as a new technology it 
is not yet well understood or validated by 
potential users and like all manufacturing 
processes, to get the best from metal 
ALM requires the designer to understand 
the process capabilities and materi-
als mechanical properties. Materials 
Solutions provides manufactured parts, 
consulting (principally to the aerospace 
market) and working with equipment and 
materials vendors to develop the tech-
nology for mass production”

The collaboration between Material 
Solutions and their clients has so far 
led to the production of a wide range of 
components over the last 3 years and, 
with component size having reached the 
limit of existing Material Solutions capa-
bility, the company has turned to the 
Concept Laser M3 linear system.

Linear drives allow large build volumes
Unlike other machines the M3 linear 
employs a combination of galvo scan-
ning mirrors and linear direct drives to 
move the scanning head, facilitating 
the fabrication of larger volume compo-
nents. Its performance was evaluated by 

Material Solutions, who designed a test 
component that would qualify certain 
build criteria and which could also be 
used to educate and inform aerospace 
designers of “Additive Friendly” design 
features and techniques. These include; 
reducing supports and using larger flow-
ing radii to assist in reducing the time 
to build and subsequently, component 
production and finishing costs. The test 
part incorporates many features such as 
small diameter holes, threaded features, 
thin rib sections and areas of thick mate-
rial section all typically found in aero-
space components. The greatest chal-
lenges for Concept Laser GmbH were 
that a component of this size had never 
before been built and added to this the 
part was required in an unexpectedly 
short timescale.

The finished 
component 
demonstrates 
the current 
capabilities of 
the technolo-
gy in terms of 
size, accuracy 
and surface 
finish. Whilst 
this part does 
not yet satisfy 
the ultimate 
demands of 
aerospace manufacturers it clearly con-
firms the capabilities of the process, the 
scalable potential of further development 
of the M3 linear for large aerospace 
components. 

There are also practical aspects to be 
considered when building large parts. 
Larger volume components require 
greater volumes of powder and hence 
a robust and stable platform to accom-
modate the weight. Having then built a 
large volume, and potentially very heavy 
component, safe and easy removal is 
essential The M3 linear machine is built 
around a substantial fabricated frame-
work and already incorporates a remov-
able build module enabling the module 
and component to be easily positioned 
under an overhead crane if required.

The success of this exercise and the 
current collaboration between Material 
Solutions and Concept Laser GmbH 
will be used to define the future strate-
gies and technical milestones which will 
eventually see parts manufactured by 
ALM techniques leave the laboratory and 
take to the air.
Contact:  Colin Cater 
E:  c.cater@estechnology.co.uk

Job Shop Services

Component designed by 
Material Solutions and 
manufactured on Concept 
Laser’s M3 linear. The outer 
diameter is 300 mm. 
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When we look around our home, or car 
for that matter, it seems that almost 
every electronic device has an LCD dis-
play of some description, with screen 
sizes ranging from miniature to over 50 
inches in the case of LCD televisions.

In the vast majority of cases, every pixel 
in the screen is active. The rows and 
columns of the pixel matrix are activated 
using transparent indium tin oxide (ITO) 
conductive paths. 

As part of the process in the produc-
tion of TFT displays, a conductive con-
nection must be established between 
the rows and columns of the matrix 
– an intentional short circuit, as it were. 
However, at a later stage in the produc-
tion process, this step must be carefully 
undone.

High speed with high accuracy
A TFT panel edge can sometimes be 
over a metre long and the connection 
groups are distributed over the whole 
length. Each group of conductive paths 
has to be cut accurately and abso-
lutely reliably with a line width of just 
35 ± 5 μm. 

In addition to the high accuracy required 
for this application, leading screen man-
ufacturers demand processing speeds 
in excess of 400 mm / second. These 
requirements for accuracy and speed 
combined with the physical size of the 
larger components poses some interest-
ing production challenges.  

Galvo deflection heads are often used to 
position a laser beam across the work-
ing area. However, with a processing 
field of this size the resultant spot diam-
eter would be too large, meaning the 
narrow line widths required could not be 
guaranteed across the whole field. 

A solution is to use fixed optics, with the 
laser and optics combination mounted 
to one motor driven axis and the panel 
moved in the other direction by a sepa-
rate axis. To maintain the high process-
ing speeds demanded by manufacturers 
the laser needs to be both powerful and 
compact.

A laser solution
Rofin’s new PowerLine SL 8 IC has 
been developed specifically for the fine 
cutting operations required on TFTs.  

The beam 
source has 
been opti-
mised to meet 
strict require-
ments on 
beam quality 
and pulse to 
pulse stability at high frequencies. A 
temperature management system with 
independent thermal monitoring, stabili-
zation of all relevant optical components 
and heat dissipation via a cooling plate 
ensures long-term stability and perform-
ance, which is necessary for reliable 
continuous operation.  

The PowerLine SL 8 IC reliably cuts ITO 
conductive paths with the specified line 
width of 35 µm, and the power avail-
able from this new laser means that it 
is capable of achieving much higher 
speeds than the 400 mm / second 
demanded by the leading screen manu-
facturers.
Contact: Dave MacLellan 
E: sales@rofin-baasel.co.uk

Case studies
Fine laser cutting for LCD displays

Bradford-based subcontract fabrica-
tion specialist Powell Manufacturing has 
achieved notably impressive 99.68% 
uptime since installing its latest TruLaser 
3040 laser cutting machine from Trumpf.

Powell Manufacturing demanded high 
uptime guarantees before committing 
to the purchase of the TruLaser 3040 to 
ensure that it could continue to meet the 
expectations of its high profile custom-
ers in industries such as electronics, 
construction and automotive.

A division of Switchgear & 
Instrumentation Ltd, Powell 
Manufacturing was acquired by US 
group Powell Industries in 2005. The 
company continues to supply products 
for the switchgear side of its business, 
but around £5 million/annum turnover is 
generated from external contracts.

“Turnaround times are tight and there is 
little if no margin for machine downtime, 
particularly with regard to our laser cut-
ting facilities which are integral to our 
operation and productivity,” says Powell 
Manufacturing’s sales and marketing 
manager Peter Watts. “We operate a 
computerised capacity planning system 
to schedule the workload across all our 

processes, thereby ensuring deliver-
ies are maintained at the optimum, and 
allowing fast re-scheduling to reflect the 
dynamic demands of our many and var-
ied customers. Machine downtime does 
not fit into this manufacturing ethos.”

In its first 97 weeks, the TruLaser 3040 
averaged 143.54 hours per week. This 
equates to 99.68% availability across 
the company’s working directive of 24 
hours a day, six days a week (= 144 
hours).  Downtime amounted to just 42 
hours in 97 weeks, time attributed to 
installing software updates and routine 
replacement of wearing parts. 

“We have four engineers trained to 
maintain Trumpf machines,” says Peter. 
“Most of the maintenance is simply 
planned routine tasks, but if there is ever 
a small glitch, we have the capability to 
get the machine up and running again in 
minutes rather than calling for assistance 
from Trumpf. Our team could rectify a 
major fault should one arise and we are 
one of the few companies trusted by 
Trumpf to work on the high voltage side 
of the resonator.”

“While the performance of the TruLaser 
3040 has been outstanding, the attitude 

of Powell Manufacturing is very refresh-
ing,” says Trumpf service manager Brian 
Harper. “But not all Trumpf users need 
to reach Powell’s level of expertise. Even 
learning a simple programme of planned 
maintenance and care can considerably 
extend a machine's life expectancy.”

The inherent flexibility and lack of tool 
changes means that laser cutting is well 
suited to the business model at Powell 
Manufacturing, which also undertakes 
CNC forming, welding, powder coating 
and assembly operations at its Bradford 
facility 24 hours a day, six days a week.
Contact: Gerry Jones
E: g.jones@uk.Trumpf.com

Minimising machine downtime at Powell Manufacturing
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Unlike conventional die cutting, laser 
cutting requires no physical tools to 
contact the material. As a result, laser 
cutting / kiss cutting can create fine and 
intricate patterns. In addition, laser cut-
ting overcomes the shape limitation of 
die cutting. 

Dies are indeed efficient for dealing with 
large production batches but not for fast 
turnaround, small quantities or JIT work-
ing. Another advantage  of laser over 
die-cutting is, theoretically,  zero set up 
time.

In summary, laser cutting benefits over 
die cutting include:

• The stock is not weakened between 
cuts;

• The short system set-up time 
makes short runs and prototyping   
profitable; 

• The level of detail does not affect 
cost;

• Registration is tight and consistent;
• Die-cut scrap is eliminated and 

contact-free processing allows for 
tighter nesting;

• Low tooling costs for procurement, 
repair and storage compared to 
intricate dies;

• Digital process from start to fin-
ish means higher quality, flexibility, 
precision and lower cost per unit for 
small production runs.

SEI Laser Converting, the new com-
pany in the SEI laser group, intends to 
penetrate the label market with the new 
Label Master (LM), a complete digital 
die cutting and finishing label system.

Label Master is the first in a basket 
of laser-based products from Laser 
Converting. Highlights include:

• Flexo-coating unit for the final pro-
tection of printed labels  even for 
digital printing;

• Hot gold stamping based on semi-
rotary cylinder for foil -saving and 
waste reduction;

• Inspection and control unit;
• Quick change of bobbin in process;
• Fume extraction and particle filtra-

tion for the fumes generated during 
laser processing;

Label Master has been designed to 
laser process standard roll materials 
including: paper, polyethylene (PE), PET, 
PP, the special supports designed for 
labels and TNT or many others.

The latest generation of SEI laser mark-
ing systems are built into the Label 
Master. Positioning, laser power and 
energy control provides the basis for 
perfect label cutting and prevents 
charred edges and corners.

There is an unmistakable enthusiasm 
at SEI. An energy that arises from a 
passion for helping our clients build 
stronger relationships with their custom-
ers through products and applications. 
Every day, we help our clients develop 
concepts that are being executed for 
the first time. There’s a real level of 
adventure in that sort of collaboration.

Our customers are often amazed at the 
edge quality and intricacy that we can 
achieve in a variety of materials includ-
ing acrylic, paper, fabric and many 
others. It is the result of years of experi-
ence, teamwork and pride.

With this spirit we are proud to present 
our latest development to the Label 
Converting Industry.
Contact: Ivan Blini 
E: iblini@seilaser.com

Preston-based Seward Precision Laser 
Ltd has acquired a new high speed, 
high specification Amada F1 CNC laser 
profiling centre with linear drives. The 
machine has doubled capacity at this 
progressive and successful contract fab-
rication shop, and complements a recent 
company move to larger premises.

Seward Precision was formed in 2003 
when the owner, Graham Seward, 
sought a machine tool company pre-
pared to help finance his aspiration of 
establishing a rapid response, competi-
tive and high quality fabrication com-
pany. Amada’ offered a finance package 
consisting of a 4kW LC2415 Alpha laser, 
a press brake (with tooling), training and 
a maintenance package all wrapped up 
in a fixed monthly payment to suit Mr 
Seward’s situation. 

Since then, the company has gone from 
strength-to-strength, substantiated by 
a move last year to premises that have 
trebled Seward Precision’s floor space. 

As his company was now well estab-
lished he had a wider choice of sup-
plier for both machines and finance, 
but remained with Amada, purchasing 

the new Amada F1 4kW all-linear axis 
machine. The principal reasons for 
machine selection were cutting speed, 
cutting quality and, most importantly, 
the ability to cut material from 1 to 
20mm thick without any set-up. 

The F1 features twin adaptive optics 
control spot diameter to provide opti-
mum cutting speed and quality, making 
it possible to cut all material thicknesses 
using just a single laser lens. 

Linear drives in all three axes provide 
high speed – 170m/min in XY – and 
impressive acceleration rates of 1.5G in 
the X and Y axes, and 3G in Z. The F1 
also features in-process cut monitoring, 
to ensure stable cutting and avoid errors 
such as plasma and gouging.

A single operator at Seward Precision 
oversees both laser and press brake 
simultaneously, bending parts while the 
laser is cutting. This strategy allows 
Seward Precision to be flexible with 
working hours and yet have the same 
output as larger competitors. The provi-
sion of bending capability from day one 
has provided significant advantage over 
laser-only job shops.

Seward Precision currently has enough 
capacity to meet customer require-
ments, but if necessary it can add 
automation to the Amada F1 – anything 
from stand-alone options through to 
tower systems and full stockyards – for 
24-hour production without the need to 
increase staff levels.

“Our aim, through the acquisition of the 
latest manufacturing technology and 
the application of a can-do attitude, is 
to deliver a quality laser cutting serv-
ice at a competitive price,” concluded 
Graham. “We are the first company in 
Europe to purchase the new Amada 
F1 laser cutter, which shows our com-
mitment to being at the forefront of 
technology in the precision laser cutting 
industry.”
Contact: Gary Belfort 
E: gary.belfort@amada.co.uk

Laser replaced die cutting for labels

Laser accelerates growth in capacity
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What do you see as the main threats and 
opportunities for laser materials process-
ing in Europe?
I think there are real threats to manufac-
turer of sources and systems for laser 
materials processing coming from China,  
in particular for manufacturers of laser 
sources with simple resonator design. (EB) 

Do you think that the EU is spending its 
research and development Euros wisely?
In general, yes.  For example, our insti-
tute is coordinating the EU project 
“Leadership in Fibre Laser Technology” 
whose objective is to further develop the 
technology of fibre lasers in Europe as 
well as to explore new fields of applica-
tion for this type of lasers. (AW)

How do you see the industrial use of 
lasers developing in the short to medium 
term in Germany and in Europe generally? 
First of all, both the laser supply industry 
and the users of laser technology need 
to recover from the economic crises.  
Besides this, new applications are under 
development thanks to the availability of 
high brightness laser sources and short 
pulse lasers with relatively high average 
power. (EB)

There is currently a great interest in nan-
otechnology. What opportunities do you 
see for lasers in this area?
To my mind, the opportunities for lasers 
are limited in this area.  This has a lot to 
do with minimum size of the structures 
and features that can be processed 
with the laser, which is typically of order 
1 micron. One exception is surface struc-
turing by the method of direct laser inter-
ference patterning, which allows features 
to be produced on a scale less than a 
micron; another is the fabrication of nano 
particles by bombarding a bulk material 
with a femtosecond laser. (AW)

How strongly is the evolution of indus-
trial laser applications in Europe being 
driven by legislation derived from climate 
change, security, the aging population and 
other concerns of the 21st century, and 
how big a role do you see lasers playing?

