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The cover photo showing a new form of laser 
surface modification developed at TWI Ltd, 
achieved with a modest power fibre laser, is an 
excellent example of the continued innovation of 
laser technology and applications 50 years on. 
Full details of this application can be found on 
p 28. As well as articles on a range of other laser 
applications we feature an extended job shop 
section, with news starting on p 12 and features  
and articles starting on p 20.
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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 

Helping you make the most of laser technology

Join US!
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



Association
Presentation of Award and Prize

The previous issue of this magazine 
announced the 2010 winners of the AILU 
Award and Prize and described their 
contributions. The presentation of the 
Young UK Laser Engineer of the Year 
Prize to Jon Blackburn was made at 
the AILU AGM held at the NEC on 10 
June during the MACH exhibition, but in 
view of the relevance of Professor David 
Payne's work to fibre laser technology, 
the presentation of the Award was made 
not at the AGM but at the 'Tools for the 
21st Century' workshop in Coventry on 
19 May. 

Speaking at the end of the morning ses-
sion, ex-President Malcolm Gower, who 
had first nominated David for the Award, 
summarised the pioneering contributions 
that made David such a worthy winner. 

"Professor David Payne FRS, CBE, 
Director of the Optoelectronics Research 
Centre (ORC) at Southampton University, 
was nominated for this award in recog-
nition of his major contributions in the 
development of industrial laser materials 
processing in the UK, both in his inven-
tions in the field of fibre lasers, in par-
ticular the invention of the erbium-doped 
fibre amplifier (EDFA), and also for his 
role in the establishment of SPI Lasers in 
2000 to exploit the technology developed 
by the ORC," said Malcolm.

The award, an internally laser-marked 
glass block mounted on a stainless 
steel assembly generously designed, 
fabricated and marked by Neil Main of 
Micrometric, Lincoln, was presented by 
AILU President Stewart Williams. 

In accepting the award David said that he 
would treasure this award as one of the 
most important he had received because 
it has been given by an industrial body. 
"It will demonstrate to my academic col-
leagues the practical value of this work," 
he said. 

David then gave a fascinating historical 
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David Payne (left) being presented with the AILU 
Award from President Stewart Williams

Jack Gabzdyl has over 
20 years of laser materi-
als processing experi-
ence and is Product Line 
Manager at SPI Lasers for 
ns pulsed fibre lasers. He 
has recently taken over 
as Chair of AILU's Micro:
Nano SIG and is cur-
rently planning the the Micro-processing 
Workshop in St Asaph on 6 October. 

See also 'Chairman's note' on p 18.

New appointments at AGM
Two of the younger members of the UK 
laser community joined the AILU com-
mittee at the recent AGM, which was 
held at the NEC on 10 June.

Matthew Gibson gradu-
ated from Loughborough 
University in 2006 with 
a BEng in Mechanical 
Engineering and is under-
taking a PhD there in dif-
fractive beam shaping for 
direct metal deposition. 
He is also currently work-
ing with Laser Optical Engineering Ltd 
to design and implement custom beam 
shaping for a variety of high power laser 
materials processing applications.

Andy Waterhouse gained 
an honours degree 
in Physics from the 
University of Leeds in 
2007, with a final year 
focus on Non-Linear 
& Quantum Optics 
and Crystal Growth 
Simulation. After a brief 
spell at a business proc-
ess outsourcing organisation working 
with ISO 9001, Andy joined II-VI Infrared 
in early 2008.

At the AGM Stewart Williams of 
Cranfield University retired after serving 
two years as President. Among his many 
achievements during this time have been 
the tightening up of AILU finances and 
the introduction of the ILAS two day 
symposium.

Also at the AGM Paul Hilton of TWI was 
elected President for a second term 
(he was previously elected in 2005) and 
Martin Sharp of Liverpool John Moore's 
University takes over as Vice President.

A copy of the minutes of the AGM can 
be found enclosed in this issue and on 
the AILU web site, in the 'Committee 
Documents' section of the Members' Area. 

Jack Gabzdyl

New AILU appointments

Matt Gibson

Andy Waterhouse

review of the optical attenuation in silica 
fibres, the transformation to telecom-
munications brought about by the EDFA 
and the scaling up of power handling 
capability of silica fibre. He described 
developments in fibre lasers and predict-
ed that there are huge developments still 
to come including high power multi-pass 
fibre MOPA phased amplifiers and fibres 
with greater power handling capability. 
He estimated that the practical limit of 
power down a conventional single mode 
silica fibre was about 20 kW and that 
such output would be achieved within 
the next couple of years. 

AILU Prize
AILU Prize winner Jonathan Blackburn is 
a graduate of Lancaster University and is 
currently researching for an EngD at the 
University of Manchester. He won the 
award for his work on the development 
of the Surfi-Sculpt® process. 

After concluding the formalities of the 
AGM, Stewart Williams, in his last act as 
AILU President, introduced Jon's work 
and presented him with a cheque for 
£275 and a laser engraved plaque, gen-
erously contributed by Tim Millard of ES 
Technology.

In accepting the Prize, Jon gave a sum-
mary of his research activities in laser 
surface modification, showing how he 
developed the process using an inex-
pensive 200W fibre laser and commer-
cially available laser marking optics and 
software. The details can be found in the 
article starting on page 28 of this issue, 
with one of his surface-modified compo-
nents taking pride of place on the front 
cover of the magazine. Indeed, Jon is 
the only recipient of this award to be an 
author on papers published in two con-
secutive issues. (See issue 58, p32).

Pictures of the Young Laser Engineer's 
plaque and the Award can be seen by 
following the 'Awards and Prizes' link on 
the AILU home page. 

Jonathan Blackburn receiving the AILU Young 
Laser engineer's Prize from President Stewart 
Williams
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Initiatives
New KTN
As of 1 July 2010, the 
Electronics, Sensors, 
Photonics KTN was 
officially launched as 
a consolidation of the 
three previously sepa-
rate networks. The ESP KTN has been 
established by the Technology Strategy 
Board as part of the wider consolidation 
of the Knowledge Transfer Networks. 

The TSB says this refinement will both 
secure the future of the unified KTN’s 
activities and significantly increase its 
critical mass, strengthening its support 
activities for many thousands of mem-
bers across the country. The formation 
of the ESP KTN will also mean greater 
opportunities for networking, collabora-
tion and establishing new partnerships 
to bid for R&D projects and UK and 
international funding.

Steve Welch, the new body’s CEO, said: 
“I am thrilled to have this opportunity 
at what is an exciting time for the peo-
ple and organisations that make up the 
ESP and KTN communities. There are 
undoubtedly some fantastic emerging 
opportunities, despite the current eco-
nomic climate.” 

In a process of consolidation lasting 
one year the ESP KTN will identify and 
prioritise the activities of the constituent 
members. Together they represent thou-
sands of academics, engineers, scien-
tists and other people working in these 
sectors. Welch added: “What won’t be 
changing is the KTN’s open door policy, 
meaning that our management team 
will always be keen to receive input and 
ideas from across the communities.” 

The ESP KTN technology areas are 
divided into five themes corresponding 
to national and international initiatives:

Smart Moves: Improving transport effi-
ciency and reducing the need to use it.

Secure World: Defence and security

Quality of Life: Technology ranging from 
medical diagnostics and treatment to 
new food processing techniques.

Electricity for the Future: Generation 
from renewable sources and improved 
efficiency of devices

Connected World: High speed fibre con-
nections and the internet.

For more information: 
https://ktn.innovateuk.org/web/espktn 

Dave MacLellan, Sales Manager of Laser 
Micro at Rofin Baasel UK has introduced 
two web-based initiatives to broaden 
the knowledge available on the internet 
regarding laser material processing. 
"Almost 2 years ago I set up a Youtube 
site at www.youtube.com/rofinbaasel, in 
part because Rofin have a lot of great vid-
eos which not many people have viewed," 
said Dave. "Also, it is much easier to 
upload a link to an online video resource 
than it is to e-mail 40MB video files to 
every customer who might be interested.  
Now we average about 120 views per 
day and our most popular video has been 
watched over 13,000 times" he added. 
About 4 months ago Dave also set up a 
blog for Laser Material Processing at www.
lasermaterialprocessing.blogspot.com as 
a means of disseminating news stories, 
good images and videos to the wider 
community. 
As Dave points out "A lot of new technolo-
gy (Youtube, Facebook, Twitter, etc.) starts 

out mainly for entertainment and then 
the business community wakes up to it 
and realizes that there are useful side-
effects in sharing such information."
Initiatives such as these should be of 
interest to all AILU members. Certainly 
this is a topic that is currently of great 
interest with the AILU committee, in 
particular for the Design for Laser 
Manufacture initiative. 
Contact: Dave MacLellan 
E: D.Maclellan@rofin-baasel.co.uk

The Innovation Award Laser Technology 
2010 was won by EdgeWave GmbH, 
for the development of the Q-switched 
INNOSLAB laser for high quality micro-
processing. The presentation of 10.000 
Euro was made on 5th May in Aachen´s 
town hall. Over 250 guests who were 
taking part in the AKL´10 conference 
attended the awarding ceremony. 
This biannual Award is conferred by the 
association Arbeitskreis Lasertechnik e V. 
and the European Laser Institute ELI, for 
work of outstanding innovation in the 
production and/or use of laser radiation 
in materials processing, with demonstra-
ble commercial value to industry.
Introducing the winning submission, 
AILU President Paul Hilton, one of the 
10 person jury, explained how the prop-
erties of lasers for the application of 
ablative processing of semi-conductors 
and insulators is limited by the relatively 
slow process speeds of conventional 
short pulse laser sources; and that what 
is required is combination of high pulse 
repetition rate, high pulse energy, high 
peak power and short pulse length. 
The EdgeWave Q-switched INNOSLAB 
lasers addresses these requirements, 
offering pulse energy up to 60 mJ and 
pulse length down to 4 ns in a beam 
with M2<2.
The laser comprises a slab shaped laser 
crystal with two polished end faces for 
diode pumping, contact cooling on the 
two other large faces, a hybrid resona-

tor for diffraction limited beam quality 
at high efficiency and a slab-shaped 
Pockel cell and a polariser as q switcher.
The second place went to Rolls-Royce 
for the development of a blown powder 
laser deposition system for the repair 
of high value aeroengine components. 
Third place went to the Meyerwerft 
Shipyard in Papenburg, for their use of 
laser/arc hybrid welding to minimise the 
distortion in the production of what was 
described as 'the ship equivalent of the 
dissimilar thickness tailored blank, now 
so common place in the automotive 
industry'. 
Commenting on the jury's conclusion, 
Paul commented that "it was encourag-
ing for me to see an SME win in compe-
tition with two very large organisations."
For further information: 
http://www.innovation-award-laser.org/

Presentation of innovation award in laser technology

Jury member Paul Hilton, TWI, (r) introduces the 
applications of the three finalists (from l)  Dr. 
Keming Du, MD of EdgeWave, Germany, Hermann 
Lembeck of the Meyer Werft Laserzentrum GmbH 
and Jürgen Dupré of Rolls-Royce Deutschland

Rofin offer web-based initiatives for laser materials processing 

Rofin's Youtube home page
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Trumpf wins major disc laser contract

Over the next two years Trumpf will 
be equipping production sites of PSA 
Peugeot Citroën with additional, next-
generation TruDisk disc lasers for weld-
ing and soldering body components. 

PSA Peugeot Citroën has used Trumpf 
disc lasers for auto body construc-
tion for many years and has awarded 
this new order on the strength of the 
TruDisk’s low investment and operating 
costs as well as its high degree of avail-
ability in production.
Contact: Gerry Jones 
E: g.jones@uk.trumpf.com

MSS Lasers launches new showroom

MSS Lasers new 16,000 sq ft Rugby 
showroom has doubled its capacity in 
preparation for an economic upturn, 
when it anticipates that demand for its 
refurbished lasers and new nitrogen gen-
eration plants will soar.

Working in collaboration with Advantage 
West Midlands, MSS Lasers will be cre-
ating new jobs and increasing the tech-
nical expertise it can offer, and is aiming 
at 100% growth over the next 3-5 years. 
Neil Jackson, General Manager at MSS 
Lasers says, “There will be a shortage of 
good quality machinery once the reces-
sion ends, so increasing our capacity 
now will put us in a good position.”

The new facility will be dedicated to the 
final preparation stages of laser refur-
bishment and to the assembly and test-
ing of nitrogen generators, enabling cus-
tomers to see a range of fully operational 
equipment. “We will typically have eight 
laser machines from different manufac-
turers refurbished to ‘as new’ condition 
on demonstration at any one time and 
three new nitrogen generation plants. 
That way, we can recommend the most 
appropriate make and model of laser for 
each customer’s application.” 
Contact:  Carlos Gonzalez-Lee 
E: carlos@mss-lasers.com

Coherent opens apps lab in China

Coherent, Inc. has opened a new CO2 
laser applications laboratory in Beijing, 
China, to give customers in the Chinese 
materials processing and microelectron-
ics markets the ability to get quick feed-
back on the suitability of their specific 
application for CO2 laser processing.  

The Coherent Beijing applications labo-
ratory is able to process with up to 400 
watts of laser power. “We are now see-
ing increased demand for sealed CO2 
lasers for a variety of new applications 
and material" said Sri Venkat, VP/GM of 
CO2 Business Unit, at Coherent.
Contact: Sri Venkat 
E: Sri.Venkat@coherent.com 

Manufacturers marking time

Britain’s manufacturers are putting 
investment plans on hold to see how 
the coalition government’s deficit 
strategy unfolds, according to The 
Confederation of British Metalforming.

Results of research from the 
Engineering & Machinery Alliance 
showed seven successive months 
when a majority of companies received 
higher levels of interest, from both 
domestic and export markets.CBM 
director-general John Houseman says 
the mood among its members remains 
largely positive, underlining the more 
bullish feedback noted since the start 
of 2010.

“It’s always good to see positive bal-
ances in the data, and for April, we 
saw plus signs for employment pros-
pects, enquiries and orders,” he said.

“Almost three-quarters of companies 
reported that their workforces were 
unchanged since the previous monthly 
survey, so it does seem as if the 
long period when redundancies were 
announced almost daily, is finally over.”

However, Houseman says there has 
been no improvement on the core issue 
which has bedevilled manufacturers for 
three years - access to finance.

”Month after month, and especially 
since the turn of the year, we are see-
ing many companies who want to 
proceed with projects but cannot get 
money from the banks,” he said.

“Some firms are eager to go ahead 
with capital investment programmes, 
others need finance to enhance the 
skills of their employees, and some 
wish to do both, but the banks remain 
very reluctant to lend to manufacturers, 
regardless of their sector.

Although the research was carried 
out before the coalition unveiled its 
£6.2 billion spending cuts, Houseman 
believes companies were also loath to 
proceed with investment plans before 
the target areas were identified.

“Hopefully, now the information is out 
there, we will see those companies 
able to finance investments will pro-
ceed, and that others are finally able to 
access bank debt more readily.”
Contact:  Kirsi Lintula 
E: kirsi.lintula@britishmetalforming.com

Best New Product Award Winner

For more than two decades, the Design 
News Awards Program has recognized 
engineering innovation and creativity in 
product design. 

This year, Aerotech has won a Design 
News Golden Mousetrap Award in the 
Motion Control and Automation category 
for the ANT130-XY, a dual-axis nano-
positioner. This positioner has a three-
piece design that allows travel in two 
dimensions (X and Y) and provides an 
extremely low profile of only 85 mm and 
travel options up to 160 x 160 mm.

This unique drive and bearing combina-
tion, packaged in an extremely small-
profile and footprint, offers tangible 
advantages in many applications such 
as high-precision positioning, disk-drive 
fabrication, fibre alignment, optical 
delay element actuation, sensor testing, 
and scanning processes that demand 
smooth and precise motion.
Contact: Cliff Jolliffe 
E: cjolliffe@aerotech.co.uk

Business

Swisstec representative in Ireland 

Swiss Tec have appointed Lister 
Machine Tools Ltd as their representa-
tive in Ireland. Lister Machine Tools Ltd 
have been supplying quality machine 
tools to the Irish market for over 50 
years, having represented Trumpf 
machine tools in the Irish market since 
1968 and is currently one of the leading 
suppliers of industrial lasers.

Lister benefits from extensive experience 
in the medical device market in Ireland, 
backing this up with locally based highly 
trained sales and service staff.
Contact: Georg Dobler 
E: g.dobler@swisstecag.com
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Products
High performance marking laser

The FLAIR-13 
from London-
based Midaz 
Lasers sets 
new levels 
of perform-
ance with 13 W of IR average power at 
100 kHz. Pulse repetition rate can reach 
500 kHz. The linearly polarised beam 
enables this laser design to be easily 
adapted for Green and UV wavelengths.

Its performance is unmatched by other 
DPSS lasers especially for pulse duration, 
which can be as short as 8 ns at 30 kHz.  

Midaz believes that FLAIR-13 will replace 
existing sources in laser marking sys-
tems and help to create new applications 
which require best quality marking and 
micromachining with high throughput.

The FLAIR is compact (22 cm long, 
2.0 kg weight) and of modular design. Air 
cooling makes it a cost competitive solu-
tion without the need for a water chiller.
Contact: Dennis Camilleri 
E: dennis.camilleri@midaz.co.uk

Picosecond mode-locked lasers with 
direct diode pumping have many indus-
trial applications. The picoTRAINTM 
platform meets the need for high stability 
and reliability and starting with the basic 
oscillator it can be individually configured 
to provide:

• Up to 50 W @ 1064 nm by attaching 
a power amplifier module to the exit 
of the basic oscillator. 

• Combined 
with the 
pulse pick-
er module 
the 50 W 
ps-laser 
delivers 
pulses with 
an energy of up to 10 µJ, enabling 
single pulses or pulse bursts up to a 
maximum repetition rate of 80 MHz.

• The Green module offers visible ps 
laser output with 20 W @ 532 nm. 

• The harmonics module offers a UV 
wavelength at 355 nm with an output 
power of up to 10 W. .

The picoTRAINTM platform features a 
compact design and small footprint. The 

housing is a heavy monolithic aluminium 
with low vibration coupling. A recircula-
tion cooling circuit gives thermal stabili-
zation of the housing.

High Q Laser utilizes the URDM (User 
Replaceable Diode Module) technology 
for direct diode pumping. The diodes are 
operating with “de-rated” nominal pump 
current for longest MTBF. The semicon-
ductor saturable Bragg reflector assures 
passive and self-starting mode locking 
for high temporal stability.

Laser Diode Drivers
The eDrive Series from Cutting Edge 
Optronics are the next generation of 
diode laser drivers and controllers, offer-
ing full laser diode control with manage-
ment of all critical DPSS functions from 
within one box

Cutting Edge Optronics are a lead-
ing provider of high-power diode laser 
arrays, high power pump modules and 
DPSS lasers. Photonic Solutions can 
supply the full range of Cutting Edge 
Optronics unmounted diode bars,  
packaged.
Contact: Doug Neilson (UK & Ireland) 
E: douglas.neilson@photonicsolutions.co.uk

High-power picosecond oscillators with wavelengths in UV, Green and IR

picoTRAINTM IC-10000 with 
dual wavelength exit

Sources
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50 years after the first working laser, 
Ruby lasers are still being manufac-
tured by a UK company. Surprisingly, 
despite the huge developments in laser 
technology, these lasers still compete 
with newer material, with applications in 
industry and research.

InnoLas (UK) ltd, of Rugby, has manu-
factured solid state lasers since 1997. 
The very first laser we made was a 
Ruby, and just last month we shipped 2 
new Ruby lasers, both of which will be 
put to work in production environments. 

Ruby has very different properties to Nd:
YAG and the Ruby laser is typically una-
ble to run at pulse rates exceeding 1Hz. 
However, its visible wavelength (694 nm) 
is easier to detect and measure than 
the infrared output of Nd:YAG, making it 
ideally suited to measurement applica-
tions. Ruby lasers are relatively efficient 
in generating high single pulse energies 
and they can easily be pumped with 
flashlamps, making them low cost and 
easy to maintain. Its narrow bandwidth 
(long coherence length) makes the ruby 
laser ideal for some interferometric and 
holographic applications.

The principals of pulsed laser design 
have long been established; however 
at InnoLas we have given Ruby lasers 
a 21st century twist. Our unique carbon 
fibre cage structure gives these lasers 
unrivalled mechanical and thermal stabil-
ity. Modular design means we can easily 
configure our lasers with amplifiers, line 

narrowing optics, Q-switching and more 
to suit individual requirements.  Control 
is via our easy-to-use PC software.

Over the years, ruby lasers have been 
used in a multitude of industrial appli-
cations. These include a non-contact 
technique for vibration and stress 
analysis of mechanical components; 
optical damage testing (for which the 
well-defined, repeatable beam profile of 
our lasers is essential); heat treatment 
and ablation; and particle or fluid flow 
measurements.
Contact: Nick Coates 
E: ncoates@innolas.co.uk

For more information on the InnoLas range of 
industrial lasers contact sales@innolas.co.uk, 
visit www.innolas.co.uk or call 01788 550777

Ruby lasers 50 years on

The InnoLas QSR model Ruby laser

New generation of disc lasers

Trumpf has intro-
duced its latest 
generation of 
TruDisk lasers, 
providing high 
quality, fibre deliv-
ered laser output 
with unprecedented performance for 
demanding industrial applications. 

With up to 16 kW of power, TruDisk 
models are able to maintain their beam 
quality of 2 to 8 mm-mrad regardless 
of increases in power. Integrated power 
sensors and real time power feedback 
control ensures continuous, steady and 
reliable power at the workpiece.

A unique modular design allows indi-
vidual diodes and laser components to 
be serviced onsite, virtually eliminating 
downtime. Greater access to fibre optic 
cables allows their service with the laser 
is in operation while parallel fibres main-
tain production.

The design facilitates laser power 
upgrades with additional diodes allow-
ing the system to grow with production 
needs. The diode life expectancy is over 
50,000 hours.

TruDisk lasers are insensitive to reflec-
tion; as such they can easily process 
reflective materials such as copper or 
aluminium without risk of laser failure.  
This unique advantage not only negates 
the downtime characteristic of other fibre 
delivered lasers but also protects the key 
optics from catastrophic failure.

High beam quality – low operating costs
Trumpf has expanded its TruDiode 
series. These diode lasers are now avail-
able with output power of 800, 1000, 
2000 and 3000 watts for welding, braz-
ing, hardening and heat treatment. 

These industrial grade diode lasers pos-
sess a beam quality comparable to that 
of lamp-pumped lasers – even at high 
output power – all at significantly lower 
operating costs. In a three-shift opera-
tion, the variable costs can be up to 95 
percent lower. The reason for this is the 
high wall plug efficiency of the diode 
laser, which can reach up to 40%. 

