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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 This picture of macro-cladding provided by 

IREPA LASER, a leading French research 
centre in laser materials processing (LMP), 
brings together two major themes of this 
issue: additive metal processes; and research 
activities in LMP. Micro-cladding at IREPA 
LASER is addressed in the feature on p28, other 
features on additive processes appear on p30 
and 40, and preliminary details of a future AILU 
workshop on the subject are provided in the 
inside back cover.  Research topics include an 
interview with the manager of IREPA LASER, a 
review of research funding opportunities on p42 
and, in the editorial section, news of activity in 
the recently established PPI and Micro:Nano 
Special Interest Groups on pp19 and 20. 

Helping you make the most of laser technology
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People
Anna O'Neil 
Anna O’Neil left Pro Laser 
in November 2008 and 
will soon be launching 
Taylor O'Neil Photonics 
Limited, providing con-
sultancy in lasers and 
optics and specialising in technical 
report writing, project development and 
optical design. 

At Pro Laser Anna was AILU's 
Technology Officer for the Photonics 
KTN, during which time she helped set 
up the Medical and Micro:nano special 
interest groups and played a big part 
in the redevelopment of the AILU and 
Design for Laser Manufacture websites.

E: a.oneil@tayloroneil.co.uk 

Janet Folkes
Janet Folkes, a member 
of the AILU committee, 
has been awarded the 
Freedom of the City of 
London.

Janet is a world record 
breaking hot air balloonist as well as 
being an expert in laser and waterjet 
technology. “The City of London was 
promoting aviation in the capital and I 
was awarded the Freedom with other 
prominent balloonists,” she said.

E: janet.folkes@nottingham.ac.uk

Malcolm Gower
Past AILU President 
Malcolm Gower has 
been appointed a Visiting 
Professor at Imperial 
College, London in the 
Optical & Semiconductor 
Devices Group in the 
Department of Electrical & Electronic 
Engineering. The appointment will 
strengthen and widen the group’s 
research activities in the areas of laser 
micro and nanomachining, MEMS and 
optoelectronics. 

Malcolm co-founded Exitech in 1984. 
After the sale of the company to Oerlikon 
in 2006, he founded Nanophoton 
Technologies a consulting company spe-
cializing in the application of photonics 
to nanotechnology. His current activities 
for AILU include chairing the Micro:nano 
Special Interest Group.

E: m.gower@nanophotontechnologies.com
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Paul Harrison
Paul Harrison has been 
appointed Applications 
Engineering Manager at 
Powerlase, manufactur-
ers of the world’s most 
powerful nanosecond Q-
switched, diode-pumped 
solid state (DPSS) lasers.

The appointment comes as Powerlase 
prepares to expand into new sectors 
and international markets. Paul will be 
instrumental in driving development 
of new applications with existing and 
potential Powerlase customers.

E: paul.harrison@powerlase.com

Iain Walsh
Iain Walsh has been 
appointed as the  UK 
Commercial Manager for 
Lantek's new Business 
Management Solutions 
Division.

Iain is very enthusiastic about the oppor-
tunities within the UK. “We have had 
tremendous success with our CAD/CAM 
software, Lantek Expert II, but our cus-
tomers are now looking for integrated 
solutions to help them to improve the 
efficiency of their business processes.”

E: iain.walsh@lantek-systems.co.uk

John Mankowski
John Mankowski has 
been appointed Manager 
of Engineering for 
Convergent Lasers, a 
subsidiary of Prima North 
America.

In this newly created position John will 
be responsible for managing the electri-
cal, mechanical and controls engineering 
team for Convergent Lasers. He brings 
to Convergent Lasers many successful 
years in the electrical engineering field. 

Contact: Mark Barry 
E: mbarry@prima-na.com

Business
Another record year for Trumpf UK
Trumpf UK added nearly £4m in sales 
for the year 2007/8 by comparison with 
the previous twelve months.  Overall the 
Trumpf Group closed the 2007/2008 fis-
cal year (July – June) with new record 
numbers. It recorded an 11% rise in 
sales to 2.14 billion Euros. 

During the last financial year Trumpf 
UK also significantly added to its head-
count. In 2006/7 its staff amounted to 
73 people, today it is 83, including three 
engineering apprentices.  

To expand production of laser resona-
tors Trumpf has opened a new research 
and manufacturing facility in Farmington 
USA. This new Laser Innovation and 
Technical Excellence (LITE) Building 
provides production facilities for CO2 
and solid state resonators and a laser 
development centre and has become 
the base for the company’s laser mark-
ing application and sales group.  

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

BLM Group UK’s wins £1.5M in orders 
Orders to the value of nearly £1.5 million 
were placed with BLM Group UK follow-
ing its recent Intube in-house event. This 
five-day event introduced the new BLM 
Adige LT 722D Lasertube tube process-
ing system to the UK. 