The evolution of indus-
trial laser applications 
is strongly driven by the 
drive to develop energy 
efficient manufacturing 
technologies.  On one 
hand, the laser sources available today 
are much more efficient than they were 
a few years ago.  On the other hand the 
laser plays an important role in the manu-
facturing of products essential to such 
areas as energy efficient mobility (e.g. 
welding of lithium ion batteries), efficient 
generation of energy (e.g. heat treatment 
of turbine blades) and efficient transmis-
sion of energy (e.g. micro structuring of 
transformer core lamination sheets). (EB)

What do you think are the key drivers for 
(and barriers to) getting laser technology 
implemented in industry?
Cost, cost, and cost again.  Either laser 
processing needs to be more cost effi-
cient in direct competition with a conven-
tional manufacturing method or the laser 
needs to make it possible to save a lot 
of money in the longer term by offering 
a way of replacing a whole production 
chain.  In some cases, laser processing 
offers a unique solution i.e. an alternative 
technology does not exist. (AW)

In comparison to Germany the UK has 
been poor in getting Laser Materials 
Processing implemented in industry. Why 
do you think this is and what should the 
UK be doing about increasing industrial 
uptake in laser technology? 
There are several reasons why the UK 
lags behind Germany in its industrial use 
of lasers.  Firstly, Germany has a stronger 
industrial manufacturing sector than the 
UK has.  Secondly, we have had a lot of 
governmental funding for the laser tech-
nology in Germany during the last dec-
ades.  Thus, we have a “laser landscape” 
that reaches from several R&D institutes 
like Fraunhofer over the traditional opti-
cal industry, laser manufacturers, system 
integrators to the end users in the manu-
facturing industry. (EB)

Does the Fraunhofer IWS do much 
work for companies based outside of 
Germany?
Yes, we do some work for customers out-
side of Germany. Last year for example, 
25 per cent of the research and develop-
ment activities of the Fraunhofer IWS 
were for customers from abroad, and the 
number is increasing constantly. (AW)

The development of high brightness and 
ultra-short pulse solid-state sources con-
tinues to have a major impact on laser 
materials processing applications. Which 
trends in laser source/ beam delivery / 
laser machine development do you feel 
will be particularly important and which 
industrial sectors do you think will benefit 
the most?
We think the main focus will be on ultra-
short pulse solid state lasers in the near 
future.  This kind of laser will give rise to 
novel micro applications or it will make 
existing processes profitable, in particular 
in the medical, electronic and photovolta-
ic industry.  Therefore, we as Fraunhofer 
IWS will invest in this technology and will 
definitely contribute to develop beam 
delivery systems like ultra-fast beam 
deflection systems that are capable to 
get these lasers on the work piece with 
the required processing speed. (EB)

Do you think that one particular laser type 
will come to dominate high power Laser 
Materials Processing applications in the 
future?
It depends.  High power diode lasers are 
suitable for heat treatment, soldering, 
cladding, and heat conduction welding.  
Fibre and disk lasers will be used mainly 
for cutting and key hole welding and 
compete with CO2 lasers. Nevertheless, 
there are some cutting and welding appli-
cations, such as remote laser processing, 
for which only high power fibre lasers 
with single mode beam quality can meet 
the requirements of the process. (AW)

A view from Germany
Interview with Eckhard Beyer and Andreas Wetzig

The Executive Director at the Fraunhofer IWS, Dresden, and 
the Head of the IWS Department of Ablation and Cutting 
consider the future for lasers in manufacturing
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Professor Eckhard Beyer (l) and Dr Andreas Wetzig
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The Industrial Laser Applications Symposium presents a biannual opportunity for the UK community of laser materials 
processing researchers and end-users to meet for networking and technology transfer activities

 
Practical as well as research presentations are sought, addressing aspects of laser equipment, processes and applications, 

including case studies, research work, reviews and the results of collaborative projects. 

Please submit a short (~100 word) abstract to liz@ailu.org.uk outlining what you would like to present

SHARP COMMENT

I'm sure I don't need 
to remind readers 
in the UK that the 
General Election is not 

far away. One of the key differences 
between the major parties is the 
question of when to start trying to bal-
ance the books and reduce the deficit; 
which means that for public sector 
employees there’s little to choose 
from: the hurt is coming and the only 
difference is when. Moreover, if we 
are to believe the main parties, spend 
on the so-called front line services will 
be 'ring fenced' and it will be areas 
like higher education, research, grants 
for business and regional develop-
ment activities that are likely to suffer 
the biggest cuts and face the greatest 
problems in balancing their books. 

Certainly when I talk to fellow academ-
ics, they are being asked to look at 
budgets and find savings, and vice-
chancellors are positioning themselves 
for a future that will almost certainly 
include staff losses. And reports are 
coming in thick and fast of impending 
cuts in research funding through the 
research councils and the Technology 
Strategy Board. 

Sadly, all this is all occurring at a 
time when record numbers of A-level 
students are failing to get places at 
University and the “success rate” of 
submitting proposals to TSB calls is fall-
ing mainly due to the calls being heavily 
oversubscribed. 

The combination of an underfunding 
of higher education and technology 
research is not encouraging for a coun-
try that, in response to competition from 
the East is seeking to establish a thriving 
knowledge-based economy. I can see 
that in the face of such cutbacks there is 
going to be a noticeable reduction in the 
sort of innovation, spin-out companies 
and exploitation that has made a major 
contribution to UK plc. 

Research funding is the lifeblood of an 
academic research group. The majority 
of researchers in a group will be on short 
term (1 to 3 years) contracts funded by 
research contracts based on research 
council funding or TSB collaborative 
R&D projects. It is normally only the 
group leader, a deputy and maybe one 
or two lecturers in the bigger groups 
who are paid centrally and have a 
degree of permanence, so the first effect 
of cuts will likely be the reduction in the 
number of contract researchers.  

These researchers are crucial to pro-
ducing the research outputs. No matter 
how may laser systems you have, what 
wonderful analysis facilities you possess, 
you need hands and brains in the lab to 
deliver research output. There is noth-
ing more frustrating than to see a lab full 
of state of the art equipment sitting idle 
because there is not enough research 
staff and students to put it to work.

This is what drives most research group 
leaders to keep on the treadmill of grant 
applications. They need the grants to 
come in, to maintain research staff lev-
els, and retain the researchers who can 
hold significant amounts of knowledge 
and experience of their lab's work.

And as these grants all have to be bid 
for in a competitive way. Indeed, the 
whole exercise is virtually identical to 
the situation for the directors in industry: 
they have to compete to win the busi-
ness to bring in the money to pay the 
staff to produce the goods and  maintain 
the companies business activity. 

Research group leaders like to share 
information and collaborate openly in the 
development of new ideas and process-
es for the benefit of the country, but new 
ideas and processes are the very “prod-
ucts” we have to "sell" to win research 
grant competitions. An immediate 
consequence of increasing competition 
for grants will be a greater reluctance 

to share: we will become less willing 
to openly discuss the ideas we have in 
our group and instead keep them under 
wraps until we see a good opportunity 
to use them as the basis of bidding for 
a grant or (through a non-disclosure 
agreement) to have talks with a company 
about funding their development. 

This is the academic research busi-
ness. We have to protect ideas in the 
same way that the business members of 
AILU protect their business. If they are 
approached by a company interested in 
their products, they wouldn’t first place 
a news item on the AILU website that 
would effectively announce to their com-
petitors that there is a customer with 
money to spend; nor would they tell their 
potential customer where else they can 
go to buy the product. 

I would rather it was not this way. I 
would like all research group leaders to 
meet up, with industry as well, to work 
out what we have to deliver over the 
coming years to give (dare I say keep) 
the UK at the forefront of laser process-
ing. At that meeting we would divide 
up the work between us all, safe in the 
knowledge that we will get a fair share 
of the resources and be able to afford to 
employ researchers in the lab. 

In this way we could then concentrate 
our efforts on delivering what really 
matters – the research outputs - and 
less time on the grant writing treadmill. 
However, faced with the impending cuts 
in research funding this utopian vision 
seems further away than ever.

Martin Sharp is leader of the Photonics 
in Engineering Research Group, the 
General Engineering Research Institute, 
Liverpool John Moores University.

E: m.sharp@ljmu.ac.uk

Coping with cuts in research funding 
Personal 'opinions' on matters laser by Martin Sharp, an industrialist turned academic

ILAS 2011: Call for Abstracts
 15 &16 March 2011  Birchwood Park   Warrington

Deadline: 31 July 2010

Help AILU make this event the success that the UK laser community deserves!
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Summer is here, the 
clocks have been put 
forward and there are 
blizzard conditions in 

Scotland with thousands of homes with-
out electricity and a foot of snow. Just 
about sums up the crazy situation in the 
UK this past 2 years!

Also 2 years is exactly the period of 
tenure for the post of JSG Chair and 
it is with mixed emotions that another 
member of the JSG will take over the 
post of chair at the next committee 
meeting. It has not been an easy period 
to try and push forward the aims of our 
association. Membership levels have 
been difficult to maintain in such a poor 
economic situation where the cost of 
membership could be regarded as a 
dispensable luxury. Fortunately most 
members have seen the benefits of our 
website forums, quarterly magazine with 
excellent reviews and technical informa-
tion, numerous seminars and not least 
of all the annual JSG meeting.

Since our annual JSG meeting in 
October last year, my own job shop 
has seen a strengthening of turnover 
and profitability and for the first time 
in our 22 year history we made a profit 
in December, the month which has 
the shortest number of trading days. 
During the bad weather in January we 
had problems getting steel supplies to 
the factory and goods to our custom-
ers. Since then we have had a stand 
at the Southern Manufacturing Show 
at Farnborough (10th & 11th February), 
where we made contact with new 
prospects and caught up with the lat-
est gossip from existing customers. 
However, it was still exceptionally cold 

in February and regard-
less of it being in a lux-
ury-heated tent, it was 
still a tent in February 
on an exposed air-
field in coldest Surrey, 
brrrrrrrrrrrrrrrrrr!

I would like to thank 
all the JSG commit-
tee for their support during my term of 
Chairman, to Mike Green our long suf-
fering AILU Secretary for the amazing 
job he does to keep the JSG committee 
meeting minutes and the amount of 
effort he puts into the AILU organisa-
tion. Until I became more involved with 
the JSG I never realised how much hard 
work is done behind the scenes.

We have our next committee meet-
ing on 12th May, at which I hand over 
to the newly elected Chairman, John 
Powell of Laser Expertise.

As John said at the October JSG 
meeting:

“And don't forget - it will all be over by 
my birthday, the 6th of March. The prof-
itability of your firm after this date will 
be directly related to the value of the 
birthday present you send me - beer or 
curry vouchers, cheques and all major 
credit cards accepted”. 

Of course John was referring to the 
recession and hopefully the trials and 
tribulations of the past 2 years really will 
be over now that the date has passed. 
Good luck mate, I’ll bring the committee 
keys with me to the meeting.

Dave Connaway 
E: dc@cirrus-laser.co.uk

Chairman's report
The date for our next 
2-day symposium 
ILAS 2011 is now 
confirmed as 15 & 
16 March and a call 
for abstracts has 
been made. Further 
details can be found 
on the AILU website 
(take the 'events' 
link, then the link provided in the 'other 
events' column). This is going to be 
the premier event for both industry 
and researchers involved in the field of 
laser materials processing in the UK. 
It will be a chance to catch up on all 
the latest developments as well as for 
networking with colleagues. I would 
encourage everybody both to plan to 
attend as well as submit your abstracts 
before the 30 July deadline. 

The Annual General Meeting (AGM) of 
AILU this year is going to be held on 10 
June in the Piazza suites of the NEC, 
Birmingham. This is in association with 
MACH 2010. If you are planning to 
attend the MACH show please come 
along to the AGM. Refreshments will 
be served from 5 pm with the AGM 
starting at 5:15. This will be followed 
by presentation of the AILU Award and 
Young Laser Engineer’s Prize.

I will be stepping down as President 
of AILU at the AGM and I would like to 
say that it has been both a challenge 
and a pleasure in fulfilling this role. 
This two year period has been difficult 
for everybody including AILU and I am 
pleased to say that things now appear 
to be improving once again. I hope 
my successor can now preside over a 
period of growth and expansion. I think 
this is probable for industry but the 
situation is likely to become more chal-
lenging in the research field. It is inevi-
table that there will be substantial cuts 
to publicly provided research funding 
once the next government is elected. 
The good news though is that both 
political parties are making very posi-
tive noises about supporting high value 
manufacturing in the UK. Laser material 
processing clearly can make a major 
contribution to this so hopefully the 
changes will not be to painful for AILU. 

Stewart Williams 
s.williams@cranfield.ac.uk

PRESIDENT'S MESSAGE

This quarter's winner is an excellent 
example of deep laser engraving, a 
technique that is increasingly used in 
the mould tool or die manufacturing 
industry. 

The diameter of the part is 20 mm and 
the time taken to engrave it was 10.5 
hours. It was provided by Andy Toms 
of TLM Laser Ltd, Isle of Wight. TLM 
is the distributor for Alltec and FOBA 
products in the UK and Ireland.

As Andy points out, deep laser engrav-
ing technology can be adapted to 5 
axis use for the generation of complex 
parts. 

Most GORGEOUS PART

The part was deep engraved on a FOBA GP9000 
system using FOBA's LP100 Nd:YAG pump flash 
lamp laser. It was micro sandblasted afterwards.
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On page 22 of this issue you will find a current listing of 
standards for laser use in materials processing, for which 
I would like to provide some background information for 
readers new to the subject.

The use of standards, especially internationally agreed stand-
ards, is supposed to make life easier.  Yet standards are often 
seen as impediments and sadly some are. Readers should also 
be aware that an international standards committee has to sat-
isfy the world-wide variety of cultural interpretations and this 
inevitably leads to complexity of sentence structure.

Background
Today virtually all standards are international, being developed 
by such international organisations as ISO or IEC, or by the 
European organisations CEN and CENELEC.  Those developed 
by CEN and CENELEC arise mainly out of a need to satisfy EU 
legislation, but having a common goal and a common set of 
guidelines promotes international trade and EU standards soon 
pass into the international arena.

For laser users
For laser users the most important documents in the list are 
those under the heading 'Laser user safety guidelines', and in 
particular PD (IEC) TR 60825-14:2004 Safety of laser products 
– A user’s guide.

In addition to user guides, there are the product standards that 
the laser user may wish to consult when making a purchase. 
These include the standards listed under 'Laser product safety' 

and 'Laser safety equipment'.

For laser manufacturers
Manufacturers need to take into account all of the standards 
listedin the article on p22 & 23 and be aware that some coun-
ties (incl. USA, Japan) have additional legal requirements for 
product conformity. For example, the USA contributes signifi-
cantly through the IEC to the drafting of IEC 60825-1, the base 
standard for the safety of laser products, despite American law 
requiring laser product conformity to 21 CFR 1040. 

Standards referred in the article include brief descriptions of 
their scopes to supplement their short titles; these scopes will 
be found in the “reference library” within the Members area of 
the AILU website. Notes are also included in standards to indi-
cate the applications to which they can be applied, together 
with details of current development by members of the relevant 
committees and limitations that seem appropriate. 

Final comments
The various lists of standards in the document reference library 
in the members' area of the AILU website include all the stand-
ards listed in the article on p22 & 23 as well as standards for 
other laser application areas. The lists, together with further 
guidance on standards, can be downloaded as PDFs from the 
members' area.  
Mike Barrett 
E: mikeb@prolaser.co.uk

The above figure is taken from 
Ecological Entomology (2001) 26, pp 
662-663 " Laser marking the carabid 
Pterostichus melanarius for mark-
release-recapture" by Georgianne 
Griffiths et. al. It was supplied by Gary 
Broadhead of Laser Lines. 