The diodes are passively cooled, ensur-
ing a long life. Their modular design 
allows easily integration into existing 
production systems.  
Contact: Gerry Jones 
E: g.jones@uk.trumpf.com

Photonics West 2010 saw the introduc-
tion of Scanlab's first laser material 
processing software, laserDESK®. 
LaserDESK® is the first program to 
support all capabilities of the RTC®5 
controller board and thereby fully utilize 
the potential of iDRIVE® technology 
– Scanlab’s new control and servo con-
cept. In addition to providing  standard 
feature expected of a professional laser-
processing program, such as a user-
friendly GUI, 1D and 2D barcodes and 
import filters for bitmap or vector graph-
ics, laserDESK® with the RTC®5 offers: 
20-bit position signals; 24-bit virtual 
image field for layout positioning when 
processing on the fly; dynamic memory 
management of the 1 MB buffer; simple-
to-use I/O communication interface for a 
PLC; integrated laser control with error 
monitoring that requires no additional 

hardware; 
ability to query 
multiple status 
information in 
real time; and 
more.

LaserDESK® 
is the direct 
beneficiary of Scanlab’s years of expe-
rience developing and manufacturing 
scan systems and serving the laser 
material processing industry. The 
program is suitable for controlling all 
Scanlab scan systems and typical laser 
types with the RTC®5 via the SL2-100 
or XY2-100 protocol. laserDESK® is a 
multi-faceted program that offers abso-
lute flexibility to users.
Contact: Viola Schulze 
E: v.schulze@scanlab.de

LMP Software by Scanlab
Software
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Nano-positioning for laser machine 

Laser technology solutions specialist 
Altechna Co. Ltd is basing its Alt-SCA 
femtosecond laser micromachining sys-
tem around Aerotech's ANT130 series 
linear motor driven nano-positioning 
stages in a customised 3-axis XYZ con-
figuration that includes a granite bridge 
support structure and a unique pneumat-
ically counterbalanced vertical axis. The 
synchronisation between the 1 nm reso-
lution positioning system and the laser's 
firing pattern is controlled with the 
advanced PSO (Position Synchronised 
Output) command from Aerotech's 
software-based A3200 motion control-
ler which is built into Altechna's SCA 
(System Control Application) front end 
software using .NET class libraries. 

The Alt-SCA 
femtosecond 
laser machining 
system inte-
grates the com-
plete Aerotech 
motion sub-
system with a 
10W Yb:KGW (1030 nm) femtosecond 
laser source, machine vision, beam shap-
ing optics and a galvo scanning head 
with resulting fabrication speeds up to 
350000 pixels per second with 25400 
DPI resolution. Combining such high 
processing speed and large area posi-
tioning capability with nanoscale resolu-
tion and sub- micron accuracy, the Alt-
SCA is aimed at research industrial users 
for development and high throughput 
manufacture of surface or 3D micro-nano 
structures.

The ANT130 series has a nominal width 
of 130 mm and is available in travel 
ranges from 35 mm to 160 mm, in a 
choice of two accuracy grades up to 
±250 nm to suit high or ultra-high pre-
cision requirements. Aerotech's nano 
Motion Technology (nMT) range brings 
together linear, rotary and goniometric 
stages to provide exceptional precision, 
rapid acceleration, high speed and ultra-
fine resolution for nanometre resolution 
positioning. With zero-backlash and 
hysteresis in combination with encoder 
feedback processing and real-time axis 
calibration, the nMT range is provid-
ing the technology for many demand-
ing applications where large area/high 
throughput positioning involves nanome-
tre level structuring – a perfect solution 
for  ultrafast-laser micromachining.
Contact: Cliff Jolliffe 
E: cjolliffe@aerotech.co.uk

Upgrades set machining standards 

When Theodore Maiman demonstrated 
the first laser 50 years ago, he could 
have had little conception about how 
computer soft-
ware would con-
trol his intense 
beams of light 
for high precision 
manufacturing in 
the 21st century.

Since that early 
period of laser history, research has 
produced a variety of lasers types for 
cutting, and with continued increases in 
laser performance there has been con-
tinuous pressure on software develop-
ment to ensure that maximum perform-
ance is achieved from the laser machine 
tool. This has led to Radan, the world’s 
largest sheetmetal software provider, 
issuing two new editions per year of 
their software.

Radan’s 'Radprofile' provide advanced 
CNC profiling for laser machines and 
also supports most machine tools 
worldwide across many cutting tech-
nologies, including plasma, flame cutting 
and waterjet. 

The latest editions of Radprofile include 
more information about the produc-
tion process stored for use in future 
programs. Radprofile also integrates 
seamlessly with Radpunch to provide a 
comprehensive solution for combination 
machines. 

The nesting module is capable of 
processing a schedule of parts of dif-
ferent materials, and generating a com-
plete sequence of nests, revolutionising 
production. The standard nesting in 
Radprofile carries out nesting based on 
rectangular shapes and includes the 
ability to nest small parts automatically 
within large cutouts in other parts. 

This functionality is extended through 
Radnest, enabling fully generalised irreg-
ular shaped parts nesting. Radnest also 
can produce nests that use common line 
cuts between adjacent parts, thereby 
reducing cycle time and increasing 
material utilisation. Alternatively, parts 
may be nested with a bridge of material 
between the parts.

The Radan brand’s history dates back 
almost 35 years to 1976, meaning that 
there are few machines for which it has 
not provided solutions. 
Contact: Trevor Glue 
E: TrevorGlue@planit.com

Safety hardware
Sperian Crystal Clarity™ safety filters

Sperian Crystal Clarity™ dielectrically 
coated laser safety filters provide excep-
tional visual acuity, temperature stability, 
protection over ± 30° angle and are the 
lightest weight coated filters available.

The Crystal Clarity™ filter range has 
recently been extended to include:
• Filter 42 provides protection to EN 

207 DIR L5 from 925-1060 nm and 
DIR L6 at 1064 nm with 92% visible 
light transmission. 

• Filter 40 provides protection at 755-
810 nm and 950 nm through the infra-
red up to 10600 nm with 72% visible 
light transmission.

Sperian 
Crystal 
Clarity™ filters 
are available 
in the New 
York spectacle design and in the Sperian 
Encore frame style, which also fits over 
corrective spectacles. Sperian Crystal 
Clarity™ filters and the Sperian New 
York and Encore frames all come with a 
lifetime guarantee.

Contact: Peter Bennett 
E: peter@laserphysics.co.uk 

Lasermet’s New laser beam shutter

The LS-20 Laser Safety 
Shutter is Lasermet's 
latest addition. It fea-
tures a gravity-close 
blade and force-discon-
nect proving contacts. 
When open the laser 
beam passes through 
unimpeded but, when 
closed, it deflects the 
beam onto an internal beam dump.  

The standard version can be used up 
to 20 W average laser power. For use at 
powers up to multi-kW levels, a dielec-
tric mirror is used on the blade and an 
external beam dump fitted.

The shutter LS-20SIL version provides 
a safety interlock to Safety Integrity 
Level (SIL) 3 to EN61508. It features dual 
channel shutters with blade position 
monitoring fed back to the safety control 
system, enabling fail safe redundancy 
and detection of any failures. 

LS-20 shutters may be operated manu-
ally or remotely is suitable for laser beam 
diameters up to 15mm.
Contact: Paul Tozer 
E: sales@lasermet.com

Positioning
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Prima North America has introduced its 
newest model, the Convergent Lasers 
CL-R pulsed Nd:YAG laser.

“This next generation laser was 
designed to be an in-place replacement 
for the JK704 lasers used by Laserdyne 
Systems customers around the world,” 
according to Terry VanderWert, President 
of Prima North America. “It gives exist-
ing Laserdyne system users a replace-
ment option for the JK704 at the same 
time providing an upgrade opportunity 
for increasing performance. While there 
appears to be a number of process-
ing advantages when using this laser, 
including higher throughput and the 
ability to produce deeper and larger 
percussion drilled holes, the main thrust 
of the program is to provide Laserdyne 
customers with a laser that will be sup-
ported for many years to come.”

Users of earlier model Laserdyne 780, 
890 and 790 systems will be offered a 
turnkey retrofit package including com-
plete on-site installation and startup 
assistance.

The CL-R laser provides a wide range of 
process flexibility. The laser combines 
up to 50 kW peak power with low diver-
gence resonator optics to produce a 
high intensity laser spot for:

• Drilling holes up to 75 mm in length.
• Drilling 3 mm long holes at 10 holes/

second on the fly.
• Cutting at 300 mm/min up to 20 mm 

in depth.
• A long depth of focus, enables holes 

to be drilled with reduced taper. 
Special pulse-shaping techniques 
can be used to improve the geomet-
rical quality of holes drilled by single 
laser shots “on the fly.”

When retrofitted the CL-R will be com-
patible with existing beam delivery hard-
ware and existing software programs, 
and will operate with existing chillers. 
According to Laserdyne, retrofit applica-
tions have the potential for increased 
processing efficiency and lower operat-
ing cost, depending on the application, 
the system’s condition and other factors. 
For example, longer life lamps are used 
in the new CL-R laser which have been 

reported by 
users of both 
lasers to lead 
to increased 
shot count 
before replace-
ment. They 
also have a 
lower replace-
ment cost.

As with all systems that it sells, 
Laserdyne supports its customers with 
timely and  complete in-field installation, 
parts and service.

Prima North America is a global supplier 
of lasers and laser manufacturing sys-
tems used in a broad range of applica-
tions including aerospace, automotive, 
military, medical, and general manufac-
turing. For over 30 years, the company 
has been a leading supplier to industry 
for both 2D and 3D laser systems and 
processes.
Contact: Mark Barry 
E: sales@prima-na.com

Machines
Prima North America announces new model CL-R pulsed Nd:YAG laser
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Winbro Group Technologies pro-
vides manufacturing solutions to the 
Aerospace and Industrial Gas Turbine 
industries, based upon Laser, High 
Speed EDM and ECM machining of 
cooling holes. Winbro provides turnkey 
systems and component machining 
services backed by extensive research 
and development.
Having served the Aerospace and 
Industrial Gas Turbine (IGT) mar-
kets for over 30 years, Winbro Group 
Technologies has intimate knowledge of 
the individual components used in the 
most demanding part of a turbine engine 
- the high pressure turbine blades, noz-
zle guide vanes, combustors and other 
similar components. 
The concept of a “Combination 
Machine”, incorporating for example 
both High Speed Drilling EDM and Laser 
Ablation, provides the perfect solution 
to machining operations on today’s HP 
turbine blades and vanes. Complex and 
intricate patterns of cooling holes are 
required on these parts which, because 
they are run at high temperatures, are 
surface protected by a Thermal Barrier 
Coating (TBC) - typically ceramic. This 
non-conductive coating is not conducive 
to the EDM process, but it is possible 
to drill through it and continue to gener-
ate the cooling hole using a high peak 
power pulsed Laser. This option can, 
however, have an impact on hole quality 
in terms of the heat affected zone (HAZ), 
recast layer and micro-cracking. 
The unique solution, pioneered by 
Winbro Group Technologies, is to first 
remove the Thermal Barrier Coating 
(TBC) and the adjoining bond coating 
at the hole location using laser ablation. 
This exposes the parent material allow-
ing the hole to be drilled using the High 
Speed Drilling EDM process. Combining 
two processes within a single machine 
brings additional benefits as there are 
no alignment issues when switching 
between the 2 operations. WGT also 
offers a combination of different laser 

types within a single machine where, 
for example, a high peak power laser is 
used for drilling operations and a fibre 
Laser used for ablation.  
With an extensive portfolio of machines, 
an in-house tooling design and manu-
facturing facility and expertise gained 
from optimising the diverse machin-
ing processes, it was a logical step for 
Winbro to set up a component machin-
ing facility at its Coalville site. The WAM 
(Winbro Advanced Machining) facility 
allows Winbro to offer a range of non 
conventional machining services to their 
customers within the Aerospace and IGT 
markets. These include process optimi-
zation and production offload. WAM can 
also be used by companies that do not 
wish to invest in the technology and gain 
the necessary industry accreditations.
WAM has developed techniques for sal-
vaging blades and vanes that have cool-
ing holes blocked or restricted by coating 
processes. The yields from this recovery 
process are setting a new precedent in 
the industry and offer a cost effective 
and rapid route to component salvage. 
WAM also offers considerable experience 
of using laser ablation for the removal 
of coating overspray, as well as diffuser 
machining in coated and non-coated 
components. Where aero or industrial 
gas turbine engine component repair is 
required, WAM is able to offer one, or 
more of its laser cladding, welding, abla-
tion and inspection technologies.
This new facility is certified with ISO9001 
and AS9100, accredited with Nadcap 
(non-conventional processes) and has 
also achieved independent customer 
accreditations with some of the indus-
try’s major blue chip OEM’s. The addi-
tion of WAM means that Winbro Group 
Technologies has achieved its objective 
of offering a complete solution to their 
customers, ranging from component 
level production to full turnkey systems. 
Contact: Richard Baxter 
E: sales@winbrogroup.com

Laser marking for LED processing

The development of LED’s is expected 
to continue over the coming decades. 
Currently one of the most promising 
markets is display backlight technology. 
There are currently two main methods of 
using LED backlighting in LCD flat panel 
televisions: LED edge-lighting and full 
array LED backlighting. The latter places 
about one hundred backlight segments 
behind the entire screen allowing for 
local dimming and providing a significant 
increase in the contrast range available. 
Each segment consists of hundreds of 
minuscule LEDs. 

As each LCD display requires a huge 
number of LEDs, their production, includ-
ing laser marking, has to be extremely 
cost-efficient, which also means fast. 
The marking demands a 0.08 mm char-
acter height, 0.035 mm line widths, 
exact positioning and marking speeds of 
more than 1000 characters per second. 
Engraving is performed within a tiny area 
and often on white plastic housings.

Rofin is one of the few suppliers who can 
reliably meet these criteria, clearly dem-
onstrated using the PowerLine E-12 SHG 
IC laser source (532 nm wavelength) 
configured with twin marking heads. 
Rofin‘s strengths include real-time com-
pensation of position tolerances, which 
is an indispensible part of a reliable pro-
duction process.

Traceability Marking of High-Power LEDs
Mass market 
production of 
LEDs for LCD 
backlight-
ing typically 
requires sim-
ple marking 
of type codes 
and connection labels, but there is a 
growing market for high-power LEDs 
which require full product traceability.

Rofin’s Waferlase systems are designed 
to meet the most stringent requirements 
for wafer marking; the PowerLine E-12 
SHG IC laser is used to engrave tiny 2D 
matrix codes, made up of spots which 
are just 0.043 mm diameter, on lead-
frames during the LED production proc-
ess and Rofin‘s PowerLine E-30 SHG 
IC laser marks the white ceramics, used 
as a substrate for LEDs, with charac-
ters just 0.15 mm high and line widths 
of 0.020 mm and ECC200 data matrix 
codes which have a 1mm edge length.
Contact: Mike Batchelor 
E: m.batchelor@rofin-baasel.co.uk

Winbro offers solutions for the Aerospace and Industrial Gas Turbine industries
The Delta Laser 
Machining 
System – Just 
one of the 
comprehensive 
range of 
machines from 
Winbro

Examples of taser machining: (a) TBC removed 
by Laser ablation; (b) Laser ablated diffuser 
shape; (c) Cross section of Laser ablation of 
TBC and High Speed EDM meter hole; (d) Cross 
section of Laser ablation diffuser and High 
Speed EDM meter hole

a

b

c

d
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Wire-guided joining processes 

Precitec is now 
offering a new 
complete solution 
for wire-guided 
joining processes. 
The “Scansonic 
ALO3” is a braz-
ing/welding head 
with a fully inte-
grated coaxial 
quality monitor-
ing system. The 
system requires 
no additional space and gives users the 
cutting edge performance of Precitec 
products. Seam geometry monitoring 
detects the profile and the position of 
the fillet welds on the lap joint and dou-
ble-flanged seams on the butt joint.

Fixture mechanisms can be optimally 
matched to the welding results, irrespec-
tive of any additional quality monitor-
ing components. The welding head 
causes no obstruction whatsoever in the 
processing area and can easily travel in 
and out between the fixture mechanisms. 
The camera required for quality monitor-
ing is integrated directly into the head. 

Profile measurement takes place a few 
millimetres behind the welding spot, 
necessitating only a minimal overrun at 
the seam end, with practically no cycle 
time loss. Frequent weld defects like lack 
of fusion, the wrong positioning of wire 
on the upper/lower metal surfaces and 
gaps between the metal sheets can now 
be reliably identified and monitored. The 
system also recognises open pores of 
0.5 mm and upwards. Monitoring takes 
place during welding, i.e. errors are prac-
tically recorded and analysed in realtime. 
Application examples here are the braz-
ing of vehicle body parts and the welding 
of aluminium with an additional wire.

The “ALO3 head” can be easily integrat-
ed into all brazing and welding systems, 
and no modifications have to be made 
when retrofitting existing systems. Seam 
guidance is both precise and wear-free. 
It takes place in the Tool Center Point 
and is carried out by means of lateral 
and vertical probe movements of the 
additional wire, enabling the welding 
spot to smoothly follow small radii and 
3D contours. Continuously variable force 
ensures that the wire is securely placed 
on the leading seam edge at all times. 

This solution takes a decisive step 
towards zero-defect production.
Contact: John Cocker 
E: johnc@lasertrader.co.uk

Applications in the medical and aviation 
sectors demand a high degree of quality 
control and process monitoring with the 
aim of achieving a zero-defect standard. 
To meet these stringent requirements, 
Concept Laser has developed a com-
pletely new type of QM system for real-
time monitoring of the LaserCUSING® 
process, also known as Selective Laser 
Melting (SLM). 

The core of this new development is a 
user-friendly evaluation of the process 
data which can in turn, be adapted to 
fulfil the documentation requirements of 
customers. Each of the individual moni-
toring systems used previously, have now 
been brought together and improved 
to enhance the level of reproducibility. 
Concept Laser’s pilot partner in this ven-
ture is the German Aerospace Centre 
(DLR) based in Cologne, Germany.

Real-time monitoring of the melt-pool
The new QM pack-
age includes real-
time monitoring of 
the melt pool at a 
microscopic level. 
LaserCUSING® is 
a micro-welding 
process work-
ing in a confined 
area (track width 
approx. 100 µm), 
building with a layer thickness of approx. 
20 – 50 µm. The melt-pool module fol-
lows the ongoing construction process 
and analysing the relevant data within 
the melt track in real time. This data is 
further evaluated and documented. 

Continuous real-time QM modules
A detached 
powder mod-
ule ensures 
consistent 
powder quality 
of the process. 
Being separate 
from the pro-
duction facility, 
the powder 
module allows 
sieving (mesh size < 50 µm) and recov-
ery of the metal powder to take place in 
parallel with the construction process. 
The powder module can also be made 
inert, ensuring a constant chemical com-
position of the metal powder. Redundant 
monitoring and regulation of the oxygen 
concentration of the process gas takes 
place in the process gas module. In 
future, this will also include monitoring 
the condition of the filter with the addi-

tional possibil-
ity of automatic 
filter cleaning. 
A temperature 
module monitors 
important, tem-
perature-sensitive 
machine compo-
nents and pro-
vides information 
about their cur-
rent state. Finally, 
the documenta-
tion module, as 
one element of 
the LaserCUSING® software, analyses 
the ongoing construction process and 
makes it possible to provide reports on 
all of the data held within the real-time 
QM modules.

Structure based on the "island principle"
A fundamental core function of these 
machines is the exposure of individual 
layers based on the "island principle". 
The process has been patented and is 
unique. Stochastically selected, the seg-
ments of a layer (so-called "islands") are 
processed successively. In the melting 
process, this strategy guarantees a sig-
nificant reduction in stresses within the 
finished component.

Expanding the boundaries for direct com-
ponent production
The QM system used within Concept 
Laser’s range of machines is also able 
to monitor the production process when 
using extremely fine titanium powders, 
such as CL41 TI, satisfying the require-
ments of ASTM Standard F136 for 
surgical implants. Other materials such 
as high-grade steels, cobalt-chromium-
base alloys or nickel-based super alloys 
are also used. 

With these latest achievements, Concept 
Laser has expanded the boundaries of 
feasibility for direct components made 
from metals and at the same time set 
new benchmarks when it comes to 
reproducibility and quality. The approach 
of analysing the level of quality in the 
process at the microscopic level dur-
ing the production of tracks is being 
consistently adopted and the use of 
finer powders is enhancing the surface 
finish that can be achieved. The high 
standards, in terms of quality and proc-
ess reliability, in the fabrication of metal 
components using the LaserCUSING® 
process, now meet the very latest and 
most demanding specifications.
Contact: Colin Cater 
E: c.cater@estechnology.co.uk

Quality management system for the LaserCUSING® process

SEM Image of the micro-
weld seam track

Machine with the separate 
Powder Module

Functional model of 
an aerospace engine 
component
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Australian-developed in-situ 
laser metal deposition tech-
nology is now available to all 
power stations, automotive 
and aerospace companies for 
component repair on their sites 
through Hardwear Pty Ltd. In 
February 2010, the Australian 
family owned and operated 
surface engineering company, 
Hardchrome Engineering Pty 
Ltd. which is based in Clayton 
Victoria Australia purchased 
Hardwear Pty Ltd as part of 
their growth plan in the Laser 
Materials Processing field. 
The ownership and manage-
ment transaction took place in 
February 2010.

Hardwear owns novel 'in situ 
laser surfacing' technology, which was 
initially developed by the Cooperative 
Research Centre for Welded Structures, 
in collaboration with key partners 
Swinburne University of Technology, 
CSIRO, Connell Wagner, WTIA (Welding 
Technology Institute of Australia) and 
ANSTO together with eleven Australian 
power stations. 

The award-winning technology com-
bines new laser, laser torch and robotic 
innovation to permit on-site laser sur-
facing of metallic components without 
the need for dismantling, off-site repair, 
replacement or protracted downtime. 
The portable laser process minimizes 
distortion and subsequent machining. 

The initial application of the technol-
ogy has been the repair of low pressure 
steam turbine blades, which suffer ero-
sion and wear on their leading edges. 
Such wear can lead to notching and 
subsequent blade failure. Hardwear's 
technology has been successfully 
applied to such blades since 2004.

Hardwear has access to leading experts 
and facilities in the areas of laser, robot-
ics and materials technology. Professor 
Milan Brandt from RMIT University of 
Technology is Hardwear's Technical 
advisor and is a Fellow of the Laser 
Institute of America. Hardwear also 
benefits from its group of metallur-
gists and laser cladding experts and of 
course many years of service experi-
ence of its new owner, Hardchrome 
Engineering in Melbourne Australia.

Hardchrome Engineering has been 
servicing the Australian industry with its 
workshop-based Laser Cladding tech-

nology, among their other surface engi-
neering processes. With laser cladding, 
no metallic part and component needs 
to be scrapped any more. A major 
advantage of this state-of-the-art tech-
nology is that there is almost no limita-
tion as to what alloy can be deposited 
on what alloy.  

Some of the other advantages claimed 
for laser cladding include: 100% 
solid deposits, porosity and crack 
free deposits, full metallurgical bond 
between the deposit and the substrate 
(damaged part), low heat input to the 
part, small heat affected zone, minimal 
dilution of the deposit into the base 
metal, zero or lowest part distortion 
possible, economically competitive with 
other more conventional techniques, 
no limit of build up thickness, deposits 
exotic materials such as stellite alloys, 
composites such as tungsten carbide/
nickel deposits for high wear resistance, 
fast turnaround times possible, 100% 
repeatable process, backed by major 
universities, research organizations and 
industry leaders.