The three latest orders for laser cutting 
and profiling systems came from SMEs 
who, says Paul Lake, Managing Director, 
“have the confidence to invest in high 
technology products, knowing that their 
investment can be recovered in terms of 
reduced labour costs. They know that 
in today’s market standing still is not an 
option.”

Contact: Paul Lake 
E: sales@blmgroup.uk.com

Entrepreneur award
Having won the Times Higher Education 
International University of the year in 
2006, the University of Nottingham has 
been named ‘Entrepreneurial University 
of the Year’ at the prestigious UK Times 
Higher Education Awards for 2008.

The judges praised the ‘breadth and 
depth’ of its entrepreneurial activity and 
said that the University was ‘committed 
to nurturing the most enterprising and 
globally-minded graduates in British 
higher education’.

The university is home of the Nottingham 
Innovative Manufacturing Research 
Centre (NIMRC), which is funded by the 
EPSRC and industry to research and 
develop technologies, processes and 
systems for manufacturing business.  

Contact: Janet Folkes 
E: janet.folkes@nottingham.ac.uk

Full reports on these and other items can be found in the news section of the AILU web site
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Order placed at Bystronic open house

At a recent open house event held at 
Bystronic UK Limited’s Leeds showroom, 
The Thomson Pettie Group placed an 
order for equipment valued in excess 
of £875,000: a Bystronic Byspeed 4020 
laser cutting system and a Bycell storage 
tower. The system will be automated for 
24/7 unmanned running.  

Terry Thomson, the company’s chairman  
comments: “A change in the type of 
work being offered to us, as well as the 
need to maintain our competitive edge 
encouraged us to look at purchasing 
replacement machines for our new site.  
We are consolidating two of our existing 
sites into these new premises and this 
will enable us to provide our customers 
with a further enhanced service.”

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

Laserdyne® 795 System to IPG 
In a sale that represents a partnership for 
the development of fibre laser applica-
tions, Prima North America announced 
the sale of a Laserdyne 795 XS to IPG 
Photonics Corporation. 

The new system will be configured so 
as to be able to deliver a variety of IPG 
Photonics fibre lasers. It will be used 
in IPG's North American applications 
laboratory for development of 2D and 3D 
laser cutting and welding processes.

IPG Photonics is a leading developer 
and manufacturer of high-performance 
fibre lasers for industrial processing 
applications. Commenting on the new 
partnership arrangement, William Shiner, 
Director of Market Development for IPG 
Photonics said, “The aerospace industry 
in particular is eager to investigate the 
promise of fibre lasers. Laserdyne has a 
long and successful history serving this 
sector. Together we can increase the 
applications of lasers.”

Contact: Joe Attuoni 
E: joe@primauk.com

Powerlase partners with Eolite 
Powerlase Ltd, manufacturers of power-
ful nanosecond DPSS lasers have agreed 
a strategic partnership with French fibre 
laser innovator, Eolite Systems. The 
partnership will see Powerlase and Eolite 
combining their world class engineering 
and applications capabilities to broaden 
the range of laser systems they produce 
and the markets they can address. 

The high average power, high beam 
quality lasers that Eolite produces per-
fectly complements the high average 
power, medium beam quality laser sup-
plied by Powerlase. In combination the 
new, broader range of lasers is ideally 
suited for multi-stage manufacturing 
processes that require multiple laser 
parameters, such as in the manufacture 
of photovoltaics.

Eolite technology is based on the inno-
vative rod-type fibre configuration. This 
simultaneously enables high average 
powers, very high beam quality and, 
uniquely, the ability to be frequency 
converted to green and ultraviolet wave-
lengths. Powerlase brings the ability to 
turn cutting edge laser technology into 
systems suitable for demanding indus-
trial environments as well as successful 
market development strategies. 

Philippe Metivier, President and CEO 
of Eolite Systems concludes: “Eolite is 
very pleased to enter into this partner-
ship with Powerlase. Combining our 
strengths will enable us to respond to 
very demanding markets with relevance 
and efficiency.”

Contact: Paul Harrison 
E: paul.harrison@powerlase.com

Purex acquires PAT Technology Systems
Purex International Ltd, a global market 
leading manufacturer of fume extraction 
equipment has acquired PAT Technology 
Systems Inc, a renowned designer and 
manufacturer of fume extraction systems 
for the wide format inkjet printing indus-
try. PAT has developed solutions for all 
the major printer manufacturers. 

Wayne Baird, President of PAT com-
ments, “This acquisition allows Purex to 
enter the printing industry fume extrac-
tion market world-wide with an excellent 
range of products combined with a team 
of people who have expert knowledge of 
that market.”

Contact: Jon Young 
E: jon.young@purexltd.co.uk

Sources
Newport Laser for Biological Imaging 
Newport's Spectra-
Physics Lasers 
Division has intro-
duced its newest 
tunable ultrafast Ti:
sapphire laser for 
high-resolution biological imaging – the 
Mai Tai® eHP DeepSee™.  The new 
laser offers 65% higher peak power than 
the closest competitive system.  This 
new ultrafast laser, with its integrated 
dispersion compensation, is optimised 
for nonlinearly excited fluorescence 
applications – including multiphoton 
microscopy.