To quote from Gary's email: "Did you 
ever run this laser marked beetle pic-
ture? It doesn’t fit either the description 
of a “cock-up” or “gorgeous part” item 
but it's an off the wall application and 
quite amusing." 

Laser marking of beetles

Fig 1. Laser-marked Pterostichus melanarius 
using a three-digit code with a text height 
of 1.5mm. The code is sufficiently distinct to 
be read either with the naked eye or using a 
hand lens. The electron-micrograph shows 
indentation on the surface of the elytron made 
by the marking procedure

Retired laser pioneer 
and AILU Award 
winner Dave Stroud 
supplied this delight-
ful cock-up.

Shortly after the commissioning Rolls- 
Royce's first laser drilling system every-
one was keen to see just what it could 
do. 

I will honestly admit that I was not fully 
aware of the effects of a focused laser 
beam on anything other than the super 
alloys that we were then drilling.

One day a colleague asked me to drill 
a small hole into a piece of fossilised 
wood as his wife wanted to wear it as 
a pendant and that it would be unique 

to have such an old object drilled with 
such a new innovation.

I did explain that I was uncertain as to 
what would happen. His reply was that 
if it can drill super alloys then a bit of 
old fossil should not prove a problem.

Well, those of you that are far more 
educated in these matters than I, know 
exactly what happened. After the event 
I took a dust pan and brush into the 
work chamber and swept up as many 
of the fragments as I could find, placed 
them into a plastic bag with a large 
string loop and told the guy to give that 
to his wife to hang round her neck. I'm 
not to sure to this day how she took it.

As usual when I encountered problems 
such as this I contacted a very good 
mentor named Dr Graham Burrows 
(sadly no longer with us) who after a 
bout of coughing / laughing explained 
the error of my ways.

EDITORIAL

Greatest Cock-up

The use of standards

Anything in laser processing you're not sure about?
If so, try posting a question on the AILU Technical Forum 

and tap into the breadth of experience and  
know-how of the AILU membership
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When cutting or marking with 
lasers, it is tempting to 
think that the beam simply 

removes or oxidises a portion of the 
material in question.  However, the 
effect that a laser beam has on a 
material can be quite complex, some-
times giving rise to unexpected del-
eterious long term effects. By using 
surface chemical analysis and depth 
profiling techniques, it is possible to 
determine the composition changes 
that the beam has caused, both at the 
surface and in regions hidden from 
sight beneath the surface and thereby 
avoid expensive reworking.

The example of surface analysis and 
depth profiling described in this paper 
relates to laser marking. It was carried 
out at Loughborough Surface Analysis 
Ltd for a customer in the aerospace 
industry.  

For many years the customer had been 
manufacturing sensors for aerospace 
applications and marking the stain-
less-steel bodies of their products with 
logo, serial number, etc. using chemical 
and mechanical means.  The customer 
invested in a laser marking tool.  To 
begin with all went well, with highly 
contrasting and adherent laser marks 
being produced on a 316 stainless steel 
product.  However, the laser marking 
of a second product type, made from a 
lower chromium content stainless steel, 
proved to be problematic.  This stainless 
steel surface produced a contrasting 
laser mark, but, when touched, it would 
spall off as shown in figure 1.   

Not only was the effect unsightly, but the 
products were being sold into the aero-
space sector, where items are tracked 
by serial number.  The extent of the 
spalling was such that, for example, an 
“8” could become a “5”, making compo-
nent tracking impossible. The customer 
tried a few in-house remedies, but to 
no avail, and turned to Loughborough 
Surface Analysis (LSA) to try to get a 
better understanding of the material 
cause of the problem. 

To address this spalling problem LSA 
employed the technique known as 
Secondary Ion Mass Spectrometry 
(SIMS). The technique was first used 
to confirm the elements present within 

the surface region: manganese, iron, 
nickel, copper, niobium, molybdenum, 
aluminium, calcium and chromium were 
the chief elements detected.  LSA then 
obtained profiles for these elements into 
the surface of the sample.  The depth 
profile into an area from which the laser 
mark had spalled off is shown in figure 2

Figure 2 shows, for example, the iron 
and nickel traces falling from a slight 
high at the surface (the left hand side of 
the graph) to the bulk level over on the 
right hand side of the profile, whereas 
the chromium and manganese traces 
rise from a slight low at the surface. The 
calcium and aluminium traces fall fairly 
rapidly from the surface, suggesting that 
these elements are present as surface 
contaminants.

The SIMS profile for a failing laser mark 
in an area from which the mark had not 
yet spalled off, shows some striking 
features; see figure 3. For example, the 
chromium signal is higher in the oxide 
layer than in the bulk steel, which now 
shows a depletion in chromium imme-
diately below the oxide layer that con-
stitutes the laser mark. A similar picture 
emerges for the manganese; whereas for 

Case study: a failing laser mark

Mike Petty

Figure 1: This image of the laser-marked “E” 
from a “CE” mark on a stainless steel product 
clearly shows spalling.
The square areas within the dark mark are where 
analysis was carried out.  The irregular areas 
of bright contrast are where the laser mark has 
spalled off.  

Figure 2: SIMS depth profile into a spalled-off area. NB the vertical axis is on a logarithmic scale, each 
step up representing a ten-fold increase in concentration. The data for the surface of the sample is 
shown on the extreme left-hand-side of the graph.  
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nickel the trend is seen to be the oppo-
site way round (i.e. there is a deficiency 
of nickel in the oxide layer, the missing 
nickel being present immediately below 
the laser mark.  It follows that the laser 
marking process had not simply oxidised 
a volume of material at the surface of 
the metal, but has also drawn some 
elements into the oxidised volume and 
pushed away others, resulting in differ-

ent  proportions of metals in the laser 
mark from those in the steel immediately 
below the mark and from those in the 
bulk steel. Comparing the profiles in 
figures 2 and 3 it can be seen that the 
spalling takes place somewhere around 
point A in the profile in Figure 3.

The depth profile in figure 4 was 
obtained from a good laser mark, ie. 

one where there was no sign of spalling.  
At first sight figures 3 and 4 look very 
similar; however the minimum value of 
chromium concentration in the bad sam-
ple is a half to a third lower than that in 
the good sample. (Bear in mind that the 
vertical axes are on a log scale.)  It is 
the chromium content of stainless steel 
that gives it its anti-corrosion properties. 
The stainless steel used in this product 
had a relatively low chromium content 
and in the steel immediately below the 
laser mark the content is depressed still 
further, converting it to something closer 
to mild steel. Furthermore, observation 
of the laser mark at high magnification 
revealed it to be highly fissured, allowing 
the atmosphere access to the base of 
the laser mark. The conclusion is there-
fore that the region immediately below 
the laser mark is susceptible to corro-
sion, weakening the bond between the 
laser mark and the steel.

This solution was the opposite of what 
the customer had, in fact, been try-
ing.  When faced with a laser mark that 
would not adhere, they had turned up 
the power of the laser and increased 
the duration of exposure in an attempt 
to burn an adherent mark in the surface 
of the metal.  The answer was to do the 
opposite, reduce the power of the laser, 
diffusing the elements to a lesser extent 
within the metal, producing a slightly 
lesser contrasting laser mark, but one 
that remained adherent.

Dr Mike Petty is with Loughborough Surface 
Analysis Ltd, PO Box 5016, Loughborough, 
Leicestershire, LE11 3WS

Contact Mike Perry:
E: m.petty@LSALtd.co.uk 

MARKING
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Mike Petty is a founder and 
director of Loughborough 
Surface Analysis Ltd. His early 
career involved the deposition 
and analysis of thin films. Mike 
and two colleagues span the 
business out of Loughborough 
University in 1997.

See Observations p36

Figure 3: SIMS depth profile through a laser mark on a bad sample. (NB the curve for oxygen has been 
omitted from the profile).  

Figure 4: SIMS depth profile through a good laser mark. 

A 1 day AILU tutorial on surface diagnostics for laser materials processes will be held on Thursday 24th June. Mike Petty, 
together with John Sullivan of MSA, will explain the techniques available and offer free analysis of samples.  The event will be 
of particular importance, though not exclusively, to those involved in laser marking
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SAFETY AND PERFORMANCE

Laser product safety
BS EN ISO 11553-1:2008 Safety of machinery - Laser process-

ing machines - Part 1: General safety requirements

BS EN ISO 11553-2:2008 Safety of machinery - Laser process-
ing machines - Part 2 Safety requirements for hand-held 
processing devices

BS EN (IEC) 60825-1:2007 Safety of laser products - Equipment 
classification, requirements

BS EN (IEC) 60825-5:2003 Safety of laser products - 
Manufacturers checklist for IEC 60825-1

PD IEC/TR 60825-13:2006 Safety of laser products - 
Measurements for classification of laser products

Laser safety equipment
EN 207:2009 Personal eye-protection - Filters and eye- 

protectors against laser radiation (laser eye-protectors)

EN 208:2009 Personal eye-protection - Eye-protectors for 
adjustment work on lasers and laser systems (laser adjust-
ment eye-protectors)

EN 12254:1998 + A2:2008 Screens for laser working places - 
Safety requirements and testing

BS EN (IEC) 60825-4:2006 Safety of laser products - Laser guards

Laser user safety guidelines
CLC TR 50448:2005 Guide to levels of competence required in 

laser safety

PD (IEC) TR 60825-14:2004 Safety of laser products - A user’s 
guide

Laser product performance
BS EN ISO 11252:2008 Lasers and laser-related equipment - 

Laser device - Minimum requirements for documentation

BS ISO/TR 11552:1997 Lasers and laser-related equipment - 
Laser materials-processing machines - Performance speci-
fications and benchmarks for cutting of metals

BS EN ISO 15616-1: 2003 Acceptance tests for CO2-laser 
beam machines for high quality welding and cutting - Part 
1: General principles, acceptance conditions

BS EN ISO 15616-2: 2003 Acceptance tests for CO2-laser 
beam machines for high quality welding and cutting - Part 
2: Measurement of static and dynamic accuracy

BS EN ISO 15616-3: 2003 Acceptance tests for CO2-laser 
beam machines for high quality welding and cutting - Part 
3: Calibration of instruments for measurement of gas flow 
and pressure

ISO/TS 17477:2003 Acceptance tests for CO2-laser beam 
machines for welding and cutting using 2D moving optics 
type WITHDRAWN Dec 2008

BS EN ISO 17526:2003 Optics and optical instruments - Lasers 
and laser-related equipment - Lifetime of lasers

BS EN ISO 17662:2005 Welding. Calibration, verification and 
validation of equipment used for welding, including ancil-
lary activities

BS EN ISO 22826:2005 Destructive tests on welds in metal-
lic materials. Hardness testing of narrow joints welded by 
laser and electron beam (Vickers and Knoop tests)

BS EN ISO 22827-1:2005 Acceptance tests for Nd:YAG laser 
beam welding machines. Machines with optical fibre deliv-
ery. Laser assembly

BS EN ISO 22827-2:2005 Acceptance tests for Nd:YAG laser 
beam welding machines. Machines with optical fibre deliv-
ery. Moving mechanism

Laser welding and brazing processes
BS EN 1011-6:2005 Welding - Recommendation for welding of 

metallic materials - Part 6: Laser beam welding

BS EN 1418:1998 Welding personnel. Approval testing of weld-
ing operators for fusion welding and resistance weld set-
ters for fully mechanized and automatic welding of metallic 
materials

BS EN ISO 4063:2009 Welding and allied processes - 
Nomenclature of processes and reference numbers

BS EN ISO 9956-11:1997 Specification and approval of welding 
procedures for metallic materials. Welding procedure spec-
ification for laser beam welding (ISO withdrawn – Jun 2004)

BS EN ISO 13919-1:1997 Welding - Electrons and laser beam 
welded joints - Guidance on quality levels for imperfections 
- Part 1: Steel

BS EN ISO 13919-2:2001 Welding - Electron and laser beam 
welded joints - Guidance on quality levels for imperfections 
- Part 2: Aluminium and its weldable alloys

BS EN 14324:2004 Brazing. Guidance on the application of 
brazed joints

BS EN ISO 15609-4:2009 Specification and qualification of 
welding procedures for metallic materials - Welding proce-
dure specification - Part 4: Laser beam welding

BS EN ISO 15614-11:2002 Specification and qualification of 
welding procedures for metallic materials - Welding proce-
dure test - Part 11: Electron and laser beam welding

BS EN ISO 15614-2:2005 Specification and qualification of 
welding procedures for metallic materials. Welding proce-
dure test. Arc welding of aluminium and its alloys

ISO 17658:2002 Welding - Imperfections in oxyfuel flame cuts, 
laser beam cuts and plasma cuts - Terminology

Laser standards and guidelines for materials processing

Mike Barrett

22
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Laser cutting processes
BS EN ISO 9013: 2002 Thermal cutting - Classification of ther-

mal cuts - Geometrical product specification and quality 
tolerances

BS EN 12584:1999 Imperfections in oxyfuel flame cuts, laser 
beams cuts and plasma cuts – Terminology

Laser marking processes
BS EN 3475-706:2005 Aerospace series. Cables, electrical, 
aircraft use. Test methods. Laser markability

Laser output measurements
BS EN ISO 11145:2008 Optics and photonics - Lasers and 

laser-related equipment - Vocabulary and symbols

BS EN ISO 11146-1:2005 Lasers and laser-related equipment 
- Test methods for laser beam widths, divergence angles 
and beam propagation ratios - Part 1: Stigmatic and simple 
astigmatic beams

BS EN ISO 11146-2:2005 Lasers and laser-related equipment 
- Test methods for laser beam widths, divergence angles 
and beam propagation ratios - Part 2: General astigmatic 
beams

PD ISO/TR 11146-3:2004 Lasers and laser-related equipment. 
Test methods for laser beam widths, divergence angles 
and beam propagation ratios. Intrinsic and geometrical 
laser beam classification, propagation and details of test 
methods

BS EN ISO 11149:1997 Lasers and laser related equipment 
- Fibre optic connectors for non-telecommunication laser 
applications (ISO withdrawn – Sep 2003)

BS EN ISO 13694:2000 Optics and optical instruments - Lasers 
and laser-related equipment - Test methods for laser beam 
power (energy) density distribution

BS EN ISO 13695:2004 Optics and photonics - Lasers and 
laser-related equipment - Test methods for the spectral 
characteristics of lasers

BS EN ISO 12005:2003 Lasers and laser-related equipment - 
Test methods for laser beam parameters - Polarization

BS EN ISO 15367-1:2003 Lasers and laser-related equipment 
- Test methods for determination of the shape of a laser 
beam wavefront - Part 1: Terminology and fundamental 
aspects

BS EN ISO 15367-2:2005 Lasers and laser-related equipment 
- Test methods for determination of the shape of a laser 
beam wavefront - Part 2: Shack-Hartmann sensors

BS EN 61040:1993 Specification for power and energy measur-
ing detectors, instruments and equipment for laser radiation

Laser beam delivery
BS EN ISO 11151-1:2000 Laser and laser-related equipment - 

Standard optical components - Part 1: Components for the 
UV, visible and near-infrared spectral ranges