Hardwear is prepared to carry out its 
in-situ component repair throughout 
the world in any power station or other 
industrial sites such as mines, etc. that 
require such a repair service. All enquir-
ies are carefully reviewed and discussed 
by the new management and engineer-
ing team of Hardwear with the potential 
customers and time frames and cost 
analysis are then quoted.   

Mehdi Soodi is Hardchrome 
Engineering’s Laser Cladding 
Department manager.

E: mehdi@hardchrome.com.au.

Examples of CO2 laser marking 

Painted stainless steel bottles 
Painted stainless steel water bottles are 
growing in popularity. Paint ablation is 
easily accomplished with powers as low 
as 25 W.

For this application, a 
black painted stain-
less steel water bottle 
was marked with a 
complex company 
logo with 25 W laser 
power. A 180 µm spot 
size was required to 
mark the fine detail in 
the company logo.

The resulting mark exposed the stainless 
steel underneath to create a high-con-
trast, shiny mark that was completed in a 
cycle time of 7.5 seconds per bottle.

Inverted truetype text on wood
WinMark Pro, Synrad's laser marking 
software, now includes a new Invert Text 
property for marking filled 'embossed' 
TrueType, OpenType, or PostScript for-
matted fonts.  

The wood sam-
ple shown was 
marked twice 
using a company 
logo - one with 
the standard filled 
text option and 
another with the 
new inverted, filled text option 

Laminated aluminum foil pouches
Aluminum foil with a plastic film is com-
monly used for packaging a variety of 
products. In the present context, the 
greatest benefit gained by the plastic film 
is that it facilitates CO2 laser marking of 
expiry dates, product ID etc. 

In this exam-
ple a product 
ID is applied 
to a lami-
nated poly/
aluminum foil 
pouche. A 
Synrad 25 W laser was used. The string 
of 20 characters plus the rectangular Lot 
logo, was completed in a cycle time of 1 
seconds and is highly legible. 

In the UK Laser Lines offers the com-
plete range of Synrad lasers including 
the FH Flyer Marking head and WinMark 
Pro laser marking software.  
Contact: Gary Broadhead 
E: garyb@laserlines.co.uk

Process Laser Cladding sees growth in Australia

Hardwear engineers in action: Turbine blades erosion repair 
in AGL power station in South Australia using the in-situ laser 
cladding technology
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Although CO2 lasers have been com-
mercially available for decades, signifi-
cant advances continue to be made in 
this technology.  In particular, in the past 
few years, a new generation of sealed 
CO2 lasers based on slab discharge 
technology has become successful 
because it offers a unique combina-
tion of smaller size, higher beam qual-
ity, improved processing power, and 
reduced cost of ownership. Recently the 
advantages of these lasers have been 
further increased with improved reli-
ability and even smaller packaging. This 
combination of characteristics continues 
to drive their adoption in an ever widen-
ing range of applications, including high 
speed cutting in furniture manufacturing 
Formaplan* is now utilizing the Coherent 
DIAMOND E-400 CO2 laser to replace 
saw cutting in one of their processes, 
see figure 1.  

Drawer Fabrication
Formaplan is a volume manufacturer of 
furniture parts, drawers and flat-pack 
furniture. Drawers, which are one of 
the company’s main product lines, are 
produced as individual sides and backs, 
that are then assembled by the buyer 
(anyone who has purchased furniture 
from IKEA will be familiar with this).  

Drawer sides start as individual chip-
board panels having a typical thickness 
of 12 mm, a width varying from 60 to 
300 mm, and a length of between 300 to 
750 mm.  These individual parts are then 
wrapped with a thin (<0.5 mm) adhesive 
plastic foil. The application of the foil is 
continuous, with the pre-cut wood pan-
els fed in end-to-end as shown in figure 
2. The foil must then be cut through 
completely to separate the individual 
profiles, which are then trimmed to final 
size and any necessary holes, grooves 
or other features are added.  

The panels move through the machinery 
at high speed, and the foil is applied 
and cut without interrupting this con-

tinuous motion. In the 
past, Formaplan accom-
plished the cutting using 
a mechanical saw blade, 
the blade maintaining a 
direction perpendicular to 
the part motion by simul-
taneously moving with the 
product flow. After com-
pletion of a cut the blade 
would return to its original 
position and begin again. 

Needless to say, the equipment that 
produced the rapid motion of a rela-
tively heavy (5 mm thick) saw blade was 
expensive and required a major service 
every three months. And, perhaps most 
important, the relative slowness of this 
mechanical sawing process created a 
bottleneck in panel production, which in 
turn limited Formaplan’s ability to lower 
process costs.  

Laser Cutting
Formaplan has now switched to a sys-
tem which utilizes two 400 W average 
power Coherent DIAMOND CO2 lasers 
to perform this cutting operation. The 
lasers remain stationary and galvanom-
eter scanning and focusing optics are 
used to produce a straight cut while fol-
lowing the rapid motion of the product.  
Two lasers are used so that the panels 
can be cut front and back simultaneous-
ly. They operated at a pulse repetition 
rate in the 10 to 20 kHz range, which 
when combined with the scan speed 
used, results in a continuous, rather 
than a perforated cut.  

One of the major reasons why 
Formaplan selected the DIAMOND 
E-400 laser for this application is its 
excellent beam quality. The physical 
size of the wood profiles, together with 
the distance over which they must be 
scanned as they travel, necessitates the 
use of relatively long focal length focus-
ing optics. As a result, the spot size on 
the cutting surface is relatively large (200 
to 300 µm) and the need to cut rapidly in 
order to sustain the desired throughput 
places a high requirement on the power 
at the centre of the beam. If a poorer 
beam quality were used a higher output 
power would be required, which would 
generally make the laser more expen-
sive. In fact, Formaplan's E-400 based 
system has achieved an increased line 
speeds of up to 35%, cutting production 
costs for these panels.  

Another advantage of laser processing 
is improved cut quality, see figure 3. 
Mechanical sawing produced a wide 
cut with a relatively poor quality edge 
and additional cutting was needed to 
remove the unsightly edge, as well as to 
render the part into its desired final size. 
In contrast, the laser makes a much 
finer cut, and the high mode quality and 
fast rise time of the DIAMOND E 400 
contribute to a small heat affected zone. 
As well as removing the need for an 
additional treatment of the cut parts, 
much less material is removed during 
the cutting process, thus reducing prod-
uct wastage.  

In conclusion, the switch from saw cut-
ting to laser processing has proven to 
be a profitable move for Formaplan. The 
capital cost of the laser system was 
only slightly more than the mechanical 
saw based equipment, yet it requires 
major maintenance only every four 
years, rather than every three months.  
When combined with increased process 
speed and reduced waste, the return 
on investment of laser cutting has been 
quite substantial.  

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

E: frank.gaebler@coherent.com

Compact CO2 lasers speed furniture manufacturing

* Rudolf Henrichsmeyer Formaplan GmbH & Co. 
KG, East Westphalia, Germany 

Figure 2: continuous application of plastic foil

Figure 3: A comparison of cut edge quality using 
a CO2 laser and mechanical saw.

Figure 1: 
The 
Coherent 
DIAMOND 
E-400 CO2 
laser
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Carlton laser invests in advanced CNC 
press brakes from LVD 

Continuing with its strategy of investment 
in technology, Carlton Laser Services 
of Leicester has placed an order worth 
£750,000 for three high-performance 
Easy-Form® Series CNC Press Brakes 
from LVD, bringing their spend to a total 
of £2,000,000 over the last 3 years on 
investment in technology.

Carlton Laser specializes in subcon-
tract manufacturing for many blue chip 
OEMs in the markets and industries of 
food sorting machines, medical equip-
ment, electronics & electrical cabinets 
and specialist vehicles components. The 
company is a trend setter in adopting 
and applying state of the art sheet metal-
working technology.

Realizing the need to address an increas-
ing demand for very high quality, small 
batch – short lead-time components, 
Carlton Laser representative’s selected 
LVD equipment as the best technology 
to solve current and future sheet metal-
working challenges.

Mohan Jassi, Operation Director for 
Carlton Laser, explains: “We knew we 
needed to ‘de-skill’ the bending process 
of very accurate and difficult components 
ranging from batch quantities of 1 to 100 
off’s so we set out to find machinery that 
had the very best bending technology 
within the machine".

Carlton’s key consideration was the abil-
ity to efficiently process small / medium 
size batches. 

"We concluded that LVD’s bending 
technology and the Easy-Form Laser-in-
process angle correction system out-per-
formed all of the competition. In fact, the 
parts produced by LVD with Easy-Form 
were exceptionally accurate, within our 
target of ±0.4',” said Jassi.
Contact: Chris Phillips 
E: c.phillips@lvduk.com

Job Shop

At the European Automotive Laser 
Application Show in February 2010 
Trumpf introduced its new concepts 
for the use of laser in the automotive 
industry.  Its experts were on hand to 
comment on the cost benefits of vari-
ous lasers in this sector. 
Diode instead of lamp?
With good reason many manufacturers 
are debating whether to continue using 
their lamp-pumped solid state lasers or 
replace them with diode-pumped disk 
lasers and diode lasers.  
Lamp-pumped lasers have been used 
for welding, cutting and soldering car 
bodies for about ten years. “While 
lamp pumped solid state lasers dem-
onstrate about 3% efficiency, Trumpf 
TruDisk lasers achieve more than 25% 
and the Trumpf TruDiode, more than 
35%,” explained Rüdiger Brockmann, 
Automotive Manager at Trumpf Laser 
Systems. “The possible savings in elec-
tricity usage alone are immense and 
could amount to several tens of thou-
sands of Euros per laser per year for a 
three-shift operation.”
“The cost benefits are also preserved 
if you include the investment costs for 
the laser and accessories,” he adds.  
“Whether the disc or diode laser is bet-
ter technology depends on the needs of 
the customer.  Disc lasers have higher 
energy costs than diode lasers due to 
their lower efficiency.  However, the disc 
laser is the more flexible tool because it 
can be used not only for deep welding 
and soldering, but also for remote weld-
ing and cutting.”
The comprehensive platform of laser 
beam sources that Trumpf provides 
allows the company to work closely 
with customers to offer the best laser 
solution for their application.

Innovative tube and profile designs 
reduce component costs
“Less weight, lower costs, better mate-
rial utilisation, fewer parts and a one-
piece flow,” is how Klaus Löffler, Head 
of Branch Management at Trumpf Laser 
Systems, described the benefits of tube 
and profile design in automotive manu-
facturing over traditional laser welding 
and cutting. “It allows flange-free struc-
tures that can be manufactured and 
easily joined together using an inter-
locking feature. No special equipment is 
needed to accurately join the tubes.”
In addition, special tube-bending tech-
nologies make it possible to reduce the 
number of parts needed to produce 
a structure. This saves material costs 
and even the creation of three-dimen-
sional structures is possible using this 
method. “The process chain for inno-
vative design begins with tube weld-
ing, then laser cutting, bending, tube 
assembly and laser welding. And the 
finished component is then sent just-
in-time to the assembly line,” Klaus 
Löffler adds. “This formula can also be 
used for newly designed components 
without the need for additional tool-
ing.” Additionally the laser results in 
considerable cost savings per compo-
nent compared to conventional welding 
methods.
Optimised laser weld shapes for body-
in-white joining
Together with the steel company 
ArcelorMittal, Trumpf has investigated 
the effect of weld seam geometry opti-
misation on the stability of advanced 
high strength steel based assemblies. 
These steel grades are becoming 
increasingly important in car body con-
struction because they demonstrate 
better crash properties at reduced 
weights and therefore comply with cur-
rent challenges that are facing the auto-
motive industry.
The Automotive Applications Research 
Centre at ArcelorMittal has shown 
remote laser welding can produce the 
widest variety of seam geometries with-
out having to sacrifice production times.  
Resistance spot welding does not offer 
this freedom. The results of the study 
clearly speak in favour of the laser as 
an excellent complementary welding 
tool for high tensile steels with C- or S- 
shapes producing the best stability. 
Contact:  Gerry Jones 
E: g.jones@uk.trumpf.comNew technologies such as disk lasers and diode 

lasers are many times more energy efficient 
than lamp-pumped lasers

Trumpf introduces new concepts for the use of laser in automotive manufacturing

Chris Phillips (Left) – Managing Director of LVD 
Limited and Mohan Jassi (Right) – Operations 
Director of Carlton Laser Services
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Cirrus Laser have become the first in 
the UK and indeed one of the first in 
the world to invest in the new Trumpf 
TruLaser 5030 fibre. This fibre-guided 
solid state 2D laser cutting machine 
promises great things, capitalising on all 
the benefits associated with the Trumpf 
disc laser.

In the competitive world of subcontract 
laser cutting, the latest manufacturing 
technology is king. Cirrus Laser is now 
one of the UK's leading job shops and its 
TruLaser 5030 fibre order follows a suc-
cession of new technology investments.

“To remain competitive our prices must 
be sharp and that means we have to 
make more quality parts faster, using 
the best technology available,” explains 
MD David Connaway. “Our leasing pro-
gramme is structured so that we install 
the latest generation machine almost 
every 2.5 years and I’m even looking to 
tighten up on that frequency.”  

The Trumpf TruLaser 5030 fibre will be 
installed at the company’s Burgess Hill 
factory in late Autumn 2011, coinciding 
with the end of its lease on a TruLaser 
3030.  This latest generation machine 
provides the lowest possible parts cost 

in thin sheet processing and incorpo-
rates proven features to reduce non-pro-
ductive times significantly. But compo-
nent pricing is sensitive to many factors 
beyond machine productivity and for 
some time, solid state laser technology 
had commanded David’s attention for its 
greater energy efficiency.  

“With solid state, I eliminate the cost 
of high purity resonator gases and I 
significantly reduce power consump-
tion to 40% that of a comparable CO2 
laser system; indeed the 3 kW laser on 
the new TruLaser 5030 fibre gives me 
exactly the same cutting performance as 
its 5 kW CO2 counterpart,” said David.

Greater energy efficiency delays the 
need for Cirrus to invest in its own elec-
tricity sub-station to power its capital 
purchases. Also the TruLaser 5030 fibre 
occupies 20% less space than its CO2 
equivalent. "I could accommodate three 
of these new machines in the space 
needed for two CO2 machines which 
means I don’t have to factor in moving 
premises in order to increase my pro-
duction,” David adds. 

With such a keen eye for new technol-
ogy it is unsurprising that Cirrus Laser 

is also bridging the gap between now 
and the arrival of the TruLaser 5030 fibre 
with another investment. In August this 
year the company will take delivery of 
a Trumpf Compact Loading System to 
increase productivity on its TruLaser 
3030 flatbed laser cutting machine.

“With our space constraints this pro-
vides the best answer for us,” David 
concludes. “This will allow us to run the 
flatbed unattended, around the clock.  
And eventually it will be transferred onto 
our new TruLaser 5030 fibre to increase 
its productivity even more.”
Contact: Gerry Jones 
E: g.jones@uk.trumpf.com

Laser subcontractor leads the UK in solid state laser cutting

(l to r) Scott Simpson Technical Director of 
Trumpf UK, Cirrus Laser MD David Connaway 
and Hartmut Pannen, MD for Trumpf UK
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It was no laughing matter when TV fun-
nyman Rob Brydon came face-to-face 
with his image as crafted by a Cannock 
firm. The Gavin and Stacey star said it 
was an honour to have been immortal-
ised in the life-sized steel sculpture.

Rob was keen to set eyes on the steel 
art work made by Cannock-based laser 
cutting subcontractor Laser Process, 
which has just been unveiled near the 
comedian’s hometown in South Wales. 
The steel sculpture of the comic sits 
alongside figures of acting legend 
Richard Burton and forest ranger Dick 
Wagstaff, all heroes to the community in 
the town of Cwmafan near Port Talbot. 

The steel silhouettes have been placed 
alongside a new cycle and footpath con-
necting Cwmafan and Port Talbot, run-
ning through the Afan Valley.

It is all part of a national project called the 
Portrait Bench - from sustainable trans-
port charity Sustrans, one of the largest 
commissioners of public art in the UK.

Laser Process will be involved in making 
more than 200 of the figures of celeb-
rities and local heroes as part of the 
project, which will be displayed at more 
than 70 sites alongside new cycling and 
walking routes from the Highlands to the 
south of England.

Managing director of Laser Process, 
Dave Lindsey, said: “It’s great that Laser 
Process craftsmanship has raised a smile 
with Rob Brydon, we’re just pleased he’s 
happy being turned into steel.”

The figures are cut from corten steel, like 
the famous Angel of the North, so that 
they will rust and weather to become a 

natural part of the landscape.

Contact: David Lindsey  
E: dl@laserprocess.co.uk

‘As a direct result of the solution deliv-
ered by Acorn IT Solutions, we can 
directly attribute a saving of 25 man 
days per month. In addition, we have 
realised savings on raw materials, 
energy and reduced waste’, said Mark 
Hutchinson, MD of  SJC Hutchinson 
Engineering Ltd of Coleraine, Northern 
Ireland.

Business Challenge:
Established in the late 1970's, 
Hutchinson’s provides a fabrication 
service to the local agricultural com-
munity as well as to industry throughout 
Ireland and the UK. Substantial invest-
ment has been made in state of the art 
laser cutting, folding and fabrication 
machinery and 3D modelling packages. 

Prior to engagement with Acorn, 
Hutchinson’s production process was 
primarily manual with jobs issued on 
a handwritten sheet, with no product 
traceability and high administration. 
Issues included:

• Inability to accurately cost the manu-
factured product.

• No traceability of products on the 
shop floor. 

• Over stocking. 
• Poor stock management.
• No stock control. 
• No auditing of order status through 

the manufacturing process.
• No customer revision control. 
• High administrative costs with double 

entry of sales orders and manufac-
turing information.

• High volume of waste due to raw 
material not being fully utilised.

After an initial consultation period Acorn 
developed and implemented a MPM 
(Manufacturing Process Management) 
solution to address the above issues. 

Solutions
Post implementation the main benefits 
Hutchinson’s achieved were:
• Manufacturing the right items faster. 

MPM gives programmers full visibil-
ity of products to be manufactured. 
Manufacturing can be prioritised.

• Material management. MPM shows 
buyers the total raw material 
required to satisfy all products being 
manufactured.  

• Real time stock. With true stock 
control and real time stock manage-
ment a scheduler knows the prod-
uct to manufacture based on true 
requirement.

• Stock Management. Purchasing 
understand the level of stock 
required to fulfil work in progress.  

• Nesting the sheets. MPM allow the 
programmers to nest their product 
appropriately in a sheet and maxi-
mize the amount of the sheet used. 
With MPM they can see what other 
products are required for manufac-
ture from the same raw material.

• Traceability. MPM creates a label 
for all component parts detailing 
description and revision number. 
This means all products on the shop 
floor are easily identified. 

• Waste Reduction. MPM provides 
programmers with a top level view 
of the total manufacturing require-
ments. 

• Accurate product delivery dates

MPM integrates directly with Sage 200. 
This has eliminated double entry on 
stock, bill of materials, customer sales 
orders, work sheets etc. The bill of 
material module allowed Hutchinson’s 
to use functions such as BOM explode 
and allowed Hutchinson’s to produce all 
the parts within a BOM and assemble 
the finished product for dispatch. 

Implementation
MPM fully integrates into Sage 200 
Financial and Commercials, provid-
ing a single business tool to manage 
Accounts, Stock and manufacturing.

Stage 1: Hutchinson’s accounts system 
was upgraded to Sage 200. 

Stage 2: An order import routine loaded 
orders from Hutchinson’s main custom-
ers into Sage 200.  In-turn these orders 
were then available for manufacture via 
MPM.

Stage 3: MPM was introduced.  

‘Since installing the MPM system, we 
have seen many benefits to our internal 
processes. Acorn have worked to an ini-
tial brief, we have found their response 
excellent and would highly recommend 
them,’ said Mark Hutchinson
Contact: Acorn IT Solutions Ltd  
E: info@acornitsolutions.com

Rob Brydon waxes poetic over Cannock made sculpture

Comic Rob Brydon with his steel sculpture made 
by Cannock firm Laser Process

Picture: Peter Know
les

Saving 25 man-days a month by IT investment 
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Following the 
Greatest Cock-up 
in the last issue, 
retired laser pioneer 
and AILU Award 
winner Dave Stroud 
describes a second 
salutary lesson. 

In 1982 when Rolls-Royce were com-
missioning their first laser drilling 
system, it was decided that a compre-
hensive set of acceptance trials should 
be carried out at the laser suppliers 
premises in order to minimise the tri-
als to be done once the system was 
installed in house.

The trials included drilling a variety 
materials with holes of diameter rang-
ing from 0.5 mm to 1.0 mm  and with 
the test pieces set  at various angles. 
As the laser nozzle was to be in close 
proximity to the work piece an anti 
crash device had been designed; this 
too had to be tested before acceptance 
and finally a 12 hour endurance run was 
to be carried out.

The drilling trials and the nozzle protec-
tion were carried out to the satisfaction 
of the R-R engineers. Then came the 
12 hour endurance test. The test was to 
drill as many rows of holes as possible 
during the period and the only conces-
sion to stopping the system was to 
change the gas supply and to check the 
cover slides. The programme for this 
was written at R-R and dry run tested at 
the suppliers: all went well. 

After each row of holes had been com-
pleted all of the systems axis would 
return home at rapid feed. The next row 
was to be drilled at a half pitch to the 
last one so giving an echelon pattern. 
The last operation of this sequence was 
the work piece moving back along the 
Z axis at rapid feed into the start drilling 
position, 2.5 mm from the laser nozzle. 
The drilling would then continue.

I had dry run this sequence many times 
from a slow feed rate to fast one in 
order to ensure that nothing untoward 
would happen, but unfortunately the 
laser supplier's engineer had only seen 
part of the endurance programme. On 
the day of the test he had some other 
business to attend to so I started the 
test with another engineer in attendance 
until he returned. When he eventually 
arrived the test was 25% completed 
without any problems.  He was just in 
time to see the completion of a row and 
the full homing and re-setting sequence 
in all its glory. 

I was a little remiss in not telling him 
of the rapid acceleration of the Z axis 
towards the work piece, because as it 
did so, the look of horror on his face 
was a picture and he made a move 
towards the nearest emergency stop 
button. I did manage to stop him press-
ing it so letting the test continue. He 
called me a rather rude name and left 
the test area.

Yes we did speak after that little inci-
dent and the test was completed with 
only a very minor hitch.

Greatest Cock-up

Training

Laser helps student design her career

Leaving school at the age of 15 with 
no real plan of what to do next, Rachel 
Faulkner took a year out of education to 
consider the options available. She used 
this time to focus on her real passion, 
art,  and set out her future career aspira-
tions – a profession in art and design.