Contact: Hans Dabeesing 
E: hans.dabeesing@newport.com

Records for Coherent lasers
Single mode green sets power record
At 45W of average 
power (at 120 kHz) 
at 532 nm in a single 
mode output beam 
(M2 < 1.3), the new 
AVIA™ 532-45 is 
the most powerful diode-pumped, solid 
state green laser currently available that 
delivers near-diffraction limited output. 

The AVIA 532-45 is suitable for precision 
micromachining applications that require 
both high throughput and precision 
edge quality (minimum HAZ). Examples 
include singulation of QFN, FBGA, 
and µSD (MMC) as well as Direct Chip 
Attach (DCA) type packages. Solar cell 
processing applications include edge 
isolation and scribing of thin film cells. 

Contact: Mark Mondry 
E: mark.mondry@coherent.com

New CUBE diode laser
The new CUBE™ 
660-100 laser deliv-
ers 100 mW of CW 
output at 660 nm. 
CUBE lasers feature 
a high power, single 
emitter diode laser with integrated beam 
shaping optics, drive and control elec-
tronics, and temperature stabilization. 
Measuring only 100 x 40 x 40 mm, this 
new CUBE laser is primarily intended 
for bio-imaging applications, where its 
higher power will enable improved signal 
to noise ratio or higher throughput.

Contact: Dan Callen 
E: dan.callen@coherent.com

Full reports on these and other items can be found in the news section of the AILU web site
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GSI Lasers launch JK100P 
GSI Lasers has launched the JK100P, a 
100 W Nd:YAG short pulsed laser that 
combines high peak power (10 kW), 
short pulses (15-200 µs) and high repeti-
tion rates (2 kHz) to make it excellent for 
cutting thick sections of silicon wafers 
and other similar materials. 

The JK100P can 
also be effectively 
used for scribing 
or drilling holes 
and also, due to 
the pulse regime, 
can enable high 
aspect ratio cut-
ting in thick sec-
tion silicon without 
the micro-cracking that is usually caused 
by excessive heat input. The high pulse 
energy and peak power of the laser 
leads to smooth cut edges and a high 
cut quality. 

Advantages of the JK100P include high 
pulse-to-pulse stability and 100µm fibre 
delivery, best-in-class reliability and 
built-in back reflection protection.

Contact: Andrea Martin 
E: amartin@gsig.com

Recent offering from Photonic Solutions
JDSU HeNe lasers available on-line
Available from www.
photonicshop.
co.uk, with next day 
delivery on in-stock 
items, the range 
of available JDSU 
HeNe’s stretched from 0.5 to 22.5 mW at 
632.8nm. OEM modules are available as 
well as laboratory power supplies with 
emission indicator and key switch.

Palitra series of ultra-fast OPAs
The Palitra series 
of ultra-fast Optical 
Parametric Amplifiers 
(OPAs) from 
Quantronix deliver 
the widest gap-free 
tuning range (175 nm – 22 mm) and the 
highest conversion efficiency (>40% at 
peak) on the market, ensuring they meet 
even the most demanding ultra-short 
scientific applications.

The Palitra is a white-light continuum 
(WLC) seeded, co-linear OPA which 
can be pumped by a femtosecond Ti:
Sapphire amplifier, delivering ultrafast 
pulses over the entire wavelength tuning 
range. 

High Q industrial amplifiers
High Q Laser have 
launched a new 
series of ultra 
compact pico- 
and femtosecond 
regenerative ampli-
fiers “picoREGEN UC-INDUSTRIAL” 
and “femtoREGEN UC-INDUSTRIAL”, 
especially designed to meet industrial 
demands: a maintenance interval of 12 
months and a life time of 5 years. 

With a footprint of just 78 x 34 cm, an 
all-in-one controller and their ability for 
full remote control and signal read out 
these ultra-fast amplifiers can be inte-
grated as OEM products, thanks to their 
all-in-one controller and their ability for 
full remote control and signal read out.

The High Q Laser’s pico- and femtosec-
ond all-in-one Regenerative Amplifiers 
are excellent tools for a wide range of 
applications in nano- and microprocess-
ing such as solar cell structuring and 
scribing, thin film ablation, hole drilling, 
precision cutting and tissue ablation. 

Contact: Douglas Neilson  
E: douglas.neilson@photonicsolutions.co.uk

2 mm thick mono-
crystalline silicon, cutting 
speed >0.15m/min, very 
smooth cut edge and no 
signs of micro cracking
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Optics
Newport optics for ultrafast applications
Newport Corporation has made two 
additions to its family of ultrafast optics: 
(i) circular variable neutral density (ND) fil-
ters; and (ii) low group velocity dispersion 
(GVD) 50\50 ultrafast beamsplitters