BS EN ISO 11151-2:2000 Lasers and laser-related equipment - 
Standard optical components - Part 2: Components for the 
infrared spectral range

BS EN ISO 11254-1:2000 Lasers and laser-related equipment - 
Determination of laser-induced damage threshold of optical 
surfaces - Part 1: 1 on 1 test

BS EN ISO 11254-2:2001 Lasers and laser-related equipment - 
Determination of laser-induced damage threshold of optical 
surfaces - Part 2: S-on-1 test

BS EN ISO 11254-3:2006 Lasers and laser-related equipment 
- Determination of laser-induced damage threshold of opti-
cal surfaces Assurance of laser power (energy) handling 
capabilities

BS EN ISO 11551:2003 Optics and optical instruments - Lasers 
and laser-related equipment - Test method for absorptance 
of optical laser components

BS EN ISO 11554:2008 Optics and photonics - Lasers and 
laser-related equipment - Test methods for laser beam 
power, energy and temporal characteristics

BS EN ISO 11670:2003 Lasers and laser-related equipment - 
Test methods for laser beam parameters - Beam positional 
stability

BS EN ISO 11807-1:2005 Integrated optics - Vocabulary - Part 
1: Basic terms and symbols

BS EN ISO 11807-2:2005 Integrated optics - Vocabulary - Part 
2: Terms used in classification

BS EN ISO 13697:2006 Optics and photonics - Lasers and 
laser-related equipment - Test methods for specular reflect-
ance and regular transmittance of optical laser compo-
nents

BS EN ISO 14880-1:2005 Microlens array - Part 1: Vocabulary 
(ISO 14880- 1:2001, including Corrigendum 1:2004)

BS EN ISO 14880-2:2006 Optics and photonics. Microlens 
arrays. Test methods for wavefront aberrations

BS EN ISO 14880-3:2006 Optics and phonotics - Microlens 
arrays - Part 3: Test methods for optical properties other 
than wavefront aberrations

BS EN ISO 14880-4:2006 Optics and photonics - Microlens 
arrays - Part 4: Test methods for geometrical properties

BS EN ISO 14881:2005 Integrated optics - Interfaces - 
Parameters relevant to coupling properties

BS EN ISO 15902:2005 Optics and optical instruments - 
Diffractive optics - Vocabulary

PD ISO TR 22588:2005 Optics and photonics. Laser and laser-
related equipment. Measurement and evaluation of absorp-
tion-induced effects in laser optical components

Additional standards
BS EN 62471:2008  Photobiological safety of lamps and lamp 

systems 

PD IEC/TR 62471-2: 2009 Photobiological safety of lamps and 
lamp systems - Part 2: Guidance on manufacturing require-
ments relating to non-laser optical radiation safety.

Key to prefixes
BS - British Standard IEC - International Electrotechnical 

    Commission
EN - Euro Norm  ISO - International Standards  

    Organisaton
TR - Technical Report

For full details of the scope of these standards see the doc-
ument library in the members area of the AILU website.
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Coronary Artery Disease (CAD), 
is the result of atherosclerosis, 
an age-related cardiovascular 

disorder in which fatty materials such 
as cholesterol builds up in the arterial 
wall. This eventually causes a block-
age of the coronary artery that sup-
plies blood to the heart causing angi-
na or myocardial infarction (commonly 
known as a heart attack). As such, 
CAD is the leading cause of mortality 
in developed nations and accounts for 
over 100,000 deaths annually in the 
UK alone. Alongside medical therapy, 
coronary intervention in the form of a 
coronary stent implant in conjunction 
with balloon angioplasty, has become 
a less invasive and highly effective 
treatment for CAD.     

The processes giving rise to CAD, lead-
ing to a heart attack, are illustrated in 
figure 1. The first line treatment of CAD 
is drug therapy, which has four main 
aims:  to reduce thrombus formation by 
reducing platelet activity; to dilates the 
blood vessel in order to increase blood 
flow; to reduce the risk factors by lower-
ing cholesterol in the blood; and finally, 
to minimise damage to the heart and 
to make it more tolerant to the reduced 
blood supply.

Should the drug therapy be insufficient 
to manage the condition, coronary artery 
bypass grafting (CABG) and percuta-
neous (i.e. through the skin) coronary 
intervention (PCI) are the next choices 
of treatments. CABG is a form of open 
heart surgery in which a segment of 
blood vessel from another part of the 
body is used as a graft to bypass the 
blocked coronary artery and re-route 
the blood flow, thereby restoring oxygen 
supply to the heart. PCI is a catheter-
based treatment that involves a balloon 
angioplasty followed  by coronary stent 
implantation. Because of its less invasive 
nature, PCI is now a preferred choice 
before considering a bypass operation. 

Angioplasty and coronary stents
For PCI, a catheter is inserted into a 
peripheral blood vessel, such as the 

saphenous vein in the groin or the 
radial artery in the arm, whence it trav-
els through the aorta and reaches the 
coronary artery. A diagnostic procedure, 
angiography, is first performed by inject-
ing a special “dye” into the coronary 
artery, enabling the artery to be visual-
ised under x-ray. This allows the doctor 
to assess the severity and position of the 
plaque within the artery. Then a different 
catheter with a deflated balloon mounted 
at its tip is inserted into the site of nar-
rowing. The balloon is inflated to open 
up the narrowed artery. 

The problem with this procedure is that 
when the balloon is later deflated and 
removed the blood vessel tends to recoil 
elastically, causing re-narrowing of the 
artery. It is primarily to overcome this 
problem that a coronary stent is used. 

The coronary stent is a small wire metal 
tube which is usually compressed 
and mounted on the catheter over the 
deflated balloon. Inflation of the balloon 

expands the stent and widens the nar-
row vessel. The balloon is then deflated 
and removed, leaving the stent in place, 
serving as a scaffold to hold open the 
coronary artery. This process is illus-
trated in figure 2. Alternatively, a self 
expanding stent can be used. 

Stent implantation has greatly improved 
the success rate of PCI and is currently 
used in about  94% of balloon angi-
oplasties in the UK. However, as with 
all medical implants, coronary stent-
ing has complications. The two major 
complications are: in-stent restenosis 
(abnormal narrowing of the blood vessel) 
and thrombosis. The former is caused 
by proliferation of vascular smooth mus-
cle cells (VSMCs) triggered by balloon 
injury and local stent stimulation. This 
happens in about 30-40% of the cases 
3-6 months after stent implantation. The 
latter is caused by platelet aggregation 
which is usually the result of  bio-incom-
patibility of the stent surface in its arte-
rial environment.

The coronary stent: current requirements and future needs

Tao Wang

Figure 1: Illustration of the processes leading to a heart attack:  
(a) The inner surface of the arterial wall is covered by a monolayer of endothelial cells (ECs). The vascular 
smooth muscle cells (VSMCs) reside in the middle layer underneath the ECs. 
(b) Atherosclerosis starts from endothelial damage by so-called risk factors. These factors include high blood 
cholesterol, high blood pressure, nicotine from smoking, and diabetes. 
(c) The damaged ECs trigger platelet adhesion/activation, and infiltration of inflammatory cells. 
(d) Factors released from inflammatory cells cause the behavioural changes in the VSMCs, which start to 
migrate towards the inner layer of the arterial and secrete extracellular matrix proteins. 
(e) The extracellular matrix proteins, together with the inflammatory cells and fatty materials, form 
atherosclerotic plaque.
(f) The structure of the atherosclerotic plaque develops into what is termed vulnerable plaque. It has a thin 
fibrous cap and a large and soft pool of cholesterol and other lipids underlying the cap. 
(g) The thin fibrous cap of the vulnerable plaque is particularly prone to produce sudden major rupture, resulting 
in rapid platelet aggregation forming a thrombus which leads to the complete blockage of the coronary artery, a 
myocardial infarction (heart attack). 
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Pros and cons of current coronary stents 
To overcome the problem of resteno-
sis, the drug-eluting stent (DES) was 
invented. The DES has a layer of poly-
mer coated on the metal stent strut serv-
ing as a carrier matrix for storage and 
controlled release of certain drugs that 
inhibit VSMC proliferation. In 2003, the 
American Food and Drug Administration 
(FDA) approved the first DES, the Cypher 
stent (sirolimus coated) made by Cordis, 
a Johnson & Johnson company. Shortly 
after, the Taxus DES (paclitaxel coated) 
made by Boston Scientific was approved 
by FDA.

The DES has revolutionised the treat-
ment of coronary artery disease, in-stent 
stenosis being dramatically reduced from 
30-40% to 3-5%. However, since 2006 
there have been reports that the use 
of the DES can lead to a rare but fatal 
complication, the late stent thrombosis. 
This is most likely caused by local aller-
gic reactions to the polymer coating and 
the reduced endothelialisation  (forma-
tion of a blood vessel lining on the stent) 
caused by non-selective anti-proliferative 
drugs making the stent surface prone to 
platelet aggregation. More biocompatible 
polymers and specific drugs are there-
fore required to tackle the current DES-
related complications. 

The first generation of coronary stents, 
such as the Cypher stent, were made of 
stainless steel. They have good radial 
strength but are less flexible which lim-
ited their deliverability, in particular at 
bifurcations (where the vessel branch 
out into two vessels), small vessels, and 
calcified lesions. The second genera-
tion of stent material is a Nickel-titanium 
alloy (Nitinol) which has excellent flexibil-
ity and radial strength as well as better 
anticorrosion properties. Self-expand-
ing stents, such as the SE stent from 

RADIUS, Boston Scientific, are usually 
made of Nitinol. 

In real clinical practice, the stent needs 
to be easily visualised under X-ray dur-
ing both implantation and follow-up. For 
this reason radiopacity is important in 
choosing stent materials. The new gen-
eration of stents are made from Cobalt-
chromium alloys and have superior radial 
strength, flexibility, anti-corrosion proper-
ties, as well as radiopacity. An example 
is the Medtronic Driver stent. A recent 
development is the use of Platinum-
chromium as a stent material, an exam-
ple being the Taxus Element stent from 
Boston Scientific. It is superior in flexibil-
ity, radial strength and radiopacity, and 
its allergic effect is low.

The properties of the stent surface have 
a major influence on its efficacy in coro-
nary stenting. An ideal stent surface 
favours endothelial cell (EC) coverage 
and prohibits VSMC proliferation. The 
texture of the surface of the bare-metal 
stent plays an important role in modify-
ing cell-surface interactions. Texturing 
favours EC growth whilst extreme 
smoothness makes EC adhesion dif-
ficult. The majority of drugs used on the 
DES inhibit VSMC proliferation by arrest-
ing cell cycles, but this also affects EC 
coverage of the stent. Vascular repair 
after injury involves endothelial progeni-
tor cells (EPCs) recruiting to reform the 
monolayer of ECs that line the inner arte-
rial wall. Recently, an antibody that rec-
ognises and binds to the CD34 protein, 
which is a cell surface marker for EPCs, 
has been coated onto a stent surface 
(the Genous stent) to specifically capture 
EPCs circulating in the blood, allowing 
rapid endothelialisation following stent 
implantation. 

A recent Medline literature search identi-
fied 202 cases of stent fracture, with 
sever consequences in most cases. This 
has highlighted the importance of fatigue 
assessment of stents. Based on the 
average heart rate 72/min, a stent will 
be exposed to over 400-million pulsing 
cycles per year, and is expected to have 
a 10-15 year design life. Displacement 
of the stent after implantation is another 
safety concern. 

Summary and outlook
Coronary stent implantation in con-
junction with balloon angioplasty has 
become the first choice for effec-
tive treatment of CAD should medical 
therapy fail. However, considering the 
complications which associate coronary 

stenting, the ideal coronary stent is still a 
long way from being created.  

Drug coating with the aid of a polymer 
matrix has greatly reduced in-stent res-
tenosis but it has raised new concern 
over polymer allergy and drug specificity. 
Biomimetic polymers, such as phos-
phorylcholine (the major component of 
cell membranes), offer promise for stent 
coating. Biodegradable polymers offer 
another solution to minimising polymer-
induced local inflammatory reactions. 
For example, the Nobori DES (Terumo) is 
coated with biolimus A9 with the help of 
the biodegradable polymer PLA on the 
inside surface of the stent. 

The long-term presence of a coronary 
stent will inevitably affect the constric-
tion and dilation of blood vessels and for 
this reason biodegradable stents made 
from polymer or metal (such as iron or 
magnesium) that dissolve over time have 
been trialled. Modification of the surface 
of bare-metal stents in order to eliminate 
the need of any coatings is a promis-
ing economic approach for improving 
stent biocompatibility. Other promising 
developments include more specific and 
customised stents, such as disease-
specific stents for diabetic patients and 
lesion-specific stents for bifurcations. In 
situ customised stents that are designed 
so that the clinician to choose the ideal 
sized stent at the bedside depending 
on the result of the angiography have 
also been considered. Finally, stents can 
also be used as tools for drug delivery. 
It seems that the biocompatibility of 
coronary stents remains a fertile field for 
novel innovations.

Tao Wang is with the School of Biomedicine, 
Faculty of Medical and Human Sciences, The 
University of Manchester
Contact 
E: tao.wang@manchester.ac.uk. 

Figure 2: The process of coronary stent insertion

See Observations p36
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High-resolution Optical Position 
Encoders (OPE) are used for 
measuring and recording dis-

placements of moving parts, for auto-
matic positioning in machine tools 
and for the correction of errors in the 
relative motion of machine tool parts 
[1]. Providing high-accuracy position 
feedback makes them an essential 
device for manufacturing assembly 
systems such as high quality printing 
and state of the art remotely control-
led medical robots.

An OPE has two main components: a 
scale and a read-head. As illustrated in 
figure 1 the read-head comprises a light 
source, a detector array and two dif-
fraction gratings that must be aligned to 
the same precision as the marks on the 
scale grating used in reflection.

The specific detection method of the 
OPE in question exploits a diffractive 
technique. The first transmissive grating 
is to project a free space pattern on to 
the scale grating, The incident periodic 
light pattern is then reflected in the form 
of interference fringes onto the analyser 
grating. This last grating has a slightly 
different pitch to the first index grating 
and generates a Moiré pattern which 
is projected onto the photo-detectors. 
Optimal detection require the cancel-
lation of the 0th diffractive order of the 
reflective metal scale and requires that 

its grooves are one quarter of a 
wavelength deep, ie ~200 ± 10 
nm when used with a near-infra-
red light source (800 nm wave-
length). The required width of the 
grooves is 4 µm.

Two main processes currently 
used in industry for the fabrication 
of reflective scale gratings are: (i) 
a lithography technique; and (ii) a 
mechanical embossing method. 
The former is difficult to alter and 
too expensive for most applica-
tions; the latter lacks the resolu-
tion to produce grooves of the 
required 4 µm width. The laser-
based technique offers a commercially 
viable single-step sinusoidal reflective 
scale grating for OPEs that is well suited 
to the tough environments of new appli-
cation areas.

Single-step laser surface profiling 
For optimum 1st order reflectivity the 
diffraction grating must have a sinusoi-
dal profile [3,4]. This was achieved by 
exploiting thermally generated surface 
distortions to shape the metal surface in 
a single step, by using a laser as illus-
trated in figure 2. 