Rachel’s first step was to join Bournville 
College, enrolling on the BTEC National 
Diploma in Art & Design. By the end of 
her course at Bournville, Rachel had 
developed a strong interest in fash-
ion and enrolled to do a BA (Hons) in 
Textiles and Fashion at the University 
of Wolverhampton. During the course, 
she took part in exciting projects such 
as production of a clothing and acces-
sories collection for the Clothes Show 
at the NEC and Andy Warhol’s prints for 
Wolverhampton Art Gallery. Rachel also 
designed a beautiful but complex piece 
of jewellery which required specialist 
cutting equipment to produce the item.  
When laser specialist Rofin-Baasel UK 
heard of her dilemma they were delight-
ed to offer their services and laser cut 
the intricate patterns and features on her 
jewellery piece, shown above.

Rachel finished her degree and displayed 
her final collection at the ‘New Designer’ 
show in London in June. Hopeful her 
dream job is just round the corner now.

"Looking back now, everything fitted 
perfectly," said Rachel. "If I hadn’t gone 
to Bournville College I wouldn’t have got 
to university. The BTEC course was the 
starting point for it all. My art tutor was 
amazing. She encouraged me to aim 
higher than I’d ever imagined.’ 

Fiona Henderson, Curriculum Leader for 
Art and Design at Bournville College and 
Rachel’s tutor added: ‘I am delighted 
with Rachel’s achievements. I believed 
in her from day one and knew she had 
the ability to go all the way. This is what 
Bournville College is about – unlocking 
students’ true potential.’ 
Contact: Dave MacLellan 
E: sales@rofin.co.uk

Training programs announced for 
Laserdyne Systems

Laserdyne Systems has launched a new 
training series for the line of Laserdyne 
Multi-axis laser systems. “Empowering 
Laserdyne Users to Go Beyond Others” 
is designed to expand user knowledge, 
creativity and efficiency for operating 
Laserdyne systems more competitively.

“We’ve gained a wealth of knowledge 
in our work over the past 30 years and 
want to bring it to users world-wide”, 
stated Terry VanderWert, President of 
Prima North America. “Laserdyne has 
always provided customer training, but 
system operators come and go, and 
the knowledge is not always transferred 
efficiently. Operators can stagnate and 

not take advantage of new software 
and hardware, and may not be aware of 
emerging applications and techniques.”

The Laserdyne Empower Training 
Programs are available in the follow-
ing curriculums: 1) Laser Applications, 
Beginner and Advanced, 2) System 
Programming, Beginner and Advanced, 
3) Laser Maintenance, and 4) Motion 
System Maintenance. The training pro-
grams are two days long for each and 
available for users on site worldwide 
or available at the Laserdyne facility in 
Champlin, Minnesota.

Laserdyne is offering a 35% discount for 
all seminars during 2010 and additionally 
offering multi-attendee discounts.

E: sales@prima-na.com

Rachel’s 
Jewellery Piece, 
designed in 
stainless steel 
and cut by laser
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From your many years in the UK laser 
industry what do you see as the most 
significant changes or developments? 

Most of the UK markets that Rofin are 
involved in have seen regular gradual 
changes over the last 20 years or so, 
which when viewed in retrospect fit into 
several patterns:

• Efficiencies, especially for solid state 
lasers, have improved. 20 years ago 
all Q-switched YAG lasers, which 
were already widely used for mark-
ing and resistor trimming were 
lamp-pumped, offering a ‘wall plug’ 
efficiency of about 1.5%. With the 
advent diodes for side- and then 
end-pumping, followed by fibre 
lasers, and for some applications, 
direct diode lasers, we’ve seen that 
figure improve by a factor of 20 or 
more.

• Shorter pulse durations are now 
available for industrial applications 
at relatively affordable prices. Those 
Q-switched YAG pulses from lamp-
pumped lasers were rarely shorter 
than 60ns and ultrashort lasers were 
complex lab-only tools. Today we 
can select from TEM00 YAG lasers at 
a few ns, solid state or fibre sources 
at ps and even robust all-fibre fs 
sources for fine, cool cutting.

• Compact, stand-alone, 'eye-safe' 
laser tools for the workshop or fac-
tory have become widespread. As 
costs, efficiencies and package size 
have all improved, companies like 
Rofin are able to offer solutions to 
the end user in volume, reaching 
commodity level reliability and price. 
Who would have thought 20 years 
ago that ordinary High Street jewel-
lers would buy laser welding work-
stations, powered from 13A socket, 
in huge volumes? Or that a job shop 
or tool insert repairer could buy a 
full 3-axis high power CNC welding 
workstation for less than £70k?

What are Rofin’s core strengths when 
compared to your competitors and how 
do you intend to build on these strengths 
to gain greater market share? 

Rofin’s core strengths are a consequence 
of a long pedigree in the laser industry 
(almost 35 years) and continuous growth, 
both organically and by strategic acquisi-
tion. Those strengths include:

• An extraordinarily broad industrial 
laser portfolio. We promote ourselves 
as an ‘Open Minded Consultant’ 
because we are often able to find a 
range of possible laser solutions for a 
new application, and are able to pitch 
the pros and cons of each so that the 
customer can choose the right one. 

• A solutions-based approach that 
means that we offer source-only 
or a turnkey solution to customers, 
depending on the market in question. 
Rofin pioneered complete solutions 
for stent cutting and web materi-
als processing (perforating plastics 
and paper on-the-fly in reel-to-reel 
machines), and largely created mar-
kets for some applications such as 
jewellery/dental welding and injection 
mould tool repair.

• A great name for quality which is sup-
ported by a complete international 
service support network. When a 
major car or electronics company 
sources seam welders or laser mark-
ers in volume, they want to know that 
they can get local, on-site support 
whether they choose to move the 
production facility to Poland, China, 
Mexico or Taiwan. Rofin provides this.

• On a more detailed technical level, 
a big chunk of our business is still 
based on our unique CO2 ‘slab’ tech-
nology. At low powers we offer com-
pletely sealed CO2 lasers, built at our 
Hull facility and at higher powers we 
offer an extension of the slab technol-
ogy for powers from 1 kW to 8 kW. 
The DC Series has proven to be phe-
nomenally reliable in the field and we 
now have many thousands installed.

We maintain these advantages largely 
by continued investment in R&D and 
by maintaining a driven and motivated 
workforce, upon whom we entirely 
depend for innovation and customer 
care. Rofin therefore needs to be a good 
company to work for and needs to focus 
on looking after our customers.

Which manufacturing sectors and appli-
cations do you find particularly exciting at 
the current time and which do you see as 
presenting the greatest opportunities for 
future laser sales?

Without doubt in the current climate (pun 
partially intended), the most exciting 
applications are in the field of energy. This 
includes traditional arenas – who wouldn’t 
want to make primary oil and gas extrac-
tion technology safer with laser welded 
pipe liners? But it is largely in new green-
er energy businesses that new opportu-
nities abound. Most obvious is the field 
of photovoltaics where a wide range of 
our lasers are used to make silicon solar 
cells, thin film solar panels and the newer 
reel-to-reel flexible solar technologies. 
Lasers are indispensible for various pat-
terning tasks, through-hole drilling, edge 
isolation and edge deletion. In other solar 
activities, thermal collection technologies 
are evolving and use lasers to rapidly 
weld elements of heat exchangers.

Lasers are ubiquitous in energy fields 
such as battery and fuel cell production; 
cutting, welding and drilling components 
on industrial scales to meet the growing 
needs for electricity storage and gen-
eration. The know-how gained from a 
decade of installing welders in factories 
making MP3 player housings and mobile 
phone batteries, can be applied to mak-
ing electric cars (or their batteries).

Laser systems for the 21st Century 
Interview with Andy May

The MD of Rofin Baasel UK reflects on future opportunities for industrial 
systems

The AILU INTERVIEW
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Do you think the current focus on envi-
ronmental issues and climate change is 
likely to have much of an impact on the 
sales of Rofin sales?

The previous answer covers much of 
this question too. Looking forward, it is 
hard to see how a move towards renew-
able energy sources can fail to benefit 
laser and laser system manufacturers 
and the fast-moving world of personal 
electronic devices produces opportuni-
ties with every new product release. 
Lasers can help produce screens on 
electronic devices that demand reduced 
power consumption. Early successes 
in the fight against climate change and 
environmental damage include the ban-
ning of CFCs and volatile solvents. New 
generations of heat exchangers benefit 
from modern designs using laser weld-
ing and cutting. Solvents of all types are 
being ditched and engineers have begun 
to look afresh at new means of welding 
plastics (i.e. laser) and new means of 
etching metals (i.e. laser).

It is remarkable how each bit of envi-
ronmental legislation seems to benefit 
the laser industry – even the banning of 
lead in solder meant that higher solder 
temperatures are generally required; the 
laser is an excellent means of being able 
to easily reflow solder paste or even 
weld components to PCBs without heat-
ing adjacent components.

How do you see the future for the vari-
ous primary solid state laser technolo-
gies (direct diode, lamp-pumped rod, 
diode pumped rod, fibre and disk) pan-
ning out?

I am usually struck by the relative resil-
ience of older, proven technologies in 
the face of newer generations; it can 
take years for the latest laser source to 
gain full acceptance. Rofin aims to be at 
the forefront of cutting edge laser devel-
opments whilst still supporting products 
in the field which have been superseded. 
Witness the fact that we still sell Q-
switched lasers which are lamp-pumped 
– there are niches where plenty of 
multimode power from an inexpensive 
source, which is entirely field-service-
able, are still desirable characteristics. 

The key characteristic of many markets 
is not so much a question of ‘ultimate 
domination’ of just one source, but a 
fragmentation of applications which 
require a diverse range of lasers to opti-
mally meet them all. I loathe the phrase 
‘horses for courses’ but people under-
stand it.

The AILU INTERVIEW

In detail, I see direct diode as having 
good growth prospects – we’ve seen 
increasing applications for Dilas’s fibre-
delivered compact sources for plastic 
welding, metal welding and heat treat-
ment now that the power densities 
achieved in fibres are so much higher. 
It is not always necessary to take this 
output and put it through a lossy mono-
chromator such as a doped fibre optic 
resonator! Lamp-pumping will continue 
its slow decline. Diode pumped rod 
lasers will slowly lose out to fibre lasers 
as the latter develop further, but fibre 
lasers need to improve substantially 
before they supersede pulsed YAGs for 
many welding operations. Fibre lasers 
will continue to grow and diversify. Disc 
lasers will probably remain a bit of a 
niche; certainly our TEM00 Q-switched 
disc source can easily surpass any fibre 
laser out there at present in terms of the 
rate of drilling holes in thin metal and sil-
icon, but those applications are relatively 
few. Rofin is probably the only company 
that makes every one of the listed laser 
types!

The UK has a healthy R&D community 
in laser materials processing yet statis-
tics for laser sales indicate that the use 
of industrial lasers per unit of manu-
factured output is only 10-15% that of 
Germany’s. Why do you think this might 
be? Are there any industrial sectors 
where you think the case for using lasers 
in manufacturing is still to be made in 
the UK?

I’m not sure where to start and how 
macroeconomically I should extend my 
answer to this one! One can consider 
the ‘usual suspects’ such as:

• short-termism of investors (versus 
Japanese long-termism)

• too many accountants/too few engi-
neers in charge of businesses (ver-
sus Germany)

• we do not have an equivalent of 
Germany's Fraunhofer Centres

• the decline of apprenticeships in 
favour of university degrees in media 
studies (versus Germany’s persist-
ence with apprentices)

I dare not to tread much further in pub-
lic onto the edge of politics, but there 
may well be some truth in each of these 
clichés. If I were to risk alienating those 
who believe otherwise with one sugges-
tion for the government, it would be that 
the government’s role should in the main 
be limited to macroeconomics. Business 
people want a climate in which they can 
plan and profit fairly from success – this 

means they want predictable and low 
interest rates, tax rates and inflation. It 
is an inevitable consequence of lower 
tax rates (personal and business) that 
the UK becomes a better place to locate 
industry; this means jobs.

Where I think the state should reduce its 
involvement, and therefore save money 
to fund a lower take or a better educa-
tion budget, is in the arena of ‘trying 
to pick winners’. Should our money be 
spent on consultants, quangos, support 
bodies, government sponsored training, 
etc.? Grants are offered to businesses 
of certain types or in certain locations 
with the very best of intentions and yet 
many business people eschew them 
as experience has shown that the time 
(= money) they spend jumping through 
the necessary hoops to win the grant is 
just too wasteful. 

Fewer, larger scale initiatives to encour-
age change could however be consid-
ered: an attractive feed-in rate to encour-
age micro electricity generation in busi-
nesses and households is likely to be a 
good idea and should be more efficient 
than all manner of training and grants 
and bureaucracy with the same aim.

How do you see the range of job shop 
laser activities evolving, and in which 
application areas?

The UK has always had a decent 
number of small independent laser pro-
filing job shops. In fact to most people I 
daresay that a ‘laser job shop’ is a sheet 
metal profiler. However, there is scope 
for some jobshops to consider investing 
in technologies that can serve some of 
the most modern and highly technologi-
cal businesses which we need to breed. 

The essence of a subcontractor’s role 
is that he invests a relatively large sum 
in capital equipment in order to serve 
many customers who could not individu-
ally justify operating such high cost/high 
throughput machines themselves. There 
are surely systems other than flatbed 
CO2 profilers that still use lasers and 
meet this criterion? Perhaps frequency-
multiplied laser markers or drillers, laser 
welders or short-pulse micromachining/
drilling systems? Or powder bed metal 
additive manufacturing systems?

We are surely fortunate to be involved 
with such a product, which after 50 
years can still throw up surprises and 
new opportunities!
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AILU's Micro:Nano Special Interest 
Group brings together researchers, 
product and service providers and end 
users with an interest in micro/nano 
laser processing applications and tech-
nologies.

To say we live in interesting times is 
perhaps an understatement. 2010 has 
brought about a modest recovery but 
there is still a general nervousness and 
whispered references to the risks of a 
“double dip”... And recovery is being 
hampered by a global shortage of basic 
electronic components. Who would 
have thought that production and sup-
ply of complex laser processing systems 
would be slowed down by lack of sim-
ple resistors and capacitors! In amongst 
all this, the humble laser has celebrated 
its 50th birthday with a steady stream of 
advocates telling how the half century 
of applications have helped shape the 
world in which we live.

The macro element of laser materials 
processing has been hardest hit whilst 
micro-processing felt the recession but 
activity has been supported by sectors 
such as medical and scientific, and 
signs are good for a strong recovery 
with predicted growth rates above the 
laser sector average. The semiconduc-
tor and electronics manufacturing sec-
tors are moving into a new round of 
capital purchasing and laser processing 

systems will prove to 
be high on the shop-
ping list. Specific 
markets such as the 
manufacture of OLEDs 
will provide significant 
opportunities for laser 
processing technologies. The solar sec-
tor is also set for a strong comeback 
and looks set to get back on its pre-
recession hockey-stick growth. Other 
alternative energy sources such as fuel 
cells are also set to grow. Consumer 
electronics are also driving demand 
for laser processing systems, with the 
success of the iPad, iPod and iPhone 
spawning a plethora of lookalikes.

So where does this leave us in the 
Micro:Nano Special Interest Group? 
We are in a somewhat fragmented and 
highly innovative sector in which there 
is always something new coming along. 
What we hope to provide is a forum for 
members to share knowledge based on 
markets, technologies and processes, 
through sector specific workshops, net-
working events and meetings. I would 
like to encourage all AILU members 
working in this sector to participate 
through the magazine, website and 
workshops so that we can keep pace 
with developments and advance the 
use of laser micro-processing in the UK.

Chairman's report
Jack Gabzdyl, the new Chair of the Micro:Nano Group, looks to 
future growth in micro-processing Firstly let me take this 

opportunity to thank 
Stewart Williams for 
his last two years as 
President of AILU. 
During this period 
Stewart steered the 
association through 
some significant 
changes, includ-
ing access to Knowledge Transfer 
Network funding and changes in the 
way the AILU committee operates.

As I take over from Stewart, we have 
a new Government in the UK, there 
is talk of a double dip recession and 
it is clear that there will be significant 
cuts in public expenditure. An obvious 
question is ‘How will this affect AILU?’ 
The answer is simply that we do not 
know, but a key issue in the com-
ing months will be to maintain AILU 
Membership. 

At the recent AGM, Mike Green pre-
sented figures which showed that 
we were now experiencing a reduc-
tion in membership numbers, some-
thing which has not really happened 
before. This is at a time when AILU is 
extending the services it offers to its 
membership. We now have an even 
better web-site, we have introduced 
the e-newsletter, the magazine goes 
from strength to strength and we are 
also in the process of instigating a 2 
day conference, here in the UK, on 
laser materials processing.  I would 
like to encourage all current members 
to positively consider these and the 
other networking benefits presented 
by AILU, when you receive your next 
membership invoice.

If the level of service provided is to be 
maintained, then we can only do this 
by turning round the recent reduction 
in membership. In respect to the lat-
ter, I am sure this topic will also be 
of major concern to the members of 
the AILU steering committee, without 
whose help and assistance, the asso-
ciation could not offer the services it 
does today. 

Paul Hilton

PRESIDENT'S MESSAGE

AILU magazine goes electronic

The AILU magazine is now available in the 
members area to read online at the AILU 
web site. Simply log in to the members 
area and an 'emagazine' entry will appear 
in the left hand links column of the page.
A recent magazine readers survey found 
that about 40% of members would like to 
have the magazine available electronically.

WELCOME TO NEW  
CORPORATE MEMBERS

Applied Laser Engineering Ltd 

Blackburns Metals Ltd

CTRfuture Ltd

Electro Scientific Industries 
Europe Ltd

InnoLas (UK) Ltd

Ionbond Germany GmbH

ipLaser

Lincat Ltd

Salvagnini UK and Ireland Ltd
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It was an honour 
to be elected Vice 
President of the 
Association at the 

recent AGM, and it's perhaps more than 
a coincidence that it's only a couple of 
months over twenty five years since I left 
Imperial College, doing my PhD with Bill 
Steen, and went off to work for Control 
Laser Ltd. I arrived on the same day that 
Paul Hilton started as the new R&D man-
ager. Bill was, of course, our first and 
longest running President and Paul is 
once again President of the Association. 
Both have contributed much to the laser 
industry and to AILU. Its been a pleasure 
to work with them and I look forward to 
supporting Paul as president. 

One of the recent contributions I was 
pleased to make for AILU was a pres-
entation at Mtec 2010 in late April and 
another at MACH 2010 in early June, 
both at the NEC. In each case I spent 
the remainder of the day on the AILU 
exhibition stand; both were very “slow” 
days, which was a little worrying. 

Mtec was part of the Advanced 
Manufacturing show, alongside  
MEDTEC. By 3 pm on the day I was 
there it seemed that the only people 
walking round the show were fellow 
exhibitors. Most felt the same way as 
I did. MEDTEC was equally quiet and 
some were even questioning whether 
they would exhibit at the next one. 
Things were a bit brighter at MACH but 
still quieter than previous years.

Most people put this phenomena down 
to the economic climate. Quite sim-
ply people cannot justify the time and 
expense to attend these events. They 
are busy working hard to keep their busi-
ness alive and meetings and exhibition 
visits can only be justified where they 
contribute to business generation.

Similarly, the recent AILU tutorial on sur-
face analysis was a very “intimate” affair. 
Numbers were limited but even so there 
was room for more on the day. I received 
many emails supporting the event, but 
often with the comment 'we wish we 
could be with you as well'. 

The thing that worries me most about 
these observations is that they could be 

pointing to a time when there will be no 
such events. Exhibition organisers are 
commercial bodies. Perhaps they can 
book less space for the next exhibition 
and still make a profit, but at some point 
they have to drop the event. For AILU 
events there is a similar issue. Mike, Liz 
and Pauline are having to work harder 
each year to get people to meetings. 

One key area where AILU needs such 
support is for the forthcoming ILAS 
symposium. As you read this piece the 
abstract deadline of the end of July may 
already have passed but what I can say 
is that as of mid July there had been a 
very slow response.  Some readers will 
remember the Lasers In Manufacturing 
(LiM) conferences held in the UK in the 
Eighties2. LiM did not last due to lack 
of support and dwindling attendances 
but we must not let history repeat itself. 
More than ever manufacturing industry 
in the UK and in most other countries 
needs to embrace laser technology in its 
fight to meet the challenges of the 21st 
Century. So, in the case of ILAS, if the 
UK laser community doesn’t give the 
time and effort to strongly support the 
UK's only national conference in laser 
materials processing then it will indeed 
be letting UK industry down. 

Attending and presenting at events is 
only part of the picture of support that 
AILU is in need of. One of the other 
main areas is providing material for this 
magazine. Recently Mike circulated an 
email to UK academic members asking 
if they would try to provide more arti-
cles for the magazine. The RULARDO 
report1 identifies 16 “premier league” 
laser research groups in the UK but in 
the past 12 months they submitted only 
7 articles between them. When I checked 
the “Web of Science”, an academic 
database of journal papers, I found 60+ 
publications from these groups in the 
same period, not to mention PhD theses. 
I appreciate Mike’s frustration!

Surely between publications and theses 
there is more than enough material avail-
able for the AILU magazine to be filled 
with good quality member-originated 
articles? 

On a related point, I note that there are 
very few PhD students that are AILU 

student members. At £25 per annum it 
seems reasonable that this might even 
be funded from the group budget, which 
is what I have done for our first PhD 
student. I appreciate that there are some 
groups with 10 or more PhD students 
involved with laser material processing 
and that financial control of accounts in 
universities may make it impossible for 
such payments to be made. However, 
that doesn’t stop academics from 
encouraging their students to join them-
selves - £25 is less than the cost of a 
night out these days! l And the real point 
is that student members have a lot to 
gain from membership, not least of which 
is networking opportunities.

But I don't just want to single out aca-
demics. We have over 250 corporate 
members. If each one of these compa-
nies committed to prepare one article 
every four years that would be around 
15 articles per magazine. A headache 
I am sure Mike would love to have. On 
the back of that article how about if each 
member would commit one talk every 
four years at an AILU event too?

But most of all, how about if every mem-
ber attended at least one event a year? 
I do not underestimate how difficult this 
can be, but surely not impossible. If its 
not possible for the individual to attend a 
particularly relevant meeting, then maybe 
a colleague could attend? And if the cur-
rent programme of meetings don’t meet 
a member's particular needs then they 
should let the AILU office know what 
would!

Martin Sharp 
Liverpool John Moores University

E: m.sharp@ljmu.ac.uk

Backing AILU
Personal 'opinions' on matters laser by Martin Sharp, an industrialist turned academic

1. The RULARDO report 'R&D in Laser Materials 
Processing', published in late 2008 and updated in 
late 2009, is published on the AILU web site in two 
parts. It can be downloaded from:  
http://www.ailu.org.uk/reports/081205_Report_v3-
1_Part_1.pdf and - ditto - Part_2.pdf 

2.  I gave a paper at the 1987 LIM in Birmingham. 
It was my last day working for Control Laser 
Ltd, a company that was in administration at the 
time. Three years later I joined Integrated Laser 
Systems and found myself working with Paul 
again!
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I must start my first 
report as Chair of the 
Job Shop Group by 
complementing Dave 
Connaway for his great 
efforts leading the 
Group over the last two difficult years.