In this process the material is melted 
rather than ablated, but sufficient 
vapour pressure is generated to cause 
local molten material to flow outward 
from the line focus. If this is repeated 
for closely-spaced lines with careful 
selection of the (material-dependent) 
laser parameters, then a sinusoidal pro-
file can be generated. 

The molten metal flow mechanism is 
a form of thermocapillary flow caused 
by changes in surface tension (σ) and 
convection fluxes driven by the rate of 
change of surface tension with tem-
perature (dσ/dT) in the molten material 
(i.e. the Marangoni effect) [5, 6]. If, as in 
the case of stainless steel, dσ/dT < 0, 
the convective fluxes project the melt 

towards the edges of the laser-irradiated 
area, an effect that is amplified by the 
recoil vapour pressure created by the 
ablation of material by the high power 
pulsed laser beam. 

For this work a high average power and 
high repetition rate pulsed JDSU Nd:
YAG q switched laser was used. The UV 
laser output at 355 nm was used for bet-
ter absorption in metal and higher reso-
lution. A 25 mm focal length cylindrical 
lens produced a line focus 4 µm × 3 mm 
at the metal surface. 

Processing was carried out on steel in 
air at room temperature, and localised 
surface melting (steel melt temperature 
~ 1643 K). For machining held under 
different atmospheres in which alloying 
between gases and substrates occur, it is 
possible that dσ/dT > 0, resulting in melt 
flow in the opposite direction and the 
creation of a local hump [5-8].

Results
1: Martensitic spring steel 
The results below were achieved on an 
8 mm wide, 0.203 mm thick piece of 
semi-rigid spring steel piece, tested in its 
as-received condition. It had a high qual-
ity rolled surface with irregular longitudi-
nal features along its pulling and rolling 
axis. The surface had been lightly oiled 
to avoid corrosion.

Laser-based machining of fine feature scales for high 
precision optical position encoders

Stéphanie Giet, Charalampos Michakis, Jonathan Parry, Matthew Kidd, Alexander Ellin, 
Jonathan Shephard, Nick Weston, Duncan Hand
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Figure 2: Surface profiling of a stainless steel spar by laser 
micro-machining: (a) the laser pulse locally melts the surface; 
(b) grooves are formed as a result of melt flow; (c) as adjacent 
grooves are produced closer together the melt flows combine;  
(d) a regular sinusoidal pattern can be created [2].

Figure 1: Schematic of an Optical Position 
Encoder (OPE).
The scale is a sinusoidal grating written on metal 
and is used in reflection. The other two gratings 
are used in transmission in conjunction with the 
scale to create an interference pattern that is 
then detected by a light sensitive sensor.

Groove  
formation

Line focused 
laser pulse

a b

c

d
Stainless steel
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Initial results are shown in figure 3. Two 
~60 ns-long pulses, no more than 10 ms 
apart, were used to create each line of 
the 4µm-pitch grating. In this case the 
material from the grooves overflowed 
into the region where the subsequent 
line was created, as confirmed by the 
AFM image (see in particular the last line 
created on the right hand side of figure 
4b). By fine tuning the line pitch value, 
a suitable 4 µm-pitch sinusoidal profile 
was produced as shown is figure 4. 

2: Cold rolled austenitic-ferritic precision 
stainless steel strip
The sample used was a thicker and 
more rigid spar than in (1) and was suc-
cessively polished and electropolished in 
order to suppress the surface irregulari-
ties inherent to its fabrication. Results 
are shown in Figure 5.

15 pulses/line were required in order to 
achieve adequate 400nm deep mark-

ings. AFM inspection revealed that the 
surface grain of the substrate had been 
altered and made more visible by the 
polishing process. Though this had no 
discernable effect on the creation of the 
grating, tests will be needed to affirm 
that surface grain does not affect the 
performance of the OPE read-head. 

3: Multilayered metallic substrate 
The sample used here was a flexible 
6 mm wide strip composed of a 150 
µm thick spring steel substrate (see 
material 1) coated by layers of copper 
and nickel with a final top layer of gold. 
The gold layer was thinner than the 
desired (400 nm) feature depth.  This 
sample benefits from having a top gold 
layer which has a relatively low melting 
temperature (~ 1338 K), a high optical 
absorption (~65%) at 355 nm and a high 
thermal conductivity and diffusivity. The 
strip also has the advantage of being 
naturally flat and polished to a fine finish. 

The results are shown in figure 6. The 
AFM image shows the overall profile to 
be sinusoidal as expected. The groove 
depth is ~ 615 nm, implying that the 
laser beam had reached through to the 
nickel layer. It is likely that the general 
shape results from the melting and alloy-
ing of the gold and nickel. The small 
irregularities might result from the une-
ven mix of the two materials.

Conclusions
We have developed an innovative laser-
based direct write process for encoder 
scale fabrication at commercially-viable 
rates. The results show that it is possible 
to reliably generate 4 µm-pitch gratings 
with features of height 415 nm or 615 
nm. This process has the potential to 
manufacture sinusoidal reflective scales 
with the characteristics (4 µm width and 
~200 ± 10 nm depth) and high produc-
tion rates required.
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Figure 3: Preliminary results for creating a 4µm 
pitch grating spring steel tape. Laser conditions 
2 pulses/line, and 100 Hz repetition rate:
(a) Optical microscope image of grating;  
(b) Atomic Force Microscope (AFM) surface 
topography image.
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Figure 4: Optimised results for creating a grating 
on spring steel tape. Laser conditions 2 pulses/
line, and 100 Hz repetition rate: (a) 4 µm pitch 
grating; (b) AFM image, 5 µm pitch.
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Figure 5: 5 µm-pitch grating machined on 
electro-polished rigid stainless steel spar with 
15 pulses

Figure 6: 4 µm-pitch grating machined on a 
multilayered metallic substrate with gold top 
layer.  The groove width was also 4 µm.
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The enormous growth of the 
photovoltaic solar cell industry 
in recent years has led to an 

increasing demand for flexible and 
efficient production technologies. 
Laser edge isolation is currently the 
only standard laser manufacturing 
process for mono- and multicrystal-
line solar cells but there at many more 
laser processes under development. 
These processes have the potential to 
meet market and production-driven 
demands for new solar cell designs 
that offer higher efficiency and manu-
facturing productivity.

One of these processes is related to the 
interconnection of solar cells to solar 
modules. Currently single solar cells with 
dimensions of up to 156x156 mm² are 
electrically and mechanically intercon-
nected by tin-plated copper ribbons to 
large modules. Due to the decreasing 
thickness of silicon solar cells below 
200 µm contactless joining processes for 
module production are required to avoid 
increased scrap by breakage. 

Figure 1 shows the schematic cross-
section view of a solar module. The 
tinned copper ribbons are soldered on 
the front side (“Sunnyside”) of one cell 
and on the backside of the adjacent cell, 
the cells being 2 - 5 mm apart.  They 
have to be joined with a screen-printed 
metalisation (usually Ag or Ag/ Al) 

referred to as the busbar. The solar cells 
are connected in series by joining the 
positive terminal of one cell to the nega-
tive terminal of the next (figure 2). A con-
tactless joining method is used, usually 
hot air or IR lamp soldering system. After 
soldering of up to 10 cells in a row this 
so-called string is placed on a lamination 
and a backside foil. In a second joining 
process, called "bussing", a cross-con-
nector must soldered to the copper 
ribbons without causing damaging the 
lamination foil. The connected strings 
are covered by a second lamination foil 
and the glass substrate (Figure 1). 

Subsequently, the lamination foil, typical-
ly ethylene vinyl acetate (EVA), is made 
molten and the cell matrix becomes lam-
inated. A glass substrate on top of the 
module protects the solar cells against 
environmental damage. 

Beside meeting requirements for mini-
mum breakage rate and energy input, 
the joint production processes for silicon 
solar cells must satisfy:

• Production rate > 1200 cells/ hour 
(i.e. process duration < 3 s per cell)

• Tensile strength: peel force > 3 N 
• Visual aspect after peeling: joint has 

to fail in metalisation
• Contact resistance comparable to 

conventional soldering methods 
• Preferably abandonment of fluxes
• Possibility of process control 

For the development of laser joining 
processes described below commer-
cial available solar cells from a number 
of different cell suppliers were used. 
The tinned copper ribbon was a Luvata 
Sunwire. The copper ribbon was 2 
mm wide and 0.1 mm thick. The plating 
was a hot dipped Sn96.5Ag3Cu0.5 solder 
alloy, 15 - 30 µm thick. Kester 961E, a 
no-clean, non-corrosive, halogen and 
rosin-free flux with a solid content < 
3.1% was used as the fluxing agent for 
laser soldering. 

Laser beam soldering
During the soldering process a liquid 
phase is created by melting a solder 
alloy or by diffusion processes within the 
intermediate layer. The joining process 

is based on reactions between the join-
ing partners and the molten solder, so 
a direct, oxide- and contamination-free 
contact between the metal surfaces of 
the joining partners and the solder alloy 
is one of the most important process 
requirements. In this, the fluxing agent 
has three functions:

• Physical: Remove oxides, soldering 
reaction products and other con-
tamination off the surface to provide 
direct contact between solder alloy 
and substrate.

• Chemical: Remove tarnish on the 
surfaces and protect them from re-
oxidation during soldering.

• Thermal: Enhance of heat flow 
between heat source and solder.

Due to the temporal and spatial selective 
energy input combined with the contact-
less operation laser beam soldering is an 
attractive alternative to conventional sol-
dering processes. In [1] the electrical and 
mechanical stability of lamp-pumped 
pulsed Nd:YAG-laser soldering of elec-

Laser joining for photovoltaic module production
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Figure 1: Schematic cross-section view of a solar 
module 

Lamination foil 
(EVA) Solar cell

Glass

Copper  
ribbon

Back side foil

Figure 2: Schematic setup of solar strings

Grid linesSolar cell

Screen-printed 
contact (busbar)
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a

Figure 3: Clamping for laser soldering by:  
(a) mechanical downholders; and  
(b) pressurized air

b
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trical connectors between solar cells 
compared well with conventional solder-
ing processes. However, a diode laser 
is more cost effective and has a con-
tinuous laser power output and results 
in [2] for soldering a copper ribbon to 
a screen-printed busbar were that the 
mechanical and electrical characteristics 
were comparable to conventional sol-
dering techniques. In this work a 250 W 
808/980 nm wavelength CW diode laser 
system (LDF 600-250) was used. 

Clamping considerations
Two different joining geometries were 
used. For a point contact between cop-
per ribbon and busbar the laser beam 
was focused using a fixed optic with a 
focal length of 50 mm, producing a focal 
spot of diameter 0.8 mm. For flexible 
line-shaped geometries a galvonometer 
scanner a telecentric lens (focal length 
80 mm) is used, producing focal spot 
of diameter 1.2 mm. Clamping during 
soldering was found essential to ensure 
sufficient heat dissipation and prevent 
the copper ribbon from overheated. This 
was particularly true over the large work-
ing field of the scanner system (figure 
3a). Special attention has to be paid on 
the design of the downholder to avoid 
overheating and lift-off of the copper rib-
bon. An alternative is a contactless sys-
tem (figure 3b) using pressurized air at 
about 0.5 bar. The use of pressurized air 
introduced additional costs and higher 
laser output powers were required to 
overcome to heightened cooling of the 
copper ribbon.  

Lead-free solder
Restrictions in the use of certain haz-
ardous substances in electrical and 
electronic equipment (RoHS) limits the 
use of lead for consumer products [3], 
and although these do not apply in this 
case (because there is no direct con-
tact for the end user to the solar cell) a 
green production technology requires 

that lead-containing solder alloys not be 
used. The eutectic Sn63Pb37 was there-
fore out of question despite its good 
soldering characteristics (good wetting, 
low melting point (183 °C) and high reli-
ability), but two alternatives showed 
promise: (i) solder type Sn96.5Ag3Cu0.5, 
which has comparable characteristics 
except for a high melting point (221 °C); 
(ii) bismuth-containing Bi58Sn42 with a 
melting point of 138 °C [4]. 

The heating cycle used for soldering 
is shown in figure 4. It has to perform 
the process surface activation, melting 
of the solder alloy, wetting of the sur-
faces, spreading and filling of the gap. 
The heating cycle involves a number 
of important stages: (i) the first heating 
phase incorporating initial heating and 
dwell time for achieving a uniform tem-
perature; (ii) the second heating phase 
up to the soldering temperature (above 
the melting point of the solder alloy) and 
the dwell time; (iii) the cooling phase. 
In a first step both joining partners are 
heated up, so that wetting behaviour is 
optimized and the fluxing agent is acti-
vated. The temperature level of this first 
step is set below the melting tempera-
ture of the solder alloy. In the second 
step, the laser power is increased, so 
that melting temperature of the solder 
alloy is reached. The soldering tempera-
ture should be such that the solder alloy 
is certain to melt, but at the same time 
the solder alloy should not be overheat-
ed so that it degrades through the loss 
of constituents. The peak temperature is 
normally set to about 20 - 30 °C above 
the melting point. The minimum time 
that the joint geometry is held at this 
temperature must be sufficient to ensure 
that the solder alloy has melted over the 
entire area of the joint. Extended holding 
times can result in excessive spread-
ing of the molten solder alloy, oxidation 
and deterioration of the properties of 
the parent materials. The cooling stage 
of the cycle is not controlled by the 
operator but by the thermal mass of the 
joint geometry. For laser processing it is 
very fast because of the instantaneous 
switch-off of the laser power, resulting in 
a fine-grained microstructure of the joint.

With pyrometers developed for soldering 
applications and integrated coaxially into 
the optics system this two-stage profile 
can be monitored online with respect to 
the resulting temperature. Furthermore, 
the whole process can be controlled by 
setting the laser power according to the 
measured temperature. 

The analysis of the laser soldered solar 
cells by metallographic cross-sections 
of the solder joints show no damages to 
the silicon wafer and no cracks beneath 
the contact. For Sn96.5Ag3Cu0.5-plated 
copper ribbons (figure 5a) a laser power 
of 140 W was applied and the soldering 
time was set to 2 s. The soldered area 
has dimensions of about 2 x 2 mm² with 
the solder layer about 15 µm thick. 

Using Bi58Sn42 solder paste, its lower 
melting point meant that the applied 
laser power could be reduced to 110 W. 
The thickness of the interconnection was 
115 µm (see figure 5b). In addition to the 
advantage of a lower laser power, the 
stickiness of the solder paste meant that 
no clamping was needed. The solder 
paste also provided sufficient heat trans-
fer between the heated copper ribbon 
and the solar cell.

Comparison with conventional soldering
The laser soldered joint 
was faster to make and 
the energy input was 
lower than for a con-
ventional solder joint 
yet the force required 
to peel the soldered 
copper ribbon from the 
solar cell for each was 
comparable. 