Well... I promised at our annual busi-
ness meeting last year that the reces-
sion would be over by my birthday (6th 
March) and things seem have gone 
pretty much to plan. I also said that 
the post-recession prosperity of your 
firm would be index-linked to the size 
of birthday present you sent me ... so 
if you're experiencing any difficulty at 
the moment you've only got yourself to 
blame. What we have to fear now is the 
government - how will the performance 
of this bunch of numpties compare to 
that of the previous bunch of numpties?

It would seem that most laser job 
shops saw some improvement over the 
course of 2009 but I'm finding that it's 
still an uphill climb trying to get back 
to the position we were in a couple 
of years ago. One setback was a big 
jump in steel prices a little earlier this 
year but prices seem to have calmed 
down for the moment.

The annual job shop business meeting 
last year was particularly success-
ful - especially the 'let's all wash our 
dirty linen in public' session where 
delegates shared information about 
how they were surviving the recession. 
Some good ideas and much support 
and consolation came out of this.

This year's meeting (JS 10) will be held 
on the 17th November at Bystronic's 
new site in Coventry will be on the 
theme of 'Now we are out of the reces-
sion how do we grow?'; unless, that is, 
the numpties or, even worse, the bank-
ers*, plunge us back into the abyss. 

So - the sun is shining, the phones are 
ringing ... onward and upward!

John Powell   Laser Expertise Ltd 
E: jpowell@laserexp.co.uk

PS I would like to propose that from 
now on the collective noun for bankers 
should be a 'wunch'. The term would 
be 'a wunch of bankers'.

Chairman's 
report

The use of laser quality steel

A comment sent in from an AILU mem-
ber, a steel supplier, suggested that it 
would be good to have members views 
on the steel they use. "Without good 
steel supply many laser job shops would 
have no business," he claimed. "There 
is a big difference between genuine 
laser quality (supplied as RAEX or Laser 
Alform) and some normal de-coiled 
sheet that suppliers refer to as 'Laser 
quality'. It seems that the vast majority 
of laser cutters, especially job shops, 
buy on price first and quality second."
Earlier this year I sent a query out to job 
shop members asking for their views on 
using laser quality steel. The responses I 
received can be summarised thus:

1. The only ‘laser quality’ steels that are 
used are in the thicker sections (12-
20 mm). The prime reason for using 
it is the security it gives of knowing 
that the required laser cutting result 
is going to be achieved.

2. Cost is a big issue: some members 
regard laser quality branded mate-
rial (RAEX, Laser Alform) as just too 
expensive; when sheet 12 mm thick 
or thicker is required they go for 
best quality (but not laser), claiming 
that this is a satisfactory approach. 
However, some members have lost 
lots of time and money as a result, 
citing variability in what is ostensibly 
the same material and claiming it 
to be a very hit and miss approach. 
Some members report that if a 
plate at the thicker end of the range 
doesn't cut the same if it is part used 
then stored for a period of time.  

3. For the above reasons, some mem-
bers follow the practice of always 
quoting for branded laser quality 
steel for jobs requiring 15 to 20 mm 
sheet; which, although more expen-
sive, offers the benefits of less 
operator time spent setting up and a 
guarantee of achieving a good qual-
ity cut and edge finish.

I forwarded these points to the steels 
supplier and he agreed that AILU mem-

As products become smaller, the 
demands of increasing precision with 
decreasing feature size mean that laser 
manufacturing is often the only way of 
making those parts and this example 
typifies this idea. The pictures of parts 
made at Laser Micromachining Limited 
shows mini gaskets cut from an engi-
neering elastomer of 2 mm thickness. 
The gaskets also have through holes 
of 0.15-0.3 mm diameter and it is pos-
sible to achieve an excellent finish, 
high tolerance and superb precision 
for such parts. 

Contact: Nadeem Rizvi, MD 
Laser Micromachining Limited  
T: +44 (0)1745 535165 
E: n.rizvi@lasermicromachining.com

Most GORGEOUS PART

bers continue to go for the cheapest 
option which, he claimed was a false 
economy.  
As an example of such a false econ-
omy he quoted a customer as say-
ing: "We bought a pack of non-laser 
15x1500x3000 mm sheet (530 kg each 
sheet) and although it was flat on 
arrival it lost shape after cutting and 
we scrapped a sheet. The stockholder 
turned down the complaint as his mate-
rial was flat when delivered and they 
don't guarantee it to retain shape after 
laser cutting. All the profit on the job 
was lost in scrap."
He also quoted a customer who was 
relatively new to laser cutting as a job 
shop and who, after 18 months, was 
now using 30/40 tonnes per month of 
Laser Alform only. This customer was 
now looking to invest in a second laser 
cutter with an auto feed to enable lights 
out cutting. 
Clearly, high steel quality and defect 
issues become more important for 
lights out operation. It is claimed that in 
Germany and Austria job shops com-
pete through lights out operation rather 
than by buying cheap material. Is this 
something for members to think about?
Mike Green   AILU Secretary

C
ourtesy of Voestalpine
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An AILU laser user member who wishes 
to remain anonymous kindly sent in this 
report of a recent laser fire.

"We use two laser machines to cut 
acrylic shapes, many for our clock parts 
business (e.g. hands, dials, numerals, 
letters). The photo shows what can hap-
pen if you get complacent with these 
machines cutting this sort of material. 
After two and a half years with no prob-
lems, the acrylic sheet this machine 
was cutting caught fire and completely 
destroyed the whole workshop including 
another similar machine. 

"I was working a few feet from the 
machine, with my back to it unfortu-
nately, and the first indication I had that 
all was not well was the noise made by 
the flames and black smoke bursting 
through the plastic lid of the machine. I 
had no choice but to run for it! 

"What amazed me was the dense-
ness of the smoke and the damage it 
caused. After immediately phoning the 
fire brigade I ran back to the workshop 
and I could see nothing but black, even 
though it was daylight and there were 
windows all round the building. The fire 
stayed in the corner but the hot black 
smoke caused the windows to break 
and melted the window frames and fluo-
rescent light fittings, which were ‘drip-
ping’ off the ceiling. 

"When the fire brigade arrived four of 
them went in with breathing apparatus 
and saved the building which surprised 
me since no lives were at risk. We are 
very grateful to them for this.

"After a few very disrupted months we 
now have a new modern workshop, new 
lasers and we only lost one order whilst 
we were out of action thanks to a lot of 
very understanding customers. However, 
this is not something I wish to repeat! 
We now have fire alarms and CCTV 
installed on each machine and I watch 
two screens all day as I work!"

A laser fire

Restriction of the Use of Certain 
Hazardous Substances in Electrical and 
Electronic Equipment Regulations 2008 
(the “RoHS Regulations”) were introduced 
to prohibit the use of certain substances in 
products made in the EU. 

One impact of the RoSH regulations is 
banning the use of hexavalent chromium 
in the zinc plating passivation process, 
where it provides a self healing function.  
Instead, the regulations require the use 
of trivalent chromium which unfortu-
nately does not provide this self healing 
function. 

Unlike normal zinc and hexavalent 
chromium passivation which produces 
a bright clean finish, the new RoHS 
compliant passivation has a dirty blue 
finish which detracts from the overall 
appearance of the component. However, 
it does mean that when the electronic 
component is discarded after use there 
is no environmental damage from the 
plating.

The RoSH regulations are very new and 
the revision of the plating process has 
created a challenge for the chemical 
industry. The current situation is that 
although tested in the laboratory there 
have been no long term field trials of the 
plating and the use of trivalent chromium 
might yet prove to be a disaster. Indeed, 
the UK MoD still insist on the use of 
hexavalent chrome passivation.

At Cirrus Laser we recently had an 
issue with the plating of a component 
we manufacture for customers in the 
electronic industries. The component is 
something very simple made from CS80 
hardened steel, but it requires plating 
and de-embrittlement prior to use. 

We were aware that one of our custom-
ers for this part required us to provide 
a RoHS compliance certificate with the 
parts, and although the plating company 
we use confirmed that they were able to 
comply with the RoSH regulations what 
we didn't realise is that some of the 
plating processes that they use did not 
comply and we failed to note on our pur-

chase order which process we required.

Having received the parts back from the 
platers we asked them for the RoHS 
compliance certificate only to be told 
that because they use both processes 
and because we had not specifically 
asked for RoHS compliance they had 
used the old method which of course 
was not RoHS compliant. This caused 
deep consternation for Cirrus Laser 
since the order was for 50,000 compo-
nents and we did not want to scrap all of 
these parts; yet our customer would not 
accept delivery without a certificate. 

Fortunately the platers were able to 
chemically remove the plating and passi-
vation. They then zinc plated again, then 
passivated the coating and within 1 hour 
of passivation placed the parts in the 
oven for de-embrittlement. 

It saved the day! We received our cer-
tificate, but at a cost of hundreds of 
pounds for the re-worked parts.

In the case of our electronic component, 
it’s only 11mm long x 6mm wide and is 
moulded into a mains socket so the end 
user does not see the dirty blue finish 
of the plated component and because 
such a small surface area is exposed 
the impact of the chromium can only be 
minute. However, according to our cus-
tomer the final manufacturer uses very 
sensitive measuring equipment to check 
that consumer products do in fact meet 
RoHS compliance before they ship it to 
the high street shops.

So the morale of the story is that if you 
wish to zinc and passivate any compo-
nents after laser cutting be very careful: 
(i) that your Purchase Order stipulates 
the correct passivation method; and (ii) 
that if you need RoHS compliance, you 
insist on a certificate from the platers!

D.Connaway    Cirrus Laser Ltd 
E: dc@cirrus-laser.co.uk

The RoSH regulations can be found at: 
http://www.rohs.gov.uk/

RoHS compliance for plated components

Job Shop   Corner
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After 12 years experience of laser 
marking stainless steel I thought 
that it might be helpful to write 

something on this subject. This is not 
meant to be particularly technical, but 
has been written more as a guide to 
help our customers so that they can 
choose what kind of mark they would 
like. I do not cover the use of proprietary 
pastes which are sometimes used to 
blacken the surface when combined 
with CO2 marking lasers. These pastes 
certainly have their place, but they add a 
process step that is usually unnecessary 
with a YAG laser and are incompatible 
with any of the specifications for the 
medical components that we mark.

The lasers we use are Q-switched YAG, 
lamp pumped or diode with flat field 
lenses. The lenses range from 100 mm 
to 410 mm. The laser powers used range 
from is 20 to 120 W, but the beam is often 
apertured down. 

Different effects can be achieved with a 
Nd:YAG marking laser on most metals 
and this is done by optimising the laser 
power, speed, pulse frequency and focus. 
Stainless steel, however, allows a greater 
variation in visual effect than most metals 
and in our experience titanium is the only 
other metal that comes close. With tita-
nium, colour is fairly easy to achieve and 
even stainless steel can be coloured under 
certain conditions. Colouring of stainless 
steel is covered later in the article.

Broadly speaking stainless steel can 
be marked black, different shades of 
brown (which are not particularly visually 
appealing), gold, white and with a pol-
ished mark, where the surface appears 
smoother than the surrounding area and 
so reflects light differently. These are sur-
face marks of almost no depth. It is also 
possible to engrave the surface although 
the material removal rate is very low 
compared to what can be achieved by 
mechanical methods.

The mark chosen is usually dictated 
by cost, appearance, permanence and 
other technical considerations. For 
example, to achieve a black surface 
mark we have to run the lasers at a fifth 
of the speed used to achieve a good 

white mark. This means that large black 
logos can take a long time to produce. 

It is important to remember that laser 
marking is not a printing process and 
involves moving the laser beam over the 
entire area to be marked. To double the 
logo size quadruples the marked area 
and therefore the marking time.

Black surface mark
A range of black surface marks (often 
misleadingly referred to as 'annealing' 
marks) is shown in figure 1. 

This type of mark is good for text, small 
logos, general identification, Datamatrix 
codes and serial numbers. As a surface 
mark there is no biological trap and 
so this mark is often used for medical 
implants and devices. It gives a good 
aesthetic appearance.

This type of mark is bad for large logos 
(e.g. over 40 mm in size). Some forms 
of passivation can remove the mark and 

it can sometimes be hard to read from 
certain angles where the surrounding 
surface reflects dark. The mark can be 
removed with aggressive surface abra-
sion although this is not usually an issue; 
in most instances the mark is considered 
permanent enough. (Experience has 
shown that where a customer wishes to 
remove a black surface mark, abrasion 
of the surface is required with emery 
paper or Scrotchbrite and it can take 
some effort.)

Matt black engraved mark

This type of mark is good for extra per-
manence where there is abrasion (i.e. 
kiosk keyboard buttons, as shown in fig-
ure 2). Some material is removal during 
laser process. Good also for high con-
trast and lower processing temperatures.

This type of mark is bad for biological traps 
and where a surface burr can pick up con-
tamination or damage surgical gloves.

White mark

This type of mark is good for speed, 
appearance, (particularly where the sur-
face is polished), low processing temper-
atures. Subtle effect on brushed surface.

The marking of stainless steel using Nd:YAG lasers

Charles Dean

Figure 1.
Several 
different black 
surface marks

Figure 2. Black engraved marking of a keyboard

Figure 3. 
White marking 
on the polished 
surface of an 
Apple iPod
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This type of mark is bad for contrast 
where the mark is overly subtle.

Combination of the above 

This type of mark is good for when logos 
cannot be easily represented mono-
chromatically. The mark gives a good 
aesthetic effect. Where only the outline is 
black the logo can still be marked quite 
quickly in comparison to a full black 
logo. This is particularly useful for larger 
logos and graphics.

Gold mark

A gold mark show in figure 5 is similar to 
the white mark, but the surface is slightly 
oxidised by using more laser energy. 

This type of mark is better than a white 
mark in situations where a higher con-
trast mark is desired. Also, some stain-
less steel does not give a good white 
mark and a light gold is the best that 
can be achieved; particularly when extra 
power is needed for curved surfaces.

Polished mark
A polished mark, as exemplified in figure 
6, can be very effective against a brushed 
surface, or a plain 2B (or rolled) surface. 
The laser slightly melts and smoothes the 
surface and this reflects light in a different 
way to the surrounding metal. 

This type of mark is good, for example, 
for signs where a large area needs to 
be marked (we typically mark up to 
900 mm x 600 mm). This is an aesthetic 
mark and would not normally be used 
for serial numbers or part marking.

Engraved mark

This type of mark is good for very pre-
cise material removal. Effectively the 
process is like milling with a 50 µm cut-
ter with minimal aspect ratio considera-
tions. Depth can be as much as 1 mm. 
The laser gives very sharp corners, little 
or no draft angle and is non-contact. 
There is no tool to blunt or break and 
no steel is too hard.

This type of mark is bad for multiple 
components where large volumes of 
material need to be removed. 

The removal rate, in our experience, is at 
a maximum of 13 mm3/minute for steel. 
We have heard of rates as high as 30-
40, but have never actually witnessed it 
or achieved it. With a 50 µm beam the 
removal rate is closer to 3 mm3/minute. 
Some metals give a higher removal rate 
and certainly silver and aluminium are 
better than steel.

Colour marking
Figure 8 shows two examples of colour 
marking on stainless steel.

We are not aware of colour laser marking 
being used commercially although there 
are people trying to make the process 
more repeatable and reliable. Material 
surface finish, material batch variations 
and material thickness all prevent this 
from being an easy, repeatable process 
and many factors affect the end result 

including beam stability. In our experi-
ence the laser has to be run very slowly, 
and even if the resulting colour is distinct 
and homogeneous it may not be the 
shade that is required. Discussion of 
Pantone is pointless, for example.

We would be interested to hear from 
anyone who sees colour laser marking 
being used commercially at the moment.

Charles Dean is MD of Fimark Ltd, a laser 
marking, scribing and engraving job shop that 
also offers specialist spray painting. Fimark 
is situated at 11 Lyon Road, Hersham, Surrey 
KT12 3PU

Contact 
E: info@fimark.com
W: http://www.fimark.com

Figure 4.
Black-white 
combination 
surface 
marking of 
logos

Figure 5. Gold marking of a decorative bowl

Figure 6. Polished marking of a shopping centre sign

Figure 7. Engraved marking

Figure 8. Colour surface marking on stainless 
steel. The colour palette in the photo is done with 
an SPI MOPA-based fibre laser. 

See Observations p36

Charles Dean started Fimark in 
1997 after seeing an opportunity 
to offer a high quality laser mark-
ing service. Automotive work 
is now responsible for 50% of 
Fimark’s turnover. Charles read 
mechanical engineering at uni-
versity and spent his early work-
ing life in the oil industry.  
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As we celebrate the 50th anni-
versary of the first demonstra-
tion of the laser, much is being 

made of just how all-pervasive lasers 
have become and how they impact 
most walks of life. Many examples are 
promoted of where lasers are used 
and how wide-ranging their uses have 
become, both in the consumer world 
and in industry. 

Although in the last few years AILU 
has expanded it’s focus to encom-
pass all manufacturing applications of 
lasers, a mainstay of AILU activities 
remains the industrial uses of lasers 
and so we present here a perspec-
tive from a UK laser service provider, 
Laser Micromachining Ltd. (LML), that 
shows who is using lasers to develop 
new products, what they are doing with 
these products and what they demand 
from contract manufacturers. This data 
is obviously only a small slice of what 
is being accomplished with lasers but 
should, nonetheless, be informative as a 
cross-section of what the drivers are in 
the world of laser micro-technology and 
their emerging industrial applications. It 
excludes 

LML provides specialist contract laser 
micro-manufacturing services using all 
types of lasers, with wavelengths from 
the ultraviolet through to the far infrared. 
High-power laser cutting and welding of 
metals and polymers of >1 mm thick-
ness, for example, fall outside our scope 
of activities. 

LML develops process solutions for cli-
ents to take them from first parts through 
to full manufacturing. In this regard LML 
is well-positioned to see a representative 
cross-section of that part of the industri-
al community that is looking to evaluate 
and utilise laser methods for precision 
manufacturing. 

The data provided in this article con-
cerns high-quality, high-precision laser 
applications using pulsed lasers. It 
shows the state of precision laser manu-

facturing for micro-
technology applica-
tions in the UK mar-
ket (about 80% of 
LML’s clients come 
from the UK) and can 
be seen as an indi-
cator of the growth 
in micro-technology 
industries. It provides 
indicators of areas 
that may become 
mainstays of indus-
trial manufacturing in 
the future. 

Sectors
Figure 1 shows the 
different applications 
sector from which 
LML clients have 
come in the past five 
years. It is promising that there is large 
diversity of sectors showing that laser 
micro-manufacturing is being applied 
to a vast array of different applications 
and this bodes well for the whole of the 
laser industry supply chain. The medi-
cal/biotech sectors feature particularly 
strongly (~40% of total activity) and this 
is due to both the rapid increase in the 
requirements for the laser manufacturing 
of medical devices and to the fact that 
the UK has a par-
ticularly high number 
of medical/biotech 
start-ups and SMEs. 
It is also the case 
that lasers are partic-
ularly well-suited to 
the demands of bio-
medical products. 
The ongoing rise of 
lasers in medical 
products has been 
well documented.

Materials
As would be 
expected from the 
wide-ranging set of 
disciplines using 
laser methods, 

the requirements for materials is cor-
respondingly diverse and this is shown 
in figure 2. The impact of the strong 
biomedical sector is that polymers and 
thin metals dominate the materials 
requirements but other materials such as 
glasses, silicon, thin films and ceramics 
are also present in significant amounts. 

The rise in display and photo-voltaic 
applications has led to a renewed inter-
est in the machining of thin films and 

Laser micro manufacturing in the UK:  
a service provider's perspective

Nadeem Rizvi

Figure 1. Applications sectors using laser micro-manufacturing  
(LML data, 2005-2010)

Figure 2. Range of materials requested for micromachining applications  
(LML data, 2005-2010)
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glasses, whereas ceramics are now 
increasingly being used in demanding 
sensor and microelectronic devices. 
The challenge for the laser community 
is that this wide material demand has to 
be catered for – we need to continue to 
develop sources and processes which 
can cope with varying material proper-
ties while still producing precision results 
efficiently.  

Customers
The breakdown of who is using laser 
micromachining is also interesting, as 
shown in figure 3. 

About half of the users of LML services 
have been SMEs but the remaining 
half is roughly equally divided between 
micro-SMEs (mainly start-up companies 
of one or two people with no in-house 
development capability), large inter-
national companies (assessing new 
techniques before adopting them into 
product lines), universities (requiring pre-
cision parts for research programmes) 
and research organisations (national 
laboratories with bespoke requirements 
to fit into their projects). This broad 
spread of users also illustrates that not 
only is laser machining becoming widely 
known for being able to provide the right 
solution but its reach is extending all the 
way from research right through to full 
industrial production. This trend is more 
clearly shown in figure 4 which details 
the type of work that has been under-
taken by LML.

Types of work
The main aim for most industrial cus-
tomers who engage with LML is to try 
to get a product idea to market. This 
usually takes the route of trying out an 
idea (‘proof of concept’), assessing spe-
cific aspects of the project (‘applications 
development’), making demonstrator 
parts to a design (‘prototyping’), produc-
ing small numbers of parts for valida-
tion/testing (‘batch production’), finally 
leading to production of larger volumes 
(‘production’). Obviously different clients 
are at different stages of this path but 
one of the main strengths of laser-based 
manufacturing solutions is that the client 
can be taken from the proof of concept 
through to production with the same 
laser process. This makes laser manu-
facturing extremely attractive and cost-
effective and is one of the unique selling 
points of the technology.

Summary
It is claimed that in that first laser dem-
onstration of laser operation it was Ted 
Maiman’s co-worker who made the 
remark that the laser was a solution 
looking for a problem. True though this 
was 50 years ago it is far from the case 
now. Indeed, there appears to be no 
limit to the lasers solutions that keep 
being discovered and the remains highly 
promising that lasers will be hailed the 
manufacturing tool of the 21st Century. 

There are often questions about the 
believability of some market analysis 

reports predicting growth rates or mar-
ket trends and it would be a really useful 
exercise if other companies – especially 
ones larger than LML – were to share 
data of the type that has been presented 
here. Such a body of evidence would 
provide a real-world, actual picture of 
where laser manufacturing is heading 
and what the industrial demands really 
are. Apart from being useful to all of 
us in the industry, openly sharing such 
information is also an essential part of 
the wider educational efforts that AILU is 
so active in promoting. It has to be in all 
our interests that we reach to more peo-
ple and proclaim the good news about 
lasers in manufacturing, right now and 
for the next 50 years.  

Nadeem Rizvi is MD of Laser Micromachining 
Ltd, OpTIC Technium, St Asaph Business 
Park, St Asaph, Denbighshire  LL17 0JD

E: n.rizvi@lasermicromachining.com
W: www.lasermicromachining.com

Figure 3. Types of users for laser micro-manufacturing services  
(LML data, 2005-2010)

Figure 4. Type of work undertaken for clients  
(LML data, 2005-2010)

See Observations p36

Nadeem Rizvi is MD of Laser 
Micromachining Ltd. He holds 
a PhD in laser physics from 
Imperial College and has been 
active in lasers applications 
for over twenty years in which 
time he has has helped develop 
numerous laser manufacturing 
solutions for industry.