In figure 6 two busbars 
are shown after peeling 
off the copper ribbon. The metalisation 
remains on the silicon after laser sol-
dering (figure 6b), with no evidence of 
crystal damage. This is not a fault of the 
soldering process but reflects the high 
joint strength. By contrast, the peeling 
of the electrodes after conventional sol-
dering (figure 6a) reveals crystal defects 
and partial removal of the silicon met-
alisation.   
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Figure 4: Temperature profile for the soldering 
process [5]

Figure 5: 
Cross section 
of solder 
joints: (a) 
Sn96.5Ag3Cu0.5 
-plated 
copper ribbon 
and  
(b) soldering 
with Bi58Sn42

a

b

Figure 6: Busbars 
anfter peeling off 
copper ribbon: 
(a) conventional 
soldering; (b) laser 
soldering.

a

b

2 mm

Copper ribbon
Sn96.5Ag3Cu0.5 solder plating
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Soldering copper ribbon to the busbar 
Another process of interest is the joining 
of the copper ribbon to the cross con-
nector after manufacturing the solar cell 
string. If is crucial that the EVA foil is not 
damaged suring this process. The cross 
connector has a width of 5 mm and a 
thickness of 180 µm. First tests showed 
that this joint can be made by laser 
beam soldering, as shown in figure 7. 

The laser joint was made using 
Sn96.5Ag3.5 solder alloy and laser power 
of 140 W applied for 500 ms, The cross 
section of the joint shows a perfect 
meniscus indicating a good wetting of 
both joining partners (figure 7b). The EVA 
foil was slightly melted during the proc-
ess and weakly adhered to the cross 
connector. A clamping force was applied 
mechanically but pressurized air could 
have achieved the same result. 

For laser soldering in production three 
different setups are possible: low-power 
direct diode lasers, high-power diode 
lasers with complex beam shaping 
and high-power diode lasers with high 
dynamic scanning systems with work-
ing fields up to 160 x 160 mm². In addi-
tion to a high beam quality, a reliable 
production technology based on this 
third option requires intelligent process 
control systems and algorithms for fast 
scanning processes, which have yet to 
be developed.

Laser beam micro welding
Laser beam micro welding of solar cells 
with a lamp-pumped Nd:YAG laser 
has been investigated [6], but the joint 
strength of on screen-printed metalisa-
tion, as revealed by a peel force of 2 N, 
was below required specifications. This 
result can be attributed to the porosity 
of the metallization, a metal and glass-
frit mixture burned at some hundred 
degrees. 

However, welding on vapour deposited 
aluminium and silver busbars (15 µm and 
3 µm thick, respectively) generated repeat-
able results with peel forces above 4 N. 

Current investigations of laser welding 
for solar cells have been performed with 
both conventional lamp-pumped Nd:YAG 
lasers and diode-pumped fibre lasers. 
The latter produced the best results in 
terms of minimum damage of crystalline 
silicon and maximum peel force. 

The output of the SPI Photonics SPI 
200c was deflected and focused with 
a galvanometer scanner and a 80 mm 
a focal length telecentric lens, produc-
ing a spot size of 25 µm. The results are 
shown in figure 8. The cross-section of 
a welded joint in (a) reveals no discern-
able damage to the crystalline silicon 
and peel forces reach values up to 5 N, 
exceeding the specifications of a con-
ventional solder interconnection joint. 
After peeling off the copper ribbon, part 
of it remained on the silver based metali-
sation as shown in (b). 

During laser beam micro welding a low 
clamping force was required to maintain 
the gap between copper ribbon and 
metalisation below 10 µm. 

Conclusion
A comparison between the laser solder-
ing and welding processes described 
above are given in Table 1. Currently, 
only ring-shaped geometries and sin-
gle points have been investigated for 
welding. One of the biggest differences 
between welding and soldering is the 
required energy and duration, up to ten 
times longer for soldering. Another big 
difference is the joining temperature, 
which for welding must exceed the melt-
ing point of copper. 

Laser join-
ing process

Soldering Welding

Beam source Diode laser Fibre laser

Output 
power

< 300 W < 200 W

Spot diam-
eter

1- 1.5 mm < 0.05 mm

Joining 
Geometry

Point/ seg-
ment/ line

Point

Process 
duration per 
point

> 300 ms < 50 ms

Joining 
Temp.

< 250 °C > 1085 °C

Energy input 
per point

75 J (250W, 
300ms)

7.5 J (150W, 
50 ms)

Process 
control

Pyrometric Back  
reflection

Table 1: Comparison of laser beam soldering and 
welding

Advantages and disadvantages of both 
processes are displayed in Table 2. 
Because soldering is used in manufac-
turing of solar modules it is an estab-
lished process and just the nature of the 
energy input is changed to a laser beam. 

Welding is a completely new technique 
in solar module manufacturing and 
although there is currently no experi-
ence of its use in this application it is an 
interesting technology with respect to 
future developments. Attractions include 
a x10 reduction in processing time and 
the elimination of flux (though corrosive, 
there is to date no evidence of it having 
a negative impact). 

Laser 
joining 
process

Advantage Disadvantage

Soldering Established 
process

Need for  
fluxing agents

Joining  
temperature

Energy input

Process con-
trol by  
pyrometry

Process  
duration

Air pressure 
clamping 
device

Welding Process  
duration

High joining 
temperature

No fluxing 
agent

Process 
monitoring 

Low energy 
input

Not an 
established 
process

Table 2: Comparison of laser beam soldering and 
welding

Figure 7  
Laser 
soldered 
joint between 
cross 
connector 
and copper 
ribbon:

(a) top-view
 
(b) cross 
section view 
of the joint.

a

b

Figure 8  
Laser beam 
welded joint:

(a) Cross 
section of 
joint

(b) SEM 
micrograph of 
busbar after 
peel test

a

b
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Due to the high melting temperature of 
the copper ribbon, thermal manage-
ment to avoid overheating damaging the 
crystalline silicon presents a challenge. 
Feasibility has been demonstrated, see 
figure 9, but reproducibility has not yet 
been achieved in our work.

Laser beam soldering remains a suitable 
technique for the electrical contacting 
of solar cells due to the low and locally 
restricted energy input involved. By 
selecting suitable solders, the joining 
temperature can be reduced to a mini-
mum, and the non-contact nature of the 
laser process means that the solar cells 
are not subjected to mechanical stress, 

which they during conventional solder-
ing using bow-type electrodes. By the 
use of a high power diode laser system 
in combination with a highly dynamic 
galvanometer scanner and an integrated 
pyrometer-based control system a reli-
able soldering process can be demon-
strated. 

Outlook
Laser processes provide many advan-
tages for the manufacturing of solar 
cells in certain processing steps. This 
holds for the processing of the silicon 
cells as well as for the interconnection 
of the single cells to complete modules. 
Especially laser soldering and further-
more laser welding provide low energy 
solutions for high speed packaging with 
high yield and high quality. With new 
laser sources and integrated process 
control systems an optimized thermal 
management of the interconnection 
process could be provided, which will be 
necessary for future thinner solar cells.
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Technical aspects of welding X70 
pipe steel with high power fibre 

laser-GMA-hybrid welding
Stefan Grünenwald 

I must preface my comments by point-
ing out that I would have liked more time 
to address the hybrid welding properly. 
The article article is good and confirms 
results from other work, such as Hyblas 
(a previous EU Hybrid welding project) 
and demonstrates the potential of Laser/
MAG hybrid for industrial applications. 
In my opinion, two areas now need to 
be addressed in more detail. Firstly, 
proof of the consistency and reliability 
of the process, by running welds over 
a period of time and using slightly mis-
aligned preps. Full radiographic and US 
analysis of the welds would be required. 
Imperfections such as that shown in 
Figure 2b would be identified throughout 
the weld. This would give more confi-
dence that the process could deliver 
ongoing quality in manufacturing proc-
ess route.
Secondly, application specific demon-

strations are needed. This is alluded to 
in the article, in the second paragraph 
under 'Testing'. In particular, the effect 
of 'pre-heating before welding' needs to 
be understood. If UK industry is to adopt 
this technology we need to understand 
and address the concerns.
Alan Thompson  Corus R, D&T

This very interesting, concisely written 
paper raises a lot of questions. Of note, 
and perhaps surprise to the uninitiated, 
was that the root face thicknesses that 
could be penetrated consistently in 
close fitting joints was rather modest, 
at around 6 mm. This limit is presum-
ably because the laser is being used 
in combination with an arc, otherwise 
plume/plasma control techniques might 
be used to stabilise the laser welding 
keyhole, enabling the welding of thicker 
materials, as opposed to problems 
with weld metal drop-out. It was also 
interesting to note that a root gap was 
used to achieve (more) consistent pen-
etration when welding the 8 mm thick-
ness root faces, results in both cases 

that are in line with TWI's experience. 
Unfortunately, it is questionable whether 
having to set and maintain a root gap is 
a practice that all industrial end-users 
would be prepared to adopt. 
Mention was made to the unsuitability of 
the hybrid process for fill passes to date, 
and more details on the author's own 
efforts in this respect would have been 
welcomed. Looking at the work, it was 
questionable whether the extent of the 
differences between using a solid wire 
and a metal cored wire had been fully 
explored, in particular differences in weld 
asymmetry, and variations in proper-
ties through thickness. The ever-present 
problem of weld zone hardness being 
outside of the requirements of some 
end-users was highlighted by the prop-
erty information that was given. 
The author's findings reinforce the need 
for further research into the effects of 
pre- and post-heating, and perhaps even 
pipe steel composition control, if hybrid 
welds are to be considered seriously by 
the pipeline industry.
Chris Allen  TWI

Observations on articles (continued from p36)
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Current socioeconomic pres-
sures are driving the demand 
for weight savings in the com-

mercial aerospace industry. This is 
necessitating the incorporation of 
high specific strength materials; such 
as titanium alloys and carbon fibre 
reinforced plastic (CFRP) composites, 
into primary airframe structures [1]. 
Current manufacturing techniques 
are machining intensive, and finished 
components may have uneconomi-
cal buy-to-fly ratios compared with 
structural steels and aluminium alloys. 
The production of near-net-shape tita-
nium components with a high integrity 
welding process has the potential to 
significantly reduce overall compo-
nent cost; and keyhole laser welding, 
with its inherent flexibility and capabil-
ity to produce deep penetration welds 
with a relatively low heat input, is a 
viable option for this manufacturing 
requirement. 

A problem for keyhole welding is the for-
mation of porosity in the weld metal [2], 
something that is of particular concern 
in fatigue-sensitive aerospace applica-
tions, since the pores can act as sites 
of increased stress concentration and 
reduce the fatigue resistance of the 
welded component [3]. In this paper we 
describe current progress in the use of 
a directed jet of inert gas aimed in the 
vicinity of the laser-material interaction 
point to reduce weld porosity [4]. 

A schematic of the set up of laser and 
directed gas jet is shown in figure 1 and  

details of the laser and gas jet can be 
found in the highlighted box opposite. 

The laser beam was used to make bead-
on-plate (BOP) melt runs in Ti-2.5Cu, 
and butt welds in both Ti-2.5Cu and 
Ti-6Al-4V (both alloys are utilised in the 
airframe industry). Pre-screening trials 
were performed to determine a suit-
able method of edge preparation. To 
prevent oxidation of the weld metal, the 
weld face and root were shielded with 
a supply of argon supplied through a 
trailing shield and a copper efflux chan-
nel, respectively. After determination of 
a suitable combination of laser power, 
welding speed and focus position for 
producing full penetration welds with an 
acceptable root width a statistical study 
was performed to optimise the directed 
gas jet parameters. 

Optimised Weld Quality
Figure 2 shows results for fully penetrat-
ing butt welds in 3.25 mm thickness 
Ti-2.5Cu and Ti-6Al-4V produced under 
optimised conditions. For compari-
son, butt welds were also made under 
the same conditions without using a 
directed gas jet. The figure shows that 
the weld metal porosity was reduced by 
the directed gas jet in both the BOP melt 
runs and the butt welds. Furthermore, 
the maximum pore diameter of 0.4 mm 
was reduced to 0.1 mm by using an 
optimised directed gas jet. 

Figure 3 shows cross-sections of butt 
welds made with/without a directed 
gas jet. Undercut at the weld face was 
eliminated and only a small amount of 
discontinuous root under-
cut (maximum measured 
defect depth was 0.06 mm) 
were present in the butt 
welds made with a directed 
gas jet. The weld qualities 
reported here are within 
those stipulated in AWS 
D17.1:2001 ‘Specification 
for Fusion Welding for 
Aerospace Applications’, 
and also more stringent 
internal aeroengine weld 
quality criteria.

Process Observations
Images from high-speed observations 
of BOP melt runs made in Ti-2.5Cu with 
and without the directed gas jet are 
shown in Figure 4. Without the jet the 
keyhole frequently collapses and much 
spatter is ejected from the front of the 
keyhole. This is most likely a result of 
the keyhole momentarily being covered 
over by molten metal, vapour pressure 
in the keyhole then leading to the ejec-
tion of this overlying molten material. 
Conversely, when welding with the gas 

Figure 1: Directed gas jet parameters . The 
‘impingement distance x-axis’ is out of the plane 
of the paper.

Porosity control in Nd:YAG welding of titanium alloys

Jonathan Blackburn, Chris Allen, Paul Hilton and Lin Li
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Figure 2: Weld metal porosity in Ti-2.5Cu BOP melt runs and butt 
welds, and Ti-6Al-4V butt welds.

Experimental details

Source and delivery
Laser: Trumpf HL4006D  

 Nd:YAG rod laser 
BPP: 23 mm mrad 
Optics: focal spot ∅ 0.6 mm

Gas
Shield gas argon, purity level > 99.998% 

Parameter Range 
Investigated

Gas type argon, helium

Measured gas flow 
rate

5-26 l/min

Jet angle off plate 
surface

30-55°

Impingement  
distance y-axis

0-3 mm

Impingement dis-
tance x-axis

-0.5 – 0.5 mm

Internal diameter of 
gas pipe

1.4, 2.0, 4.0 mm

Table 1: Directed gas jet parameters
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jet the keyhole is markedly more qui-
escent and constant in size, and the 
keyhole does not collapse as frequently.  
As a result, no spatter is observed at 
the weld face, either in the high-speed 
video or on the resulting welds. In addi-
tion to considerations of spatter, a more 
stable keyhole process will reduce the 
tendency of the process itself to gener-
ate pores, from collapses of the key-
hole. When using the gas jet the weld 
pool is narrower (~0.9 mm) immediately 
behind where the laser beam impinges 
on the material surface, and is also 
longer (~10 mm with the gas jet and 
~8 mm without). After a short time delay, 
presumably related to the low thermal 
conductivity of titanium, the pool then 
increases to a width similar to that of the 
pool formed without using the jet. Weld 
pool lengthening prolongs solidification 
time, which would allow more time for 
gas bubbles in the weld pool to escape 
prior to weld pool solidification of the 
molten metal.

A typical optical emission spectrum 
recorded when Nd:YAG laser welding of 

Ti-2.5Cu is shown in Figure 5. From the 
relative intensity of five Ti atomic lines 
a temperature of ~3100K was calculat-
ed for the vapour plume emitted from 
the laser keyhole. At this temperature 
there should be a negligible amount 
of ionisation of the vapour plume and 
therefore any plasma attenuation of 
the laser beam would be insignificant. 
Analysis of the condensed vapour 
plume (Figure 5) has shown that it 
comprises titanium particles 30-60 nm 
in diameter. The amount of Mie scat-
tering of the Nd:YAG laser radiation as 
it passes through the titanium particles 
in the vapour plume is estimated to 
be less than would be absorbed. It is 
thought that the directed gas jet greatly 
reduces the absorption of the laser 
beam by the vapour plume, helping to 
maintain a constant power density at 
the workpiece and thereby stabilising 
the keyhole. In Figure 4 It can be seen 
from the black 'tram-lines' either side 
of the BOP melt run produced with a 
directed gas jet, that the vapour plume 
is deposited on the workpiece rather 
than allowed to attenuate the incident 
laser beam. However, further work is 
still required to clarify the interaction 
between the directed gas jet and the 
molten metal around the keyhole.

Conclusion
The reliable prevention of weld defects, 
such as porosity and undercut, is critical 
if the laser is to be considered as a tool 
for the mass manufacture of fatigue-sen-
sitive aerospace components. 

The use of a directed jet has been 
shown to result in levels of weld metal 
porosity acceptable against differ-
ent welding standards (such as AWS 
D17.1:2001 or internal aerospace stand-
ards), with a high degree of confidence. 
The optimum parameters can be used 
as a starting point when optimising the 
process for thicker section titanium 
alloys [4].
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Figure 4: High speed images of Nd:YAG laser welding of Ti-2.5Cu 
without (above) and with (below) a directed gas jet. The keyhole is 
visible on the left hand side of both images.
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Figure 3: (a) Butt welds made in 3.25 mm 
thickness Ti-2.5Cu; (b) Butt welds made in 
3.25 mm thickness Ti-6Al-4V. In both cases the 
left figure is without and right with the directed 
argon jet.
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Argon directed jet: 
               OFF                                  ON 
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Argon jet: 
OFF  

Argon jet: 
ON 

Figure 5: (above) Emission spectrum of the vapour 
plume during Nd:YAG laser welding of Ti-2.5Cu; 
(below) Field Emission Gun Scanning Electron 
Micrograph of Ti-2.5Cu vapour plume.
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The use of laser techniques such 
as CO2-laser-GMA-hybrid lon-
gitudinal or spiral welding have 

been investigated for the production 
of pipes in a variety of steel grades 
[1], [2]. In such applications the 
robustness, mobility and high degree 
of freedom offered by fibre delivery, 
gives the fibre laser advantages over 
the CO2 laser, yet it has not been 
widely used to date. 

Here we present results for fibre laser-
GMA-hybrid welding of pipe steel as a 
way of welding 14 mm thick section X70 
material with the maximum of 8 kW laser 
power available. Two different wire elec-
trodes were tested for their suitability in 
this application.

The equipment comprised a fibre laser 
source, a welding head combined with a 
welding torch and a welding source with 
a wire feed unit. Details of equipment 
and materials can be found in the high-
lighted box opposite and figure 1 shows 
the arrangement. For these tests the 
pipe material was supplied in plate form.

With a maximum of 8 kW laser power 
available, welding of 14 mm thick mate-
rial using a hybrid process required at 
least two weld passes and so a joint 
was made; a single V-butt joint with root 
faces of 6 mm and 8 mm and an includ-
ed angle of 45°. 

Laser-GMA-hybrid welding results to 
date have shown it to be unsuitable for 
welding fill passes, pores and occasional 
hot cracking appearing in the welds [3]; 
Fill passes were therefore made using a 
conventional arc welding process. The 
aim was to weld the samples with the 
higher root face and to achieve a sound 
weld.

Results and Discussion
Laser-GMA- Hybrid welding
One set of experiments was performed 
with a joint preparation having a 6 
mm root face and 45° opening angle. 
Figure 2a shows cross-sections of a root 
pass and a fully welded seam. In neither 
weld pass are any defects visible, the 

root having a straight, uniform shape 
with little excess penetration. With zero 
gap the weld seam was narrow at its 
middle and bottom and the weld bead 
is free of undercuts. Parameters for the 
welded sample are listed in Table 3.

Prepared joints with 45° included angle 
and 8 mm root face were welded the 
same way, but a 0.5 mm gap was intro-
duced. Two different wire electrodes 
were used, a solid wire and a metal 
cored one, the relevant welding param-
eters being given in Table 4. The solid 
wire weld produced a root pass of regu-
lar shape but on the fill pass a pore can 
be seen as well as excessive material 
in the cap.  Conversely, the metal cored 
wire results show excessive penetration 
on the bottom side and asymmetry in 
the root pass weld seam; however, the 
asymmetry disappeared in the fill pass.  

Figure 2 also shows that by moving from 
zero to 0.5 mm gap a more reliable root 
seam of better quality could be produced 
in 14 mm thick material. Also, the only 
difference between the two wires used 
for the hybrid welded root pass shown 

in figure 2 is that more metal cored wire 
was needed (12%) in the fill pass.

A root face up to 8 mm could be suc-
cessfully welded with the given (8 kW) 
laser power. At 8 mm this produced a 

Technical aspects of welding X70 pipe steel with high 
power fibre laser-GMA-hybrid welding
Stefan Grünenwald

HYBRID WELDING
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Experimental details

Materials
X70 pipe steel 14 mm thick

C Si Mn P S

0.083 0.228 1.73 0.013 0.0028

Al Cr Cu Mo N

0.049 0.031 0.047 0.002 0.0054

Nb Ni Ti V

0.051 0.055 0.005 0.082

Table 1: Chemical composition (wt %)

The compositions of the two types of wire 
electrodes used for hybrid welding are given 
in Table 2.

C Si Mn P S

Nertalic 70S solid wire

0.06 0.45 0.9 0.015 0.015
SAF DUAL 200 Metal cored wire

0.04 0.5 1.7 0.01 0.014
Table 2: Chemical composition (wt %) of  
electrode wires

Equipment
Laser: IPG YLR 8000-S fibre laser 
 Output power 8 kW 
 Fibre diameter 100 µm
 BPP 4.2 mm mrad 

Optics: Trumpf BEO D70 (90°)  
 Collimator 160 mm  
 Focal length 280 mm 
 Focal spot ∅ 0.22 mm

Welding 
source: Dalex Vario MIG 600
Wire feed Binzel APD
Torch Binzel VTS 500 
 Torch angle 22°

Figure 1: Experimental set-up for laser-GMA-
hybrid welding with 8 kW for pipe production

Layer Root 
face 
[mm]

Included 
angle 
[deg.]

Laser 
power 
[kW]

Welding 
speed 
[m/min]

Wire feed 
speed  
[m/min]

Current 
(mean) 
[A]

Voltage 
(mean) 
[V]

Gap 
 
[mm]

Focal  
position 
[mm]

root pass 6 45 8 1.6 6.5 257 24.2 0 -2

fill pass - 45 - 0.4 9 294 28.4 - -

Table 3: Parameters for welded sample shown in figure 2(a)

Focusing lens

Cross jetMIG welding 
torch

Hydraulic clamping device

Beam turning 
mirror

Torch angle

Weld direction
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saving in filler wire of about 20 % com-
pared to filling from a 6 mm root face. 
However, to go higher than this in joint 
preparation (i.e. root faces greater than 
8 mm) was discounted since it resulted 
in incomplete weld penetration.

Testing
Hardness
The hardness of the welded joints was 
measured across the weld seam in two 
lines, in accordance with EN 1043-1. 

Figure 3 shows typical hardness meas-
urements. For both samples the highest 
hardness was measured in the HAZ and 
the weld metal of the root pass. These  
hardness values would be too high for 
certain applications but they can be 
reduced by, for example, pre-heating 
before welding.

Tensile strength
The tensile properties of the 
welded specimens were meas-
ured at 20 °C according to EN 
10002-1 and EN 895. The results 
showed little deviation from 
those of the base material and 
results for solid wire and metal 
cored wire did not show any sig-
nificant differences. 

Impact
Three series of Charpy V-notch 
tests were carried out from 
specimen welded with solid wire 
and metal cored wire accord-
ing to EN 10045-1 and EN 875 at tem-
peratures of -20 °C. Again, results for 
solid wire and metal cored wire did not 
show any significant differences and 
were comparable to those achieved for 
other welding processes for the same or 
slightly higher grade material presented 
in [4], for example. 

Conclusions
Welding of X70 pipe steel carried out as 
part of the EU funded project FIBLAS 
has shown that laser-GMA-hybrid weld-
ing is a viable alternative to conventional 
welding for pipe production. For welding 
14 mm thick samples with ≤ 8 kW laser 
power in a hybrid process we conclude:

- two weld passes and a proper joint 
preparation are needed.

- the use of a 0.5 mm gap brought 
better root quality than a zero gap.

- hardness values were above accept-
able limits.

- test results for tensile properties and 
Charpy V-notch values are compara-
ble to other arc welding processes.

The approach presented here has the 
advantages of a reduced number of 
welding passes, a high welding speed 
for the root pass and less filler wire 
needed. These are advantages contrib-
ute to higher productivity and lower pro-
duction costs.
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Figure 2: Cross-sections of 14 mm thick X70 
material, single V-butt joint preparation and 45° 
included angle, showing root pass and fill pass 
for three sets of conditions: 
(a) 6 mm root face with solid wire
(b) 8 mm root face welded with solid wire
(c) 8 mm root face welded with metal cored wire

Layer Root 
face 
[mm]

Included 
angle 
[deg.]

Laser 
power 
[kW]

Welding 
speed 
[m/min]

Wire feed 
speed  
[m/min]

Current 
(mean) 
[A]

Voltage 
(mean) 
[V]

Gap 
 
[mm]

Focal  
position 
[mm]

Sample welded with solid wire

root pass 6 45 8 1.6 7.6 296 24 0.5 -2

fill pass - 45 - 0.4 7.1 259 24 - -

Sample welded with metal cored wire

root pass 8 45 8 1.6 7.5 297 25.9 0.5 -2

fill pass - 45 - 0.4 8 246 26.4 - -

Table 4: Parameters for welded sample shown in figure 2 (b) and (c)

Figure 3: Hardness measurements of samples from 14 mm thick 
X70 material welded with solid wire and metal cored wire and 
identical joint preparations: a single V-butt joint with 8 mm root 
face.

a

b

c

           Root pass                        Fill pass
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Short comments on papers in this issue

Case study: a failing laser mark
Mike Petty

This is fascinating and is the first proper 
research I have seen into what is happen-
ing to the surface of stainless steel when 
it is lasered with a ‘black surface’ mark. 
No one to my knowledge has defined 
and named the different laser marks that 
can be achieved on stainless steel, partly 
because set up and focus are so variable, 
but we use this marking technique a lot 
for medical and other high end applica-
tions. Generally the mark is permanent, 
and because it does not engrave the 
surface it does not create a hygiene trap. 
I had heard a rumour about chromium 
‘leaching’ to the surface and this now 
confirms it, but I have never understood 
the term ‘annealed mark’ which is some-
times used.
The importance of this research is that 
there has always been mystery surround-
ing corrosion that can occur, particularly 
in the marking of surgical instruments. 
Many instruments come from the Far 
East and the exact stainless steel used 
varies from source to source. The blame 
has often been attributed to one laser 
manufacturer over another, which never 
made sense. At least we now have a bet-
ter idea of what is going on.
A problem we had once was something 
called crevice corrosion, where differenc-
es in surface roughness result in an anod-
ic cell forming in the presence of mois-
ture. This happened with a Datamatrix 
code between the white areas and black 
areas. In the end it was agreed that the 
end user should give them a wipe in the 
same way we wipe knives and forks after 
being in the washing machine when they 
appear to go rusty.
Charles Dean   Fimark

Laser marking is an applications that 
offers lots of interesting materials and 
laser interactions research possibilities 
and yet very little appears to come to 
public knowledge. Instead it remains an 
“applications dominated” process, where 
a customer tries laser marking, usually 
directly with a supplier, if it works and the 
costs are right it is taken up, otherwise a 
more traditional route is employed. 
This article from Mike illustrates that there 
is real process and materials knowledge 
that informs users and potential users 
alike. I would like to see more articles of 
this nature in the AILU magazine.
Martin Sharp 
Liverpool John Moores University

The coronary stent: current 
requirements and future needs

Tao Wang   
One does not normally think of one's own 
mortality when reading an article in The 
Laser User. However, I did when I read 
the article by Dr Wang, whom I know well 
from work Swiss Tec are collaborating 
with at the University of Manchester.
A practical engineer, I long ago left all 
things medical to those better qualified 
than myself, and will only comment on 
the laser processing side of stent design 
and manufacture.
The basic understanding I have gained 
from this concise and descriptive article is 
that although laser processed stents have 
transformed Coronary Artery Disease 
treatment, we still have a long way to go 
before all of the medical and engineering 
issues are resolved. 
Understanding the problems that the 
medical fraternity has in using stents, 
and working with Universities to extol 
the virtues of laser-based stent cutting 
machines to the medical product mar-
ket, has opened up a Pandora’s Box of 
biotechnology and laser processing chal-
lenges.
The group lead by Dr Tao is at the fore-
front of this form of industrial - academic 
collaboration and the metals and exotic 
bio-absorbable polymers mentioned in 
the article were processed at Manchester 
University using a Swiss Tec picosec-
ond ablation system. Such collabora-
tions open further new frontiers in laser 
processing. Of course, it is a two way 
street, in which clinicians become edu-
cated as to the limits of what we poor 
engineers can currently provide and, with 
their direction, improve.
My input in to this work may be small in 
the overall scheme of things, but increas-
ing the effectiveness and reliability of 
stents may later be very close to my 
heart; pun intended.
Alan Boor  Swiss Tec

It was really good to have Tao give the 
opening talk at the Manchester AILU 
meeting on stents and precision engi-
neering last november and to see that 
talk transfer into an informative article.
Laser cut stents are one of the more 
recent highlights of laser processing suc-
cesses. Tao reminds us of the seriousness 
of the conditions behind their use, and 
more importantly that stents are far from 
being a successful cure for everybody. 

This review of the subject indicates some 
of the forward thinking in this area and 
for those of us who are responsible for 
manufacturing these devices it gives fair 
warning of the process developments 
that will be needed in the near future.
For the rest of us, well, it’s a timely 
reminder of the damage we do to our 
bodies. Time for a trip to Slimmer’s World 
for me then!
Martin Sharp 
Liverpool John Moores University

Laser-based machining of fine fea-
ture scales for high precision opti-

cal position encoders
Stéphanie Giet et. al.   