A DATE FOR YOUR DIARY: 6 October 2010                                                                    AILU Workshop

 Advanced Micro-Manufacturing with Lasers 
Technium OpTIC, St Asaph, North Wales            +            Tour of Laser Micromachining Ltd



The Laser User       Issue 59, Summer 2010

DRILLING

26

A wide variety of drugs and anti-
bodies are currently injected 
into the body, a process which 

many people are afraid of for a 
number of reasons, not least for the 
pain associated with the process. 
Pain and needle free injection tech-
niques have been under development 
for a number of years. High pressure 
injection of thin streams of liquid or 
powder through the skin techniques 
still rely on targeting a blood vessel, 
whereas micro-needle arrays [1] can 
be applied to any patch of skin and 
the treatment wiped on afterwards.
The holes need to be 80 µm in diam-
eter to allow effective drug absorption 
without damaging the surrounding 
tissue.

By using a micro-needle array only the 
outer layer of the skin is breached. This 
outer layer is known as the epidermis 
and is between 0.5 and 1.5 mm thick.  
Around 0.1 mm below the surface of the 
epidermis are Langerhans cells that fight 
infections using antigens which can be 
naturally produced by the body or artifi-
cially introduced by injection. By directly 
introducing the drug to the Langerhans 
cells using micro-needles the uptake of 
the drug is much faster and also more 
efficient than conventional injection [2]. 

The pulsed Erbium doped YAG (Er:YAG) 
laser at 2.94 µm wavelength is able to 
drill into human skin without causing 
pain or burning it [3] and is becoming 
widely used in surgery, particularly for 
reducing burn scarring. (Indeed, dur-
ing the course of the work described 
below, one of the authors inadvertently 
confirmed the pain free nature of burns 
generated by the laser.) Using this type 
of laser to drill into skin it is possible to 
make a stand off injection system (i.e. 
one that does not contact the patient) 
which has the benefit of removing the 
risk of cross-contamination. Ideally a 9x9 
array of holes over 20x20 mm is needed 
to allow effective drug absorption. 

Galvanometer scanning mirrors provide 
one option for drilling an array of holes 
but this would require the patient to 

remain still during the drilling. 
An attractive alternative is the diffractive 
optic solution whereby the single beam 
laser output can be simultaneously split 
into as many individual beamlets as are 
needed. This option removes the need 
for the patient to remain still and pro-
vides a simpler, more robust and easier 
to use solution. 

Use of DOEs
The surface of a diffractive optical ele-
ment (DOE) is a 3D computer generated 
hologram (CGH) that shapes the reflect-
ed or transmitted laser beam. In this 
work the CGH has up to 256 step levels 
(Figure 1) allowing very precise control 
over the output image. As is the nature 
of holograms, each element of the DOE 
contributes to the whole of the recon-
structed image, which means that: (i) the 
efficiency for creation of a spot array (to 
mimic a micro-needle array) can be high 
(diffraction efficiency of over 90%);  (ii) 
localised dirt and damage to parts of 
the optic will have only a minor effect on 
the performance 
of the DOE and 
(iii) because of 
the complexity of 
the CGH, a wide 
range of energy 
profiles can be 
created in the 
image plane. In 
addition, multiple 
coatings can be 
used to increase 
the DOE efficiency 
and protect its 
surface. 

The focal length of the DOE depends on 
its overall (illuminated) dimensions and 
the wavelength of the laser radiation, 
however the depth of focus may be as 
much as ± 20 mm, which is very useful 
in this application as the skin is rarely 
flat. Outside the focal region the image 
blurs in the same way as a standard 
focused image would. 

Optical set up
The Er:YAG laser used for this work 
provided single pulses at 2.94 µm of up 
to 1J energy and 200 µs duration. The 
beam diameter was 4 mm. 

Calcium fluoride optics were used to 
expand the beam diameter to 20 mm 
to produce of a sufficiently large image. 
Two reflective DOEs were  manufac-
tured to generate a 9x9 and a 5x5 spot 
array and were positioned in the beam 
after the expander as shown in Figure 
2 focusing the reflected beam onto the 
target.

A laser alternative to the micro-needle array
 
Daniel Lloyd, John Tyrer, Sara Noden, John Jones and Andrew Geary

Fig.1: (above) Plan view of the 
surface of a DOE and (right) surface 
relief

Figure 2: Optical set up showing the expanded beam print and spot array 
generated by the DOE.
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When designing the optics for this work 
a Gaussian beam of circular cross sec-
tion was assumed but in practice it 
was found to be slightly elliptical; this 
led to a non-uniform beam profile after 
expansion as can be seen to the left of 
Figure 2.  Furthermore, since the DOE 
was illuminated off axis this resulted in a 
non-uniform intensity distribution in the 
output. As shown in figure 3, some spots 
contained noticeably more energy than 
others. 

Optic Testing
Pig skin was used to simulate human 
skin and in this case we used pieces of 
ear as they could be easily mounted in 
an optical lab environment. As Figure 4 

shows the dimensions of the laser 
drilled holes were similar to those of the 
skin pores, which made it hard to distin-
guish between the two at lower power 
settings. 

As figure 5 shows the size of the holes 
increases as the number of laser pulses 
is increased. The depth achieved 
appears to level off, possibly suggest-
ing that the laser is unable to penetrate 
further into the skin. It is unclear why the 
holes appear to be elliptical: it may be 
due to tensions within the skin samples. 

Conclusions
A DOE has been manufactured and 
successfully used to demonstrate dif-
fractive laser drilling of holes into skin 
tissue which would enable pain free and 
contactless drilling of an array holes to 
allow the epidermal take up of a liquid 
drug. While the holes in the sample skin 
had sufficient depth, further optimiza-
tion is needed to better understand the 
interaction of the laser with the tissue 

being drilled and to increase the number 
of holes drilled at one time. Systems 
already exist which could be adapted to 
allow the optic to be operated with ease, 
with minimal laser-specific operator 
training required. 

While this application has been limited 
to a particular wavelength, DOEs can be 
manufactured to work with almost any 
laser. This means that many processes 
can be improved and that new laser 
applications can be developed.
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Figure 3: 9x9 and 5x5 DOE generates spot arrays. Each spot in the 9x9 array had approximately 5 mJ 
per pulse and, in the the 5x5 array (with less than 1/3 the number of holes), 21mJ per spot per pulse. 
The spots are the same size and 2 mm apart in both arrays but the higher spot energy density in the 5x5 
array made the spots appear larger in diameter.

Figure 4: Micrograph view of the skin drilled using 
the 5x5 array and detail of a hole after 100 pulses

Figure 5: Feature dimensions for some drilled samples

See Observations p36
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Surface features can be utilised 
to affect the functional perform-
ance of materials; for instance, 

to enhance the biocompatibility of 
orthopaedic implants, improve the 
thermal properties of heat exchang-
ers and to increase the bond strength 
between metals and fibrous compos-
ites. Electron beams [1,2], and more 
recently high-powered multi-mode 
laser beams [3], have been used to 
create a wide variety of surface fea-
tures, using the Surfi-Sculpt® proc-
ess, in which features, such as those 
having potential in the above applica-
tions, are formed by repeated and 
cyclic sweeping of a focused power 
beam in a predetermined pattern. 
What we have demonstrated here is 
that using a low-power Yb-fibre laser 
manipulated with a two-dimensional 
beam scanning system, such as are 
commonly used for laser marking, can 
also produce such autogeneous sur-
face features. 

Equipment and procedure
A diffraction limited SPI® Lasers red-
POWER® fibre laser (rated maximum 
output power of 200W ± <0.5% at an 
emission wavelength of 1070 ± 10nm) 
was used. The laser beam was delivered 
through a fibre optic cable to a Nutfield 
Technology XLR8-15-1064 galvanom-
eter driven scan head. The beam was 
focused with a F-theta lens (focal length 
125 mm), which resulted in a focused 
spot diameter of ~38 μm (calculated) 
and a working field of 60 x 60 mm at 
focus. The workpiece was mounted on a 
linear stage with micrometer adjustment 
to adjust the focal position. The process-
ing was performed either in air or in a 
high purity argon atmosphere. Materials 
processed were Inconel 718, Ti-6Al-4V, 
C-Mn steel and two different grades of 
stainless steel. 

The experimental trials were performed 
in three distinct stages: (i) development 
of single protrusions (such as those 
shown in figure 1), (ii) the integration of 
these protrusions into features with an 

increased complexity (e.g. figure 2), and 
(iii) the production of arrays of complex 
features (e.g. figure 3).  

Key results
The 200W Yb-fibre laser and the scan 
head were capable of producing single 
protrusions (similar to those shown in 
figure 1) up to 3.2mm high, in Inconel 
718, in air, with the correct combina-
tion of process parameters. Similar 
features could also be produced in C-
Mn steel, and 304 stainless steel in air. 
Protrusions could also be produced in 
an argon environment in all four materi-
als, although these were, in general, of 
a smaller height. Wall features, such 
as those shown in Figure 2b, were 
produced by reducing the separation 
between successive protrusions. To 
manage the temperature distribution 
in the substrate, the protrusions had 
to be built with a 0.25 mm separation 
and then a further protrusion built in the 
space between two adjacent protru-
sions. Several other types of features 
were developed, such as the conical 
features shown in Figure 2a and Figure 
3 (which could be used to increase the 
joint strength between metals and com-
posites by the ComeldTM process). 

Through adjustment of the focus posi-
tion, it was found that the focal plane 
of the laser beam should not be posi-
tioned outside the laser beam’s depth 
of focus (defined here as a length over 
which the focused beam laser diameter 
increases by 5%, and estimated to be 

± 0.6mm), or adjustment of the process 
parameters would be required to ensure 
identical features were still generated. 
Furthermore, for all the types of features 
produced, a correct temperature distri-
bution in the workpiece is required for 
the feature build-rates to be optimised. 
For instance, relatively long time delays 
between successive swipes on the 
same feature resulted in smaller features 
compared with the optimum. This is 
most likely the result of the change in 
workpiece surface absorptivity at the 
laser wavelength (1μm) brought about 

Autogeneous surface feature generation with a  
200W Yb-fibre laser

Jonathan Blackburn and Paul Hilton

Figure 1 (a) Scanning electron micrograph of simple protrusions produced in Ti-6Al-4V (in argon),  
(b) Close-up showing individual layers produced by single swipes.

a b1 mm 0.2 mm

Figure 2 (a) Conical feature produced in Inconel 
718, scale in mm (b) integrated wall feature 
produced in Ti-6Al-4V.

a

b
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by a change in temperature. A change 
in thermal conductivity of the workpiece 
with temperature would also contribute 
to this effect. 

Another effect is that with relatively short 
delay times between repeated swipes of 
the laser beam the features are smaller 
and/or distorted compared with the opti-
mum. High speed video observations 
have shown that this is a consequence 
of the feature requiring an adequate time 
to solidify between repeat swipe.

Nevertheless, large arrays of features 
can still be produced with the low power 
laser Surfi-Sculpt system (such as those 
in Figures 3 and 4). The features in 
Figure 3 are nominally identical, apart 
from a slight vertical incline observed 
on those features produced at 
the extremes of the processing 
area. This is a consequence of 
using an F-theta focusing lens 
(i.e. the incident laser radiation 
is not always perpendicular to 
the workpiece) and could be 
removed by utilising a telecen-
tric scanning head and/or a 
high accuracy XY table, albeit at 
more expense. 

The production of large arrays 
of surface features is not possi-
ble at high laser utilisation rates 
with the present equipment 
because of the delays that are 

necessary between swipes to achieve 
optimum feature height. In production 
the laser beam during delay periods 
would be diverted to process a feature 
at another position on the workpiece. 
However, working with simple laser 
marking scanner software, this could not 
readily be achieved and as a result the 
process times observed in these experi-
mental trials were undesirably long. 
Nevertheless, the optimised processing 
time (minimising laser beam off time) for 
producing the features shown in Figure 
3 is estimated to be ~4s per feature. 
The build time for the 170 features on 
the 316 stainless steel bar is therefore 
~700s, allowing time for repositioning of 
the laser beam. 

For comparison, a similar array of fea-
tures was also produced using the elec-
tron beam process. Parameters were 
developed using a modified Hawker-
Siddeley 150kV 6kW rated machine, fit-
ted with a 5-axis beam deflection system 
and running proprietary software. The 
software allowed a ~98-99% efficient 
beam utilisation. Together with a require-
ment for fewer, faster swipes, this result-
ed in a process time, including all beam 
and workpiece manipulation, of ~60s. A 
simple vacuum handling strategy would 
also be required and if optimised would 
add about 15s per part. This time is an 
order of magnitude less than could be 
achieved with the low power laser sys-
tem, although it is worth noting that the 
cost of such an EB system is approxi-
mately an order of magnitude greater.

The laser source, scan head and scan 
head software, are the principal com-
ponents of the system used, although 
provision should be made for a suitable 
operating cabinet and system integra-
tion. Nevertheless, it is estimated that a 
working laser Surfi-Sculpt machine could 
be produced for <£50,000 which is a 

relatively small amount compared with 
the higher power laser systems used 
previously and the commercially available 
electron beam Surfi-Sculpt machines. 
Integration of a high-accuracy XY table, 
under the laser beam, would significantly 
increase the effective process area.

Conclusions
1 A 200W diffraction limited Yb-fibre 

laser, focused into a 38 μm diameter 
spot and used at focus, is sufficient 
to produce surface features at swipe 
speeds up to 800mm/s, in Inconel 
718, C-Mn steel, 304 stainless steel, 
and Ti-6Al-4V.

2 The principal components of a nomi-
nally identical system to the one uti-
lised here could be purchased and 
integrated into a fully functioning sys-
tem for <£50,000.

3 Successful management of the tem-
perature distribution in the workpiece 
is critical to integrating multiple single 
protrusions into large surface fea-
tures. The optimum swipe delay for 
several features has been optimised 
through empirical investigation. 
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State of the art multimode thin 
disc and fibre lasers offer a 
combination of high output 

power and high beam quality. The 
beam of these diode pumped solid 
state lasers is delivered by optical 
fibre and for material processing 
applications the fibre delivers the 
laser output to a processing head, 
where it is focused onto the work-
piece. However, at laser power levels 
of around 1 kW and above laser-
induced focus shift has been observed, 
which can have a deleterious effect on 
the quality of the materials processing. 
This paper Investigates the laser power 
and time dependence of the phenom-
enon and its effect on laser welding.

Figure 1 shows a sketch of the optical 
set-up of a typical welding head, which 
is also the arrangement used for this 
study. Essentially, the divergent laser 
output of the fibre is made parallel by a 
collimation unit and is then focused, pro-
ducing an image of the fibre end in the 
focal plane, which is set on or abut the 
workpiece surface. 

The combination of high laser power 
and high beam quality causes signifi-
cant thermal loading of optical elements 
and changes in their shape and opti-
cal properties. The leads to changes in 
beam geometry that in turn influences 

the position of the focal plane 
as well as the energy distribu-
tion. One consequence of this is 
process instabilities during bead 
on plate laser welding at high 
power and comparatively low 
welding speed. 

The observation of focus shift 
effects is not new nor limited to 
disc and fibre lasers; deleterious 
effects have been noted when 
using high power CO2 [1] and 
lamp pumped Nd:YAG [2] lasers 
as well. The impact of a laser 
induced focus shift on a laser 
welding process has also been 
observed during laser-MAG-
hybrid welding of thick section 
steel [3]. However, the effect is 
often more significant with high 
brightness laser sources. 

Using 8 kW of fibre laser power and a 
processing head with focal length of 
200 mm (magnification 1.25, spot size 
125 µm), figure 2 shows a 500 mm long 
bead on plate weld in 28 mm thick X70 
pipe steel at 1 m/min. 

With reference to figure 2, the beginning 
of the seam is on the left side. Cross 
sections were taken (b) at 30 mm after 
weld seam start and (c) 30 mm before 
seam end. Results show that over 
the 30 seconds it took to produce the 
500 mm weld path the penetration depth 
decreased (from 9.3 mm to 8.0 mm) and 
the weld width increased. Moreover, 
the appearance of the weld changed 
from smooth to rough and the weld pool 
became increasingly unsteady. 

Laser beam measurements 
Techniques
Referring to figure 1, the key parameters 
of the processing head for this work were:

Fibre core diameter 100 µm 
Focal length, collimation unit  160 mm  
Focal length, focusing unit  400 mm

It follows that the nominal spot diameter 
in the output focal plane was 250 μm. 

The laser beam propagation was 
analysed using a Primes HighPower 
MicroSpotMonitor (HP MSM), providing 
beam parameter product, focus posi-
tion and diameter, Rayleigh length and 
far field divergence angle. The HP MSM 
was also used to analyse the divergent 
propagating laser light coming out of the 
fibre end. 

For investigations of the spatial tempera-
ture distribution on the surface of the 
cover glass a micro bolometric infrared 
camera was used. Equipped with an 
integrated laser protection filter with 
a central wave length of 1064 nm the 
camera observed the cover glass during 
beam propagation analyses. 

Spot diameter in the original focal plane 
At a laser power of 1 kW the temporal 
evolution of the beam profile (intensity 
distribution) was measured in focal plane 
starting at the moment the laser beam 
was released. The results are shown in 
figure 3. 

The typical procedure used in industrial 
laser welding is to identify and position 
the focal plane at a comparably low 
laser power and then to keep it constant 
during processing. The results here 

The influence of laser-induced focus shift on high power 
fibre laser welding

Daniel Reitemeyer, Thomas Seefeld, Frank Vollertsen and Jean Pierre Bergmann

Fig. 1: Optical set-up of a typical laser welding 
head

Fig. 2: Focus shift at thick section laser welding: (a) bead 
surface; (b) transverse cross section at the beginning; and (c) 
transverse cross section at the end of the seam
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reveal the shortcomings if this approach. 
Whereas at a laser power of 1 kW there 
is no evidence of a laser-induced focal 
length shift, shifts clearly occur at higher 
powers, with the spot diameter on the 
original focal plane increasing from 250 
µm to 350 µm at 7 kW laser power. Note 
that these increases develop over a 
period of ~ 50 s,  

A second effect has to be considered in 
the context of laser welding: changes in 
the intensity distribution. Figure 4 shows 
the intensity distribution in the original 
focal plane at 7 kW: (a) laser power 
directly after enabling the laser beam; 
and (b) after 60 s. Over this period the 
top hat shaped intensity distribution in 
the focal plane transformed into a peak-
ed distribution. 

Focus shift
Caustic analyses were carried out to 
examine the laser power dependence 
of the focus shift. In figure 5 the shift 
of the virtual focus of the fibre end, the 
focus shift of the processing head and 
the related spot diameter of the shifted 
focus are plotted, revealing a reduction 
in focal position at 7 kW of 0.5 mm at 
the fibre end and 3.1 mm (which is 84% 
of the Rayleigh length). About 15% of 
the focal shift can be attributed to the 
measurement device, the beam source 
and the feeding fibre. Note that the shift 
is reversible; it is not permanent. 

Figure 5 also shows that 
the spot diameter in the 
shifted focal plane (as 
opposed to the spot 
diameter at the original 
focal plane) increased only 
slightly (by 4 µm at 7 kW). 

Influence of the cover glass 
condition
In laser welding the con-
dition of the cover glass 
can change significantly, 
particularly as a result of 
exposure to process fume 
and spatter. To simulate 
cover glass contamination 

a finger print was placed on the outer 
surface of the cover glass. Despite the 
finger print being barely visible it had a 
significant effect on focus shift: from 2 
mm (without) to 3.7 mm (with) at 5 kW, 
see figure 6. 

Surface temperature measurements for 
the cover glass revealed a rise after 60 s 
with the laser on of 170 K at 5 kW laser 
power for a contaminated glass com-
pared to 5 K at 7 kW for a clean glass.

Conclusions
A study of beam focus position and 
intensity distribution has revealed a sig-
nificant but reversible change in both 
with increasing laser power, the major 
change occurring in the first 50 s under 
the prevailing conditions of this study. 
These changes are believed to be the 
cause of weld irregularities. 

As a lesson for the shop floor we con-
clude that the setting if focus position 
should be done at the laser power 
under which welding will be undertaken. 
Moreover, this study has underlined the 
importance of keeping cover glasses 
clean in high power fibre laser welding 
applications, especially for focus posi-
tion sensitive processes. 
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Fig. 3: Temporal behaviour of the spot diameter in the original focal plane

Fig. 4: Intensity distribution in the original focal 
plane; (a) at laser start, (b) after 60 s

Fig. 5: Focus shift vs. laser power.  
Blue - focal shift after fibre; Red - focal shift after 
head; Black - diameter at focus after head

Fig. 6: Effect of cover glass contamination on 
focus shift vs. power. 
Blue - new cover glass; Red - contaminated cover 
glass.  Lower curves, focal shift; Upper curves, 
focus diameter See Observations p36
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The current generation of high 
brightness laser sources offer 
new processing approaches for 

micro welding applications. In this 
paper we explore the use of a galvo-
scanner to move a comparatively 
small laser focus many times around a 
circular path as an alternative to spot 
welding. Experiments described here 
show that the shape of such welds 
can be controlled much more precisely 
than can spot welds carried out with a 
static beam. Furthermore, the addition-
al process parameters (circle diameter, 
track speed) enable precise adjust-
ment of the weld width and depth.

The challenge of spot welding
Laser spot welding is frequently used 
to join delicate components in precision 
engineering. Typical applications include 
the welding of electrical contacts to 
replace soldered connections and dis-
tortion-free joining of micro mechanical 
parts for use in the watch industry [1].

Aluminium and copper alloys, high 
alloyed steel and precious metals are 
increasingly used In electronics and fine 
mechanics [2]. However, several quality 
and reproducibility issues for the weld-
ing of these materials remain unsolved. 
In particular, the differences in reflectivity 
and thermal conductivity of the solid and 
liquid phases can cause process devia-
tions during the welding of highly reflec-
tive materials such as copper and alu-
minium. Also, instabilities caused by the 
geometrical proportions of the keyhole 
and melt pool can lead to weld defects 
such as lack of fusion, pores and spatter.

Origin of defects

The mechanisms leading to these 
defects can be explained with reference 
to the sketch in figure 1. In deep pene-
tration welding the keyhole generated at 
the beginning of the process pierces the 
solid material. During this stage material 
is mostly molten at the keyhole ground 
while the keyhole itself becomes deeper. 
Thus an upward melt flow is generated 
which has to pass the keyhole at its 
sides. The larger the keyhole diameter 
is in relation to the melt pool diameter 
the stronger is the acceleration of the 
melt flow, which results in spattering. 
Furthermore a stagnation point is gener-
ated at the keyhole ground, where the 
dynamic pressure caused by the melt 
flow can impede the keyhole formation.

When the keyhole depth exceeds a cer-
tain value the multiple reflections of the 
laser radiation down inside the keyhole 
can result in a considerable amount of 
the energy being absorbed in the key-
hole ground, causing the vapour pres-
sure in the upper part of the keyhole to 
drop and the keyhole to collapse. Gas 
volumes trapped during the collapse 
lead to pore formation and lack of fusion.