Dr Giet and co workers have produced 
interesting samples that have a very real 
application. Diffraction gratings of this 
size and periodicity have been manu-
factured via many different routes but I 
believe that most techniques will not eas-
ily address the robust materials described 
here. It seems that this is the goal; to 
produce fine gratings for use in harsh 
environments, for which they have very 
encouraging results. 
The use of melt flow has found various 
applications over the years (e.g. hard disk 
bumping, Andrew Tam et al, IBM) and the 
mechanism has been debated in the lit-
erature. For some materials, plastic defor-
mation due to thermal expansion beyond 
the yield point has been cited; this is not 
necessarily accompanied by melting. 
When a liquid phase is formed, thermo-
capillary forces can be generated as 
described in the article.  However, these 
types of flow, especially if connected with 
convection as well, take time to estab-
lish i.e. they are rate limited.  It would be 
interesting to estimate the length of time 
that the material exists in a low viscos-
ity state in order to support this idea.  I 
do agree that the recoil pressure from 
gas phase products plays a vital role in 
the mass transport of the material to the 
edges of the irradiated site.  It is likely, in 
my opinion, that it is this that dominates 
the interaction.
Howard Snelling University of Hull

The article by Gielt et al explains a very 
interesting direct write application of 
355nm q switched lasers to create a 
sinusoidal pattern. Apart from the opti-
cal encoder application discussed I was 
intrigued by other possible applications of 
the technology.
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It has always been my understanding that 
metals are never truly ablated and the 
mechanism for removal is always melting. 
However this melting generally behaves 
like ablation and it is almost impossible 
to use a 355nm q switched laser to weld 
two pieces of material together. However 
the results from the article seem to show 
a molten flow with capillary action to form 
the pattern. As I utilise a lot a 355nm q-
switched lasers I am going to go back to 
the lab and look at the possible melting 
applications in more detail. 
Another possible application is to form 
similar features in a clear polymer sub-
strate such as acrylic. These channels 
have potential usage in solar panel manu-
facture, where the light collecting efficien-
cy is increased at wider angles through 
reflection from the channel walls. Again 
using a 355nm laser for these applica-
tions allows a higher channel density than 
CO2 lasers and may be beneficial. 
This article was certainly interesting in a 
number of ways and has certainly given 
me a few things to think about.
David Gillen  Blueacre Technology

Laser joining for photovoltaic mod-
ule production

Felix Schmitt et. al.  
Dilas have also gained experience in 
the past 2 years of both these soldering 
applications in their applications lab. The 
diode laser is an ideal tool for this type 
of laser soldering as it offers the best 
combination of cost, efficiency and beam 
characteristics.  At Dilas there was no 
need to use a specific temperature profile 
or pulse shape as the process was found 
to be quite robust provided good contact 
can be ensured between the parts which 
are being joined.
Measurement of the real temperature dur-
ing soldering with a pyrometer is quite 
demanding, as the emission coefficient 
changes when the flux becomes acti-
vated and the solder starts melting. The 
welding solution also sounds interesting 
but no comment is made regarding the 
contact resistance – was it measured? 
And how did it compare with conven-
tional or laser soldering?  The cross sec-
tion of the laser welded joint in Figure 8 
looks like the contact area is quite limited 
compared to a soldered connection – 
have the improvements achieved in peel 
force with the fibre laser also resulted in 
reduced contact resistance?
Dave MacLellan   Rofin Baasel

This excellent article demonstrates the 
advantages of lasers in the application 
of carefully controlled power to achieve 
spatial and temporal temperature profiles 
in micro-joining applications. The devel-
opment of a non–contact air pressure 
hold-down ‘tool’ is specially noteworthy, 
as conventional jigging is a serious com-
plication in laser applications for micro-
joining.
The heat removal by the air pressure 
hold-down has been neatly counteracted 
by the through optic pyrometry and fast 
response available from the laser and the 
scanner in combination.
Perhaps direct welding of an aluminium/
silver busbar to glass frit bonded silver 
was optimistic and clearly needs devel-
opment. Pre-tinning the silver frit and 
fluxless reflow soldering might be an 
adequate alternative. 
Paola De Bono   TWI

Porosity control in Nd:YAG welding 
of titanium alloys

Jonathan Blackburn et.al. 
Laser welding has considerable flex-
ibility for joining titanium alloys either 
autogenously or with the use of filler wire 
or powder. As laser welding permits the 
generation of a keyhole that effectively 
concentrates the energy input into a 
small area, it clearly offers the poten-
tial to join titanium alloys i.e. the micro 
structural changes are confined to the 
weld region and a narrow heat affected 
zone. However, formation of weld poros-
ity is problematic when welding with high 
power continuous wave (CW) Nd: YAG 
lasers due to the formation of plume (i.e. 
a cloud of vaporized material), which 
scatters and distorts the laser beam and 
produces an unstable keyhole. Common 
remedies to this phenomenon involve 
optimizing laser and processing param-
eters i.e. power density, weld speed, gas 
shielding of the weld surface and, as this 
article demonstrates, blowing a gas jet 
into the keyhole at an angle to suppress 
the height of the plume. The porosity 
results for full penetration welds reported 
in this article look very good; neverthe-
less, it would have been interesting to see 
some partial penetration results for over-
lap and butt welds as well. 

As the results show this method pro-
duces the desire results but the correct 
setting up of the gas nozzle jet and flow 
rates are critical to obtain reduced poros-
ity welds. Alternative method to produce 
porosity free welds in a range of materi-

als including titanium based alloys is 
to modulate (super pulse) the CW laser 
output. The modulated output produces 
very stable keyhole during welding and 
the power reduction between peaks in 
super- modulation greatly reduces plume 
or soot shading and allows higher weld 
penetration and hence reduced porosity 
compared to CW operation.

Mo Naeem   GSI Group

Observations continue on p 31
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Reflections on the event by 
Stewart Williams
One of the hot topics in the laser 
material processing community is 
additive layer manufacture (ALM). 
This is a process whereby structures 
are formed by sintering or melting of 
metal powders or wires using lasers 
and other heat sources.  AILU's 
recent ALM workshop chaired by Rob 
Scudamore of TWI was well attended 
with nearly 70 delegates.  

Rob gave an excellent introduction to 
ALM processes. One of the highlights 
was his myth busting caveats:

• There is not unlimited design free-
dom BUT there is great design free-
dom;

• It is not ‘rapid’ BUT it is very agile;
• It does not yet achieve 100% mate-

rial usage BUT we are getting close;
• It will not be suitable for all applica-

tions BUT it is currently especially 
good for small batches of complex 
and/or personalised parts.

I then gave an update on the current 
status of wire plus arc based ALM. It is 
clear that this is method is very compli-
mentary to the laser + powder methods. 
The applications are different – mainly 
targeting large relatively simple struc-
tures compared to the small complex 
ones more suited to the laser processes. 
A couple of points of interest are the 
high deposition rates and the production 
of overhanging and enclosed structures 
without the need for supports (appar-
ently defying gravity). 

The first specialist presentation on laser 
based processes was given by David 
Cooper from the University of Warwick. 
This talk described the design optimisa-
tion and manufacture of an automotive 
hydraulic component. The talk highlight-
ed how ALM techniques can be used to 
produce highly complex structures with 
internal flow paths (a suitable internal 
finish being achieved). The design opti-
misation led to significant weight sav-
ings in the component illustrating how 
the design freedom that ALM processes 
gives can be exploited. 

John Tyrer from Loughborough 
University described the results of his 
work with Mathew Gibson investigating 
the use of diffractive optics to recon-
figure the intensity profile from lasers in 
order to optimise the ALM process. By 
altering the laser intensity profile differ-
ent cooling characteristics and therefore 
different grain structure can be obtained. 
An impressive demonstration was pro-
vided, showing a different microstructure 
on the two sides of a single bead depos-
it. It was not clear if this highly controlled 
microstructure is continued in multiple 
layer structures. 

Ian Halliday from 3T RPD gave an over-
view of the market prospects for metal 
based ALM. The potential is high with 
significant markets in the casting, medi-
cal and aerospace sectors. He consid-
ered the quality achieved to be sufficient 
high end aerospace applications but 
believed that a lack of awareness and 
price was holding back widespread 
application. Examples were given of how 
costs could be reduced through econo-
my of scale. 

Phil Carroll of LPW Technology gave 
a comprehensive overview of the dif-
ferent manufacturing processes used 
in the production of powder for ALM. 
The differences that can be expected 
from powders produced by the different 
routes were high-
lighted. Following on, 
Keith Murray from 
Sandvik Osprey out-
lined their extensive 
capabilities for the 
manufacture of a 
wide range of powder 
material (although 
currently not titanium). 

Richard Hague 
from Loughborough 
University gave 
an overview of the 
ATKINS project, 
extensively funded 
by the Technology 
Strategy Board (TSB). 
A major component 
of this project is to 
determine accurately 

the environmental benefits of ALM proc-
esses. 

Finally Robin Wilson from the TSB out-
lined the mechanisms by which they 
support collaborative projects such as 
the ATKINS project. Details were given 
of the TSB Strategy and drivers. All the 
relevant information can be found at 
http://www.innovateuk.org . 

The session concluded with a discus-
sion of the barriers to implementation of 
ALM technology. The outcome from this 
discussion along with the road mapping 
event held in Rotherham in January (see 
news feature on p 2) will be précised by 
Rob Scudamore into a document for dis-
cussion by the ALM community. 

After the formal meeting was concluded 
a visit was made to nearby 3T RPD, 
where delegates were shown their 
extremely impressive additive manufac-
turing facilities.
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EVENT REVIEW

PDFs of presentations from AILU workshop held over the past 2 years can now be downloaded from the AILU web site 
(click the 'events' link in the left column and then the 'presentations' link that appears below it). Contact the AILU office for 
the password for the event of interest. Free to attendees.

Speakers from left to right: John Tyrer, Laser Optical Engineering; Stewart 
Williams, Cranfield University; Ian Halliday, 3T RPD; Robin Wilson, TSB; 
Richard Hague, Loughborough University; David Cooper, University of 
Warwick; Phil Carroll, LPW Technology; Rob Scudamore (Chair), TWI; Keith 
Murray, Sandvik Osprey

The route to mass adoption of Additive Manufacture in metal component fabrication

16 March 2010, Hilton Hotel Newbury

C
ou

rte
sy

 3
T 

RP
D



The Laser User       Issue 58, Spring 2010

EVENT REVIEW

EVENTS
APRIL
27 Mtec 2010  (27-28)
 Part of the Advanced 

Manufacturing UK Show
 See advert on inside back cover 
 27/4 @ 14:15 Industrial Networking 

Theatre at Mtec: FREE Seminar 
 "21st Century Applications of 
Power Photonics" by Martin Sharp 
Liverpool John Moores University

28 Laser Engineering for 
your business  (28-29)

 FREE event organised by NWLEC 
Armitage Centre, Manchester 
http://lprc.mace.manchester.
ac.uk/events

MAY
19 AILU Workshop 

Recent developments in 
laser sources and sys-
tems for manufacturing 
Weston Hall Hotel  
Coventry

 See inside back cover 
DISCOUNT until 28 APRIL 
Reserve your place now  

JUNE
7 MACH 2010  (7-11)
 See advert on this page
 8/6 @ 11:00 Education & Training 

Zone at MACH: FREE Seminar 
"The growing role of lasers in 21st 
Century manufacturing"  
by Martin Sharp 
Liverpool John Moores University

8 SUBCON 2010  (8-10)
 NEC Birmingham 

http://www.subconshow.co.uk 

8 LASYS (8-10) 
See advert on page 37

10 AILU AGM
 See MACH and SUBCON then 

enjoy refreshments and a review of 
the Association's achievements and 
future plans, plus AILU Award and 
prize presentations

 NEC Birmingham 
Invitation and programme to follow

24  AILU Tutorial: Using  
surface analysis to solve 
problems in laser marking  
Aston University 
Preliminary notice; details to  
follow
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Espace Laser is the French trade show for materials and laser techniques in industry. It  
has become the unique annual event in France specifically dedicated to laser industrial 
applications where most suppliers of laser systems, equipment and services can be 
found. It is organized by IREPA LASER in partnership with Air Liquide and Club Laser 
et Procédés

The 2010 event will take place in Nantes on 19 -20 May. Delegates will have the 
opportunity to prospect a dynamic region, well known for its activities in food indus-
try and mechanical engineering. Visitors coming mainly from the West of France will 
be professionals in search of technological solutions. This is the place where laser 
projects come to light and usually more than 100 such projects can be identified. 

For further details of stand costs or visitor registration visit http://www.espace-laser.biz 
or contact Monique Caboche  E: mc@irepa.u-strasbg.fr
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A bright lining to the cloud created by 
the collapse of the financial sector has 
been a recent resurgence of interest in 
UK manufacturing by the current gov-
ernment and the opposition, with talk of 
the need for new incentives.

I notice that my Editor's Notes in the 
last two issues both dwelt on the rela-
tively poor uptake of laser technology 
by manufacturing industry in the UK, 
but because of AILU's recent success in 
obtaining PPE KTN funding for a project 
relating to this issue (see news on p1) I 
feel unable to address anything else! The 
project has to be completed by 30 June 
but before then a lot of clear thinking 
has to be done. It is no coincidence that 
the next AILU workshop is on 'Tools for 
the 21st Century - recent developments 
in laser sources and systems for manu-
facturing' nor that the next (June) issue 
of this magazine will be devoted to the 
subject. What better ways than these for 
AILU to celebrate the 50th anniversary 
year of the first working laser?

To quote Martin Sharp in recent email 
correspondence on this subject: "I 
would like to understand why UK indus-
try has been so behind in its uptake 
of lasers. We moan about businesses 
driven by short term returns on invest-
ments, we clamour for our own form of 
Fraunhofers, we’ve had union issues, 
I’ve experienced first hand the down-
right conservatism of a UK workforce 
restraining progress in bringing on laser 
technology (which ultimately lead to the 
closure and transfer of a whole sec-
tion to Poland). We know the UK can 
do better with laser technology, so do 
we (AILU) need to build better business 
cases and lobby harder to reduce barri-
ers to uptake?"

With the resurgence of interest in UK 
manufacturing combined with fresh 
efforts by the Market Development SIG 
(see p2) and the support of the new 
AILU project we will begin to see an 
improvement in UK industry's uptake of 
laser technology.

Mike Green, Editor  
mike@ailu.org.uk
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AILU Workshop

Tools for the 21st Century 

Recent developments in 
laser sources and systems 

for manufacturing

19 May 2010
Weston Hall Hotel  Coventry

 
There has never been a time in the 
last 20 years when there was more 
political backing for growth in the UK 
manufacturing sector than the present. 
In response to this state of affairs, and 
in the 50th anniversary year of the first 
working laser, AILU is hosting a work-
shop on ‘Recent developments in laser 
sources and systems for manufactur-
ing’, which is surely a most appropriate 
response to the current situation.

This workshop will provide a compre-
hensive review of important recent 
developments in industrial laser sources 
and systems and highlights their value 
to manufacturing, in particular ‘21st 
Century manufacturing’: that is, manu-
facturing that can meet such global 
challenges as providing cleaner energy 
and less polluting transportation, and 
that can provide a competitive edge by 
incorporating flexibility, higher added 
value and micro-scale capability.

Chair: Jim Fieret, BOC Gases
The day will comprise presentations 
and an exhibition. 

For full programme see 'Events' page 
on the AILU website or request a flyer 
from the AILU office T: 01235 539595

The event is supported by: 

Photonics and Plastic Electronics KTN

Institute of Physics

MAS West Midlands

10% Discount for applications received 
before 28 April 2010
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