Micro ring welding
The ability to adapt the laser power, 
speed and pattern of energy deposition 
to the conditions of the material and the 
geometry of the work piece offers new 
opportunities in micro joining technology. 
In this context high brilliance laser sourc-
es with beam qualities close to M² = 1 
and focus diameters between 10 and 
50 µm are interesting tools for novel 
welding applications [3, 4]. An alternative 
method for spot welding is the micro ring 
welding where the laser beam is scanner 
many times over a circular path, the ring 
diameter being significantly larger than 
the focus diameter, as shown in figure 2.

The material in the ring centre is mol-
ten only by heat accumulation and the 
melt pool size is not determined by the 
focus but by the ring diameter. Thus to 
describe the weld depth, the depths 
at the laser path and inside the ring 
must be distinguished. With appropri-
ate process parameters a homogene-

ous melt pool and an almost cylindrical 
weld cross section can be achieved. 
The aspect ratio of such welds (depth:  
width) can be < 1 whereas the aspect 
ratio of spot welds is normally >> 1.

As the laser beam is moving throughout 
the whole procedure, the melt pool to 
keyhole size ratio is much bigger than 
for spot welding with a static beam and 
the formation of defects as described 
above are avoided. Furthermore, three 
additional process parameters, the ring 
diameter D, beam speed V and number 
of revolutions N are available to vary the 
shape of the welds.

Process characteristics
Experiments have revealed that the weld 
depth during micro ring welding can be 
controlled accurately and even thin metal 
foils can be welded without local over-
heating [1, 2]. Also, the weld width at the 
bottom of the melt zone is almost equal 
to the width at the surface which results 
in a higher supporting joint diameter in 
lap joint configurations than is achieved 
with spot welds, as shown in figure 3.

The 'processing domain' for these welds, 
that is, the range of parameters for which 
a homogeneous melt pool is achieved at 
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Micro ring welding as an alternative to laser spot welding
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Figure 1: Keyhole and melt pool dynamics at spot 
welding
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Figure 2: Principle of micro ring welding
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Figure 3: Micro ring weld vs. spot weld in thin 
stainless steel for (a) Micro ring weld - focus 
diameter = 20 µm; and  
(b) Spot weld - focus diameter =100 µm
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the workpiece surface without the work-
piece being penetrated, was examined 
for the case of bead on plate welds on 
0.2 mm stainless steel sheets. Three dif-
ferent regimes were observed, labelled A, 
B and C, as shown in figure 4.

The two curves in each diagram are 
the limits of the processing domain for 
the respective laser speed of travel. If 
the laser power is below a certain value 
then a homogeneous melt pool cannot 
be achieved. Raising the laser power, 
regime “A” occurs, producing a shallow 
weld with an aspect ratio of ~ 0.5 and 
no workpiece penetration. If the laser 
power is raised to higher values first 
regime “B”, then regime “C” is reached. 
Depending on the workpiece thick-
ness, both regimes are characterized by 
workpiece penetration after a sufficient 
number of laser beam revolutions. In 
regime “B” the penetration occurs in 
the ring's centre, and if the process is 
stopped before this occurs then the 
weld aspect ratio is between 0.5 and 1. 
In regime “C” penetration occurs along 
the path of the laser beam. If the proc-
ess is stopped before this occurs then 
the weld aspect ratio is normally above 
1, although a completely filled weld is 
rarely achieved in this regime. If the laser 
power exceeds a maximum value (upper 
curve) then the workpiece is penetrated 
by the laser beam before a homogene-
ous melt pool can be formed.

Thermodynamic considerations
The welding process is driven by energy 
transfer from the laser path to the ring 
centre to create a homogeneous melt 
pool. This transfer is achieved by heat 
conduction and, once a homogeneous 
melt pool is formed at the surface, by 
convection. In the conduction phase 
there are significant heat losses by trans-
fer into the surrounding material, which 
will increase with ring diameter. 

We have also shown that, for the same 
size of ring, the energy expenditure 
increases as the focus diameter increas-
es. A useful parameter in this regard is 
the ratio of ring to focus diameter. In the 
experiments performed, lowest energy 
requirements were achieved for a ratio of 
between 15 and 20.

Summary and Outlook
The micro ring welding process offers 
interesting approaches for various 
applications. In figure 5 for example the 
ability for influencing the melting zones 
shape is illustrated. The ring diameter 
effectively determines the width of the 
weld whilst the beam speed influences 
its shape. Lower speed leads to a wider 
melting zone with steeper flanks but the 
energy losses are higher. 

Micro ring welding also has interesting 
possibilities for welding dissimilar materi-
als. Figure 6 shows such an overlap joint 
between aluminium and copper. 

The prevailing problem with welding alu-
minium to copper is the occurrence of 
intermetallic phases. These are extremely 
brittle and significantly weaken the con-
nection. They occur if the share of cop-
per in the melt is between 55 and 80%. 
In this example laser power and speed 
were chosen in a range where only the 
aluminium is molten along the path 

of the laser beam. The copper is only 
molten in the middle of the ring where 
the melt is not affected by the keyhole. 
Thus the melt pool dynamics in this area 
are rather calm and material mixture is 
avoided.
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Figure 5: Lap joint between stainless steel sheets

Figure 6: Lap joint between aluminium and copper
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Recent changes in the UK law, 
including the House of Lords 
decision in the case of R v 

Chargot have meant that it is get-
ting ever easier to successfully pros-
ecute employers and individuals for 
breaches of health and safety law. In 
the case of Chargot, it was decided 
that the mere fact that an injury has 
occurred at work is enough to prove 
that the employer has failed to ensure 
their injured employee’s safety. If the 
employer wishes to defend itself, 
the legal burden then passes to the 
employer to show that it was not rea-
sonably practicable to do anything 
more to prevent the injury.

Not only that, but the penalties for 
breaking health and safety law have 
been dramatically increased by legisla-
tion (the Health and Safety Offences Act 
2008); many relatively minor offences 
that would have attracted a moderate 
fine can now be punished by significantly 
greater fines and even imprisonment of 
individuals in the more serious cases.

Can there be any better reason for pro-
tecting yourself and your business when 
a health and safety inspector calls?

What can an inspector do?
Health and safety inspectors can visit 
any workplace without giving notice. 
However, for a routine inspection they 
will usually phone ahead to ensure that 
relevant staff are available - but do not 
count on this. Remember, workplaces 
include both work premises and homes 
of employees who work from home. 
Whatever the purpose of the visit, 
whether it be to investigate an incident 
or a routine inspection, inspectors have 
the authority to take any or all of these 
actions, some of which you may find 
surprising:

* to require any person to answer 
questions if there is reasonable 
cause to believe they hold relevant 
information;

* to direct that premises should be left 
undisturbed for as long as is reason-
ably necessary;

* to take measurements and photo-
graphs or samples of anything in the 
premises;

* to take possession of anything for so 
long as is necessary to examine it 
and to ensure they are available for 
legal proceedings;

* to dismantle anything which is 
likely to cause danger to health and 
safety;

* to take any book or document rel-
evant to their investigation; 

* to require employers to give them the 
facilities and assistance necessary 
for carrying out their powers; and

* to issue an improvement or prohibi-
tion notice (requiring you to take 
certain safety measures or cease a 
certain activity).

Don’t forget the police!
If there has been an incident resulting 
in a fatality at work, the police will also 
investigate and will be among the first on 
the scene. They will be looking for evi-
dence of individual manslaughter and/or 
corporate manslaughter. As we all know, 
the police have even more draconian 
powers than health and safety inspec-
tors, particularly the power to arrest and 
to detain individuals if they suspect an 
offence may have been committed.

Whatever you do, do not obstruct 
inspectors in their enquiries as doing so 
can result in prosecution leading to a 
fine or even imprisonment. Obstructing 
inspectors can be interpreted widely - 
from physically preventing an inspector 
from exercising their powers to refusing 
to provide information - so make sure 
you do not inadvertently fall foul of this 
offence. 

For example, certain police officers, 
quite surprisingly, have accused employ-
ers of obstructing them in their enquiries 
simply by not waiting to interview their 
own employees until after the police 
have conducted their own interviews 
of them. This is rare but sometimes the 
police, for instance, will insist that an 
employer’s internal investigation, so far 
as interviews are concerned, awaits 

the completion of their own interviews. 
This is despite the statutory duty on an 
employer to investigate health and safety 
incidents.

It is also an offence to prevent or even 
attempt to prevent a person answering 
questions or appearing before an inspec-
tor. Again, this can be interpreted widely 
and you can sometimes be accused of 
committing this offence if the inspector 
considers you are unnecessarily inter-
rupting their questioning of a witness.

All of that said, do not be afraid to ask 
questions of the inspector to ensure 
that, when appropriate, they explain to 
you the legal basis of the powers they 
are exercising. In other words, cooper-
ate with inspectors, do not let them 
bully you but be equally mindful of their 
potential powers if they feel you have 
‘overstepped the mark’.

Quite separately, but just as importantly, 
do not ignore any formal notice served 
by an inspector. As mentioned above, 
health and safety inspectors can serve 
formal legal notices requiring you to take 
certain safety measures or cease a cer-
tain activity (improvement and prohibition 
notices). These notices have legal force 
and whilst they can be appealed through 
the Employment Tribunal system, sur-
prisingly enough, failure to adhere to 
them can lead to prosecution resulting in 
imprisonment or a fine or even both.

How can I protect my business?
Remember, the enforcing authorities 

have powers to issue warnings, legal 
notices and prosecute both compa-
nies and individuals if they find the 
evidence against them. Here are a 
few simple pointers, which if used 
properly, can go a long way to help-
ing you protect yourself and your 
business when a health and safety 
inspector calls, particularly following 
an incident.

* Appoint a single point of contact 
for the health and safety inspector 
to liaise with in the business. This 
should allow for proper management 

When the inspector calls

Poppy Williams and Paul Burnley

When health and safety inspectors or the police call in to investigate a workplace injury, do you know your rights?
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of the relationship and ensure that 
there is no confusion over arrange-
ments made with the inspector, 
including their requests for informa-
tion. 

* Ask questions - it is important 
that you fully understand what is 
going on when an inspector visits. 
However, as explained earlier, do not 
appear obstructive.

* It is crucial that you retain a written 
record of what information or items 
are taken by the inspector. If pos-
sible, provide the inspector with 
copies and retain originals. Be coop-
erative and helpful but be aware that 
any information, items or statements 
taken may be used in evidence 
against you at a later date. If you 
are unsure as to what an inspector 
is entitled to take or what you are 
obliged to disclose to them, seek 
legal advice.

* Make a written note of any meetings 
or important discussions with the 
inspector. This may prove to be very 
helpful if there is later any dispute 
over your cooperation or other sig-
nificant matters. If something par-
ticularly important is agreed with the 
inspector, ask him or her to confirm 
it in writing to you.

* If the inspector proposes to take wit-
ness statements from employees, 
seek to ensure that those employees 
being interviewed have a represent-
ative of the company in attendance 
at the interview with them and ask 
for a copy of their statement. A word 
of warning though - those being 
interviewed do not have to agree to 
either.

* You must also understand the nature 
of the interviews being conducted. 
There are different types of inter-
views with very different legal impli-
cations. You are advised to seek 
legal advice and representation for 
certain types of interview such as 
interviews under caution.

* If requests for information, docu-
ments and/or items are made by 
the inspector and if appropriate, 
ask for a reasonable amount of time 
to comply with those requests. For 
example, it may take the business 
several working days to collate the 
information requested, depending on 
resources. This will also provide you 
with an opportunity to seek legal 
advice if necessary.

* Begin your own investigation. Do not 
wait around to be prosecuted. As 
you know the workings of your busi-

ness far better than any inspector 
you will determine what happened 
and why far more quickly than the 
police and the Health and Safety 
Executive or other regulatory body. 
There is a fine line to walk in carry-
ing out your own investigation whilst 
not obstructing the inspector’s but 
do so and be wary of ‘volunteering’ 
information out of context.

Most of all, try to develop a good rap-
port with the inspector. The more rea-
sonable you appear, the more likely the 
inspector is to be reasonable with you. 
For instance, if health and safety inspec-
tors find failings, they will often be con-
tent to agree for you to make improve-
ments within a reasonable time without 
resource to formal legal notices.

Paul Burnley is a partner and Poppy Williams 
is a solicitor in the Litigation and Regulatory 
Group of DLA Piper UK LLP.

This feature first appeared in MWP (Metal 
Working Production) magazine in April 
2010 and is published here with the 
Editor's permission.

Jim Fieret, AILU committee member 
and head of laser technology develop-
ment & marketing at The Linde Group, 
chaired this broad-ranging workshop 
held in the heartland of UK manufactur-
ing and supported by the PPE KTN, the 
Institute of Physics and West Midlands 
Manufacturing Advisory Service. Sixty 
two delegates attended the event, which 
provided an excellent opportunity for 
UK-based laser suppliers the opportunity 
to be updated on the current state-of-
the-art in laser sources and systems in 
a comfortable environment, with a gen-
erous lunch, refreshment breaks and a 
table-top exhibition.

Despite the downturn in the world econ-
omy over the last two years the devel-
opment of laser sources has continued 
apace, providing new and improved 
tools both for the research commu-
nity and for manufacturing industry, no 
more so that the 1 kW average power 
sub-picosecond laser first announced 
on 4 May 2010 and developed at the 
Fraunhofer-Institut für Lasertechnik, 
Aachen, from which came the keynote 

speaker, Peter Loosen. 
In his presentation Peter 
provided an overview of 
laser materials interac-
tions and the benefits 
of the high beam quality 
and short pulses avail-
able from diode pumped 
slab and fibre lasers. 
Among the challenges 
he presented he pointed 
out that in order to take 
advantage of the high 
average power of the 
new ps lasers, which run 
at tens of MHz, it is nec-
essary to move the laser 
beam at several hundred 
m/s across the work-
piece surface to avoid pulse overlap and 
average power heating effects. 

In applications such as the production 
of micro-moulding tools where surface 
finish is critical, short-pulse laser pro-
cessing is already matching the best 
achieved with EDM, whilst offering major 
benefits in flexibility; with this new laser 

source the laser process will also be 
considerably faster. Large area periodic 
micro-patterning of surfaces, for exam-
ple to create black surfaces for solar 
panel applications, was also highlighted 
by Loosen together with the cutting of 
carbon composites for next generation 
vehicles. 

Recent developments in laser sources and systems for manufacturing

19 May 2010,  Weston Hall Hotel  Coventry

Workshop speakers: (l to r) Marco Holzer, Trumpf Laser System Technik 
GmbH; Jack Gabzdyl, SPI Lasers UK Ltd; Peter Loosen, Fraunhofer 
Lehstuhl fur Lasertechnik (ILT); Mark Daichendt, Laserline GmbH; 
Michael Kluge, Coherent (Deutschland) GmbH; David Payne, University of 
Southampton; Andy May, Rofin Baasel UK Ltd; Geguo Du (non-speaker), 
Greg Dickinson, Advantage West Midlands; Non-speaker; Simon Caiger, 
GSI Group Ltd; John Powell, Laser Expertise Ltd; Sergei Popov, IPG 
Photonics; Peter Thompson, Laserdyne Systems.
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The marking of stainless steel 
using Nd:YAG lasers

Charles Dean

A good article outlining the basic applications 
of NdYag laser marking. The sort of article 
that would provide a useful guide to (pro-
spective) customers.

Dave Lindsey   Laser Process

This is a useful article that outlines the wide 
range of possibilities that exist for laser mark-
ing stainless steel – the combinations are 
almost endless and only limited by imagi-
nation! The article includes some beautiful 
examples of marked components, particularly 
the gold marked trophy and the black-white 
combination marking. It’s a shame that the 
key pictures didn’t have a scale bar (and a 
detailed close up in the case of the trophy) in 
order to be able fully appreciate the intricate 
achievements of the marking process. The 
colour marking is fabulous and I’m looking 
forward to the day when colour laser mark-
ing fully enters the industrial arena – soon, I 
suspect.

The article clearly aims to inform at the cus-
tomer/end user level about the array of mark-
ing styles, but it also raises some questions 
that are relevant to people considering using 
this type of service. Some topics that were 
touched upon within the article are just the 
tip of the iceberg, for instance, how to assess 
the quality of black marks – contrast ratios, 
viewing angles, etc. so that repeatability is 
achieved. 

Are any standards emerging from the laser 
marking community in order to address this? 
And why in practice are black marks limited 
to 40 mm in size? Within the scope of this 
article I would have liked to see just one addi-
tion, which is a discussion of how the grade 
and surface finish of the stainless steel (or any 
other material) affects the marking process. 

Paul Harrison   SPI Lasers UK

Laser micro manufacturing in  
the UK: a service provider’s  

perspective
Nadeem Rizvi

An interesting article that shows the range 
of materials, industries, company sizes and 
product development stages that look for a 
laser material processing solution. The over-
all thrust came as no surprise to me but the 
detail was thought provoking.

Any subcontractor tends to pick up work that 
can (or sometimes just might) be done with the 
equipment and expertise available. The cus-

tomers list is filtered by capability even when 
the capability is as wide ranging as LMLs is.  
Picking up on the suggestion in the article 
that data from many micro - and perhaps mili 
and nano - scale users be sought and aggre-
gated to give a better picture of UK activity is   
something that I think AILU should lead on. It 
would get my backing and participation.

Neil Main   Micrometrics Ltd

The article gives an interesting but not untypi-
cal perspective on the laser micromachining 
jobshop services in the UK. 

Oxford Lasers, which are well known as a 
integrator of high-end laser micro-machin-
ing systems, has also been providing laser 
micromachining job shop services for over 16 
years. In the early years the reaction we got 
to our first demonstration samples was typi-
cally "that is very interesting - but why would 
you want anything as small as that!"; whereas 
today the demand for micromachining servic-
es is driving us to add new facilities. Our view 
of the market is similar to that in the article 
but with slightly different emphasis in certain 
areas. The biggest fraction of our customers 
are SMEs but we see fewer micro-SMEs and 
owing to our international sales force, a larger 
percentage of clients from outside the UK.  
We see demand from a broad and increas-
ingly wide range of industries and this reflects 
the increasing use of micro-features in every-
day products. 

Martyn Knowles   Oxford Lasers

Nadeem Rizvi’s article is very interesting in 
its detail on laser applications in terms of 
sectors, materials and users of laser technol-
ogy. As Laser Micromachining Ltd works very 
much with SME companies it also is a valu-
able insight into what companies are looking 
for in terms of the internal R&D.

As an Irish company that works mainly with 
Medical Device companies, we can see a lot 
of similarity between Nadeem’s findings and 
our own customer base. Polymers and thin 
metals make up the majority of the materials, 
and a lot of our work is done for companies 
that are in the early stage of product devel-
opment. Our base would generally be larger 
than SMEs, however the overall picture points 
to customers without internal laser experi-
ence but eager to explore the possibilities. 
This has to be encouraging given the general 
economic outlook.

I agree that a more open approach to mar-
kets would help everyone, but even with the 
best of intentions time and confidentiality 
can get in the way of openness. When I talk 
with Nadeem on the phone, we tend to share 
details on what customers are looking for, and 
I maintain the same informal relationship with 

many of the other ‘competitors’ in the market. 
Maybe it is time to put this on a more formal 
basis, which may be of benefit to everyone.

David Gillen    Blueacre Technology

A laser alternative to the micro- 
needle array

Daniel Lloyd et al

In the active field of drug delivery, it is good 
to see that lasers are finding many applica-
tions. The micro-needle arrays referred to in 
the title are currently being manufactured by 
various means. Whilst the techniques cur-
rently employed do use chemical etching, 
laser ablation has also been tried and two-
photon polymerisation has been shown to 
have promise. The latter has been combined 
with silver deposition for antibacterial proper-
ties. Daniel Lloyd and co-workers have gone 
one stage further and removed the needle 
array entirely, replacing it with fine hole drill-
ing by parallel laser processing. Studies of 
biological systems are always problematic 
due to the statistical nature of the material. It 
can be seen from the figures that measuring 
hole dimensions is particularly difficult in the 
case of skin. Collagen shrinkage occurs at 
fairly modest temperature rises (~60 ˚C) and I 
expect that this will modify the expected hole 
morphology. Additionally, scattering of the 
laser light may result in an irradiance that is 
enhanced subsurface. All-in-all, a complicat-
ed system with what I would imagine are diffi-
cult to predict results. I would be interested to 
know to what extent the “pain-free” aspect is 
due to the small excised volume rather than 
being intrinsic to the laser process itself.

Howard Snelling   University of Hull

The article portrays the potential value diffrac-
tive optical elements offer in transforming any 
mathematical defined laser beam shape into 
another. It also portrays the role of diffractive 
optical elements in fully utilising laser beam 
energy by distributing it over a larger area 
than just a single laser spot. In the current 
times of solid state sources with high repeti-
tion rates, short pulse durations, and large 
pulse energies, it is an exciting technology.

While not an expert on drug delivery, I pre-
sume each micro-needle must administer a 
precise drug dose to the body. Traditionally, 
this involves using a mechanical needle to 
penetrate the skin and immediately using 
this to administer a precise dose from a 
pre-filled chamber. The many advantages 
of replacing the mechanical needle with a 
laser-based alternative are described; it is 
non-contact, pain-free, motion-less and offers 
access to effective drug incorporation. The 
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principal challenge that remains, however, is 
how a dose can be administered precisely.  
Assuming this dose can be diffused from a 
patch or other reservoir placed over the laser 
treated skin; this would appear to place tight 
specifications on the shape, size and depth 
of laser drilled features and, in particular, how 
these evolve in time.  

David describes the accuracy of mathemati-
cally generating computer generated holo-
grams, the dependence on the beam profile 
of the incident laser, and the requirements for 
the presentation of tissue to the laser proc-
ess.  His results indicate that fundamentally 
the laser-tissue interaction is complex and 
perhaps this, and the temporal evolution of 
the laser treated skin, will ultimately be the 
challenge for precisely administering drug 
doses which the medical community require.

Gerard O’Connor National Centre for Laser 
Applications (NCLA)

The pulsed Er: YAG laser operating at 
2.94 µm is a valuable surgical tool for treat-
ing lesions and scars since this wavelength 
is absorbed strongly in water molecules and 
proteins in the epidermis (outer layer) of the 
skin which is ∼0.5-1.5 mm thick. Skin is thus 
ablated very effectively with minimal residual 
thermal damage.

This interesting paper demonstrates highly 
parallel drilling of the epidermis by combin-
ing the output of a pulsed, 1 J Er: YAG laser 
system with DOE’s designed to produce spot 
arrays.  At a fluence of ∼2 Jcm-2 and 30 
pulses with temporal pulselength of 200 μs, 
the drilled holes have width up to ∼0.3 mm 
and ∼200 μm deep. This depth is adequate 
to allow a drug to be wiped on and so intro-
duced directly via these micro-holes, and 
absorbed efficiently by the Langeran cells, 
found ∼0.1mm below the surface of the skin. 
Drug uptake is therefore much faster than 
conventional injection – with a painless pro-
cedure.

The DOE’s are reflective 3D Computer 
Generated Holograms with 256 levels and 
diffraction efficiency is quoted to be >90% 
so that little radiation is lost in beam delivery. 
As the laser output was slightly non uniform 
and the DOE’s were used off axis, this lead to 
some variation in the pulse energy between 
spots,  more significant in the 9x9 spot array. 
Nevertheless, the elliptical micro-holes are no 
doubt adequate for their purpose, which is to 
deliver the required drug. DOE depth of field 
can be as large as ± 20 mm so that exposure 
of curved surfaces on the skin presents no 
drawback.

It is always pleasing to see a new potential 
application of laser technology in medicine 
and the authors are to be congratulated on 

this work, including the design of DOE ‘s 
which perform remarkably well.

Walter Perrie   University of Liverpool

Autogenious surface feature gen-
eration with a 200W Yb-fibre laser
Jonathan Blackburn and Paul Hilton

We have experienced over 50 years of laser 
applications and are now very familiar with 
subtractive and additive laser based process 
technologies, so it is great to know that lasers 
are still delivering surprises. Blackburn and 
Hilton’s work on surface feature generation 
has offered a new process capability that is 
formative in nature. The paper presents some 
fascinating surface structures that can be pro-
duced quite effortlessly with rapidly scanned 
laser beams. Whilst the detailed mechanisms 
have yet to be determined the TWI team are 
well on the way to greater levels of under-
standing. They have produced some quite 
complex structures that could be of great 
value to industry. 

Given that the laser was a solution looking 
for a problem, it is also still highly capable of 
delivering novel process solutions looking for 
an application. I have no doubt that this proc-
ess will be see rapid development and will 
find a firm place in the laser jockey’s toolbox.

Bill O’Neill    University of Cambridge

The influence of laser-induced 
focus shift on high power fibre 

laser welding
Daniel Reitemeyer et al

This study by BIAS Germany is of practical 
importance for using high power fibre lasers 
above 1 kW and users should be aware of this 
problem. The focus shift stems from thermally 
induced refractive index changes (and some 
geometrical changes) in the optical fibre, cover 
glass and also the space between the weld-
ing nozzle and the workpiece (plasma/vapour 
plume and shock waves) and is towards the 
laser beam. The article shows the first two of 
these effects. The focus shift is shown to be 
quite significant (up to 3 mm for a 7 kW laser 
power). Cleaner cover glass is helpful. Effective 
cooling and cleaning of optics would be anoth-
er way of reducing the effect.  Placing the 
beam focus below the workpiece also normally 
reduces its effect on the welding process.

Lin Li   University of Manchester

The development of high average power CW 
fibre lasers that can generate up to 8 kW 
from a thin- disc laser and up to 20 kW from 
a fibre laser are generating wider industrial 

interest, particularly from industry sectors 
such as automotive, aerospace, chemical, 
defence and power generation. Their main 
attributes is high beam quality, which allows 
the transmission of laser energy through a 
small diameter (100- 300 μm) fibre optic. It 
has been well documented that these lasers 
can offer a number of advantages in high 
power laser welding i.e. weld depths, welding 
speed etc, but very little has been published 
on the problems that can occur when welding 
thick sections with small spot size and high 
beam quality, including fit up of the parts, 
the effects of laser- induced plasma/plume 
emerging from the deep penetration key-
hole and, the subject of the article by Daniel 
Reitemeyer, the shift in focus position. 

Long exposure of focusing optics to high laser 
power shifts the focal position, which leads to 
penetration fluctuations in a long length weld. 
It would be interesting to see if the focus shift 
position can be minimised by water cooling 
the welding head. As pointed out in the article, 
contamination of the cover glass slide caused 
by spatter and fumes from the keyhole can 
also change the focus position drastically. It 
may be possible to overcome this problem by 
either using a longer focal length lens or by 
having a high velocity cross jet air- knife.  

Mo Naeem   GSI Group

This interesting piece of work highlights the 
need for laser users to be aware of time 
dependant process instabilities (diameter 
changes and/or focus shift) and their potential 
effect on weld quality; and it begs the ques-
tion of whether there are laser welding facilities 
where, during everyday production, signifi-
cant  focal shifts are occurring but for which 
no compensation/control has been made to 
achieve optimum conditions. If this is the case, 
have changes in weld quality achieved during 
commissioning simply been compensated for 
by some other means (reduction of weld speed 
for example) or do some facilities simply run at 
less than optimum?

One factor not mentioned is the time taken for 
the spot diameter to return back to a minimum 
size in the original focal plane following com-
pletion of the weld. For high production vol-
ume applications, where the 'off-time' between 
welds is minimised the laser system may be 
running for most of its time with the focus in 
its shifted position. If this has been compen-
sated for by some means (including an offset 
in focus position) then it could be expected 
that during daily start-up the weld quality on 
the first component(s) will be poor. Are such 
observations made in some production appli-
cations, and is this the likely explanation?

Andrew Woloszyn   TWI
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This special one day event was 
offered by Midland Surface Analysis 
and Loughborough Surface Analysis 
Ltd, based at Aston University and 
Loughborough University, respectively. 
Both were set up to enable companies 
to access specialist surface analysis 
and metrology expertise and equip-
ment based in the respective surface 
science groups. The aim of the meeting 
was to show how surface analysis could 
be used to investigate the underlying 
causes of a range of surface issues that 
might arise in various laser processes. 
N.B. The term "surfaces" also includes 
fracture surfaces and, for example, the 
surfaces of a crack arising during laser 
welding, so the scope of the tutorial was 
not limited to processes such as laser 
marking and cleaning.

The morning was for tutorials, learning 
about a range of analytical techniques 
from Prof. John Sullivan of Midlands SA 
and Dr Mike Petty of Loughborough SA. 

John Sullivan introduced three beam 
based techniques, in each of which 
the item under test is held in a vacuum 
chamber. They were: 

• X-ray photoelectron Spectroscopy 
(XPS) giving elemental and chemical 
state information with reasonable 
spatial separation

• Auger electron spectroscopy (AES): 
elemental information at high spatial 
resolution

• Secondary ion mass spectrometry 
(SIMS) – ultra-high sensitivity to all 
elements

All these techniques analyse the spectra 
of emitted species including electrons 
and ions, with the aim of identifying the 
chemistry at the surface of a sample. 
For those, like me, who thought EDAX 
was a great way of mapping the chem-
istry of surfaces in a Scanning Electron 
Microscope, it soon became evident that 
the techniques we were introduced to 
were true surface analysis, and EDAX 
simply is not.

By 'surface chemistry' it is meant the 
chemical species in the first 10 or so 
atomic layers of a material, just a few 
nm. EDAX gives an average of the 
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Surface analysis solving 
problems in laser processing
A tutorial with demonstrations held in con-

junction with Midlands Surface Analysis 
and Loughborough Surface Analysis Ltd

 Aston University, 24th June 2010

There have been other articles in this magazine 
that address the focus shift observed with 
high power lasers, though not in relation to 
very high brightness lasers. A couple of points 
about this a article: Firstly, the weld shown has 
been made with a spot diameter of 0.125 mm 
– not to be recommended for a weld 8 mm 
deep and surely conditions selected to exag-
gerate the observed effect. Secondly, all the 
beam profile measurements are made with a 
different optical set up and beam size to that 
of the weld.

More importantly though are the recommenda-
tions about how to deal with the focal shift. 
The recommendation in the article is to make 
sure that the setting of focus position should 
be done under the conditions under which the 
welds are to be made (assuming these do not 
vary). It seems to me that a more preferable 
approach is to set up your laser system so that 
the focus shift is either insignificant or not a 
problem. 

For a variety of reasons including fit-up toler-
ance and weld quality it is preferable in laser 
welding to use a spot size of about 0.4-
0.5 mm. Also, it is well know that focus shift 
increases with the magnification of the optical 
system (ratio of focal lengths of collimating 
lens to focus lens), so the nearer to unity one 
can make this the smaller will be the focal 
shift. This can be done by using a larger fibre 
diameter; and for this reason we recommend 
to laser suppliers and users that unless they 
want to do something like remote welding then 
high power lasers for welding should have 
fibre diameters of more than 0.3 mm. Using 
this larger spot size also means that a larger 
depth of focus is achieved and this can then 
be greater than any focus shift. For example, 
on our 8 kW laser with a magnification of 
two the focus shift is 2-3 mm but the depth 
of focus (for a <10% change in penetration 
depth) is ±4 mm. Therefore the focus shift is 
not a problem. So, to summarise:  by careful 
selection of process and system parameters 
focus shift effects can be made not a problem 
in production.

Stewart Williams   Cranfield University

Micro ring welding as an alterna-
tive to laser spot welding

Jens Gedicke et al 

The use of a traversing keyhole weld in this 
way allows final weld shape control, within 
limits, and welds appear more regular and 
‘flat-bottomed’ than can be achieved with 
conventional laser welding (Figs 3,5). This 
could be an advantage. However, the method 
produces results that most closely resemble 
conduction welding. Conduction welds with 
aspect ratios of <1 can be achieved and no 

problems of keyhole instability are mentioned 
in the article. Micro ring welding is an effec-
tive use of heat accumulation and conduc-
tion, but it will need to show that the addi-
tional control it offers justifies its use over this 
simpler method.

Andrew Pinkerton   University of Manchester

I read Jens Gedicke piece with interest. It 
always make sense to melt the material in 
a weld and have some movement, allowing 
the heat and gases to move in and out. We 
don’t have a galvo head at Carr’s; instead we 
change the beam position by robot control of 
the focusing head, which is not so precise. 
We often do a spot weld as a short run or a 
small circle, so as not to hover over a small 
area and over cook the material. 

My only reservations that are not covered in 
the report relate to increased distortion and 
clamping issues. Clearly, with more molten 
metal on such thin sections the distortion may 
be unacceptably high and if you need more 
penetration than you get with a spot weld, 
we would just do more spots. The other issue 
just mentioned briefly, was the welding of dis-
similar metals, a subject easily mentioned but 
best approached with a buffer zone of agree-
able material.

Spot welding has moved a long way from two 
copper electrodes as a resistance or projec-
tion weld, to a fibre laser with a galvo head 
- probably an increase of two orders of mag-
nitude in capital cost!

Phil Carr   Carr’s Welding Technologies

This interesting paper is a good example of 
how high brightness lasers can effect laser 
material processing applications in more ways 
than simply miniaturising the processes. The 
micro ring weld replaces the classic tapered 
shape of laser weld with a flat bottomed weld. 
The micrographs clearly highlight the fact that 
the key advantage of this technique is the 
increased interfacial bond area compared to 
the surface dimensions of the weld. However, 
the results presented suggest that the overall 
size of a micro ring weld would be greater 
than a spot weld. If so, this would be a con-
cern to manufacturers. It would be useful to 
obtain results correlating weld strength with 
surface dimensions for both micro ring welds 
and spot welds. The various geometries of 
the lap weld in fig 5 suggest that there are 
also some issues involving the shape of the 
weld surface that need to be looked into.

Katy Voisey   University of Nottingham

Continued across ...



The Laser User       Issue 59, Summer 2010

The technologies of Additive 
Manufacturing (AM) are progressively 
moving the process through the tran-
sition from novelty to mainstream 
development, but AM sits at the 
interface of a number of disciplines 
and it is a little unclear which frater-
nity actually owns the value chain, if 
indeed it has any ownership.

The missing links to widespread use in 
aerospace manufacturing are certifica-
tion of the workpiece; commercialisa-
tion of the supply chain; process con-
trol; design knowledge and allowables.  
Apart from the technology readiness 
level of any of the specific elements of 
this, all point to the general immaturity 
of the value chain.

The European Aeronautic Defence and 
Space Company (EADS) has identi-
fied that AM represents a tantalisingly 
attractive technology for a sustain-
able manufacturing portfolio: a game 
changer that they are introducing to 
those amongst their supply base who 
will listen.  EADS Innovation Works has 
made some very definite statements to 
this effect in a number of public forums, 
admittedly to an audience of the con-
verted at the TCT conference for rapid 
manufacturing and prototyping, but a 
strong message nonetheless.

Most European countries with signifi-
cant aerospace manufacturing activities 
are funding national capability develop-
ment programmes through collaborative 
research or their aerospace technology 
centres.  I have had sight of activities 
in France, Germany and the UK and 
through projects such as MOSAIQUE, 
SAMULET and Clean Sky.

In the USA there has been value chain 
capability work for some time now, but 
the first serious production capacity at 
AeroMet Corp was possibly introduced 
before the rest of the advanced engi-
neering value chain was ready for it.

AM is applicable 
to many advanced 
engineering sec-
tors. Early adopters 
are forging ahead 
and existing play-
ers making pro-
duction machines 
or manufacturing 
parts are experiencing rapid business 
growth.

It will never be just about material or 
mechanical design performance. The 
route to mass adoption (as portrayed 
at the AILU workshop 'The Route to 
Mass Adoption of Additive Manufacture 
in Metal Component Fabrication' on 
16 March 2010) is reducing cost, either 
economic or, increasingly, environ-
mental.  The technology has already 
reached the point of usefulness for 
many applications but it is the afford-
ability of performance that will drive the 
applications development.  Some time 
ago I figured that a deposition rate for 
titanium alloys of around 1kg/hr was the 
threshold for viability. Material usage 
(the “buy to fly” ratio) was a significant 
component of this but the time element 
of the build speed (machine and labour 
time-based costings) still dominates.

This is an area of advanced manufac-
turing in which Europe currently holds 
much of the global high ground and it 
is very consistent with lean doctrine, 
generally adding functional value only 
where necessary. With all the existing 
barriers I have described, the flood-
gates aren’t about to be opened on 
these technologies imminently, but it 
is definitely coming - maybe not today, 
maybe not tomorrow, but soon and 
for the rest of your life (as Rick so elo-
quently puts it in the film “Casablanca”).

Neil Calder is MD of Engineered 
Capabilities Ltd, Preston
E: neil@engineeredcapabilities.co.uk
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Additive Manufacturing in aerospace 
manufacture: “here’s looking at you”
Neil Calder

chemical species found in the first 2-
3µm of a sample. The results of the 
surface analysis can be significantly dif-
ferent, and often telling in an investiga-
tion. Examples were given of how these 
techniques were used to track down real 
production problems in laser marking 
and laser welding. 
It was made clear how difficult it can be 
to avoid surface contamination from a 
range of sources, particularly from dis-
ilicones, which are found in numerous 
items from hand creams to plastic pack-
aging. This is especially important when 
considering how to submit samples for 
analysis.
The other major technique described 
was Atomic Force Microscopy (AFM), 
which can be used to map submicron 
features and roughness. Additionally 
other modes of operation allow direct 
measurements of properties such as 
friction coefficients and hardness at the 
micro / nano scale. 
Examples of how AFM techniques have 
helped identify problems in the manufac-
ture of components used in hard discs 
were given. After lunch demonstrations 
of the XPS system and AFM systems 
were given.
The numbers of attendees were limited; 
even so not all the available places were 
taken, which I felt was a shame since 
I had received a good number of com-
ments in support of the event. The low 
turn out did, however, allow plenty of 
time for group and one to one discus-
sions between the attendees and Mike 
and John and his staff. 
I have deliberately omitted to describe 
here the examples given in the after-
noon. They were interesting and illus-
trated how these techniques have iden-
tified sources of production problems 
that were proving difficult to track down, 
principally because they came from 
unexpected sources.
I think it would be worthwhile for those 
involved in quality assurance and pro-
duction development to attend a repeat 
of this event and both companies would 
be willing to do this. So if you want to 
find out how these techniques can really 
help, drop me an email and I will happily 
organise a rerun of this workshop when 
the numbers come close to the ideal.
Martin Sharp
Liverpool John Moores University 
E: m.sharp@ljmu.ac.uk

Surface analysis solving problems 
in laser processing (continued)

Looking for 
IDEAS?
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The term 'Photonics' includes all 
things related to both the generation 
and manipulation of photons and their 
applications, including laser materials 
processing (LMP) applications. In terms 
of commercial laser activity worldwide, 
LMP is far and away the biggest appli-
cation and as such it clearly deserved 
a big mention in the year long 50th 
birthday celebrations of the first working 
laser. As a UK physicist I find it particu-
larly painful to acknowledge that the cel-
ebrations of the Institute of Physics have 
not so far given LMP a mention.

As a colleague put it, commenting on the 
programme for the forthcoming Photon 
conference in Southampton, "perhaps we 
need to remind the UK Photonics com-
munity that we exist and that we don’t 
appreciate being treated like the unwel-
come relative at the wedding". 

To be fair, part of the fascination of 
LMP is that it is just too broad and 
cross disciplinary a subject for a spe-
cialist approach to do it justice. This 
makes it both a challenge and, during 
an economic storm, a blessing; it helps 
spread the risk. I believe this is reflect-
ed in the mix of scientific, engineering, 
sector-focus and commercial topics 
that appear in the AILU magazine. 

A broad, cross-disciplinary approach is 
clearly supported by the UK Technology 
Strategy Board, which has restructured 
the Knowledge Transfer Networks, 
joining Photonics with Electronics and 
Sensors and, through the new '_con-
nect' platform, streamlining communi-
cations with the other KTNs and their 
special interest groups. 

Very recently AILU members contrib-
uted to a KTN report on 'Lasers in 21st 
Century manufacturing'. It highlights 
over 120 laser applications in manufac-
turing and how they impact on many 
of the key KTN themes. It also points 
out the importance of laser job shops 
in introducing laser processes to manu-
facturing industry. It is therefore good to 
see more contributions than usual from 
laser job shop members in this issue. 
Their steadfastness in the face of the 
negativity of the national press on mat-
ters economic is especially refreshing.  

Mike Green, Editor  
mike@ailu.org.uk
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and, during 
an econom-
ic storm, a 
blessing"
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EVENTS
AUGUST
23 Photon 10  (23-26)
 The largest optics confer-

ence event in the UK 
 Southampton University 

http://www.photon.org.uk/

SEPTEMBER
27 ICALEO  (27-30)
 The International Congress 

on Applications of Lasers & 
Electro-Optics  

 Anaheim, CA, USA 
http://www.laserinstitute.org/con-
ferences/icaleo/conference

OCTOBER
6 AILU Workshop
 Advanced Micro-

Manufacturing with 
Lasers

 Technium OpTIC, St Asaph  
North Wales 
Preliminary notice; details to  
follow

19 MM Live UK  (19-20)
 Micro & Precision 

Manufacturing event 
 Ricoh Arena, Coventry 

http://www.micromanu.com/x/
mmliveuk.html

NOVEMBER
16 AILU Workshop
 Job Shop 10 : Are you 

ready for the challenge?
 Bystronic, Wilsons Lane, Coventry 

Preliminary notice; details to  
follow
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The main message of the presentation 
of Greg Dickinson (Advantage West 
Midlands) ‘21st Century challenges and 
opportunities in UK manufacturing’ was 
that manufacturing is alive and well in 
the UK. He highlighted the big manu-
facturing opportunities, including low-
carbon vehicles, renewable and nuclear 
energy and plastic electronics and 
emphasized the importance of develop-
ing and adopting advanced technology*.

A broad ranging review of laser applica-
tions by Andy May of Rofin Baasel on 
‘How modern laser sources enable the 
development of 21st Century technol-
ogy’ included examples from the areas 
of fuel cells and batteries, solar cells, 
panels and flexible modules, flexible 
packaging and additive layer manufac-
turing rounded off the first session.

The second session of the morning 
included four presentations. In ‘Recent 
developments and application advances 
in fibre laser technology’, Sergei Popov 
reviewed an impressive list of new 
'kW-class' pulsed and CW infrared and 
green laser sources and components 
from IPG Photonics whilst Jack Gabz-
dyl of SPI, in ‘Nanosecond pulsed fibre 
laser sources for industrial applications’, 
concentrated on micro-machining, mark-
ing and engraving applications of pulsed 
fibre lasers. Peter Thompson reviewed 
the system developments of Laserdyne 
Systems for 21st Century drilling applica-
tions, especially software developments 
for drilling complex shaped holes and im-
proved accuracy and repeatability of hole 
drilling down to 8° to the surface. Michael 
Kluge of Coherent, Germany concentrat-
ed on the development of high reliability 
compact waveguide and slab CO2 laser 
and their cutting, engraving and marking 
applications in a wide range of materials, 
including robot-mounted applications 
and machining with shaped pulses.

The morning session concluded with 
the presentation of the AILU Award to 
Professor David Payne of Southampton 
University. A review of this and his pre-
sentation on high power fibre lasers can 
be found on p 1. 

During the lunchtime break delegates 

enjoyed a wide-ranging exhibition of 
products and services in the areas of 
tube cutting, roller engraving, texturing, 
and micro-machining, optics, high power 
diode lasers, laser processing nozzles, 
fibre laser and gas supply and new di-
ode-pumped solid-state lasers, passively 
mode-locked using SESAM technology 
to generate ultrashort laser pulses. 

The afternoon offered four presenta-
tions. In ‘High speed galvo delivery of 
fibre lasers and lamp pumped lasers for 
welding’, Simon Caiger of GSI Group 
highlighted problems with this increas-
ingly popular technique and the solutions 
embedded in GSI's new scan head and 
control unit.

Mark Daichendt of Laserline, Germany  
reviewed new applications and develop-
ments in diode laser technology. The 
technology of direct diode industrial 
lasers is moving to higher power (up to 
10 kW) and improved beam quality (with 
fibre delivery), efficiency (48%) and life-
time (50,000 hours). Conduction welding, 
hardening, brazing and cladding are well 
known applications for these sources, 
but improvements in beam quality in the 
last 2 years have extended the range to 
include cutting and keyhole welding. 

The presentation by Marco Holzer of 
Trumpf, Germany, concentrated on 
cutting and welding with cw disc and 
diode lasers and ablative processing with 
pulsed disc lasers. Results for the speed 
of cutting mild steel showed the disc 
laser to be faster than a CO2 laser up to 
a sheet thickness of 4 mm. Remote cw 
welding with robot mounted scanning 
optics, laser hybrid welding and issues of 
copper and aluminium welding were also 
addressed. The Trumpf picosecond laser 
offer powers up to 50 W and applications 
for micro-cutting and drilling in metals 
and ceramics were reviewed.

In the final, somewhat controversial pre-
sentation, John Powell of Laser Expertise 
explained why, in the context of metal 
cutting, a highly focused laser beam from 
a fibre laser is at a disadvantage and 
why, compared to a CO2 laser, its shorter 
wavelength gives rise to a rougher cut 
edge. 

PDFs of presentations for this workshop and other recent events can now be found 
on the AILU web site (click the 'events' link in the left column and then the 'presen-
tations' link that appears below it). Contact the AILU office for the password of the 

event of interest, which is free to persons who attended the event. 

(Continued from p 35)

Recent developments in laser sources and systems for manufacturing

* As an aside, the only disappointment of this workshop was the low representation from manufacturing indus-
try, especially given the theme, the location of the event and the support we received from Advantage West 
Midlands in advertising the event. Clearly, AILU will have to find more effective ways of getting the 'adopt 
advanced technology' message across to UK manufacturing industry.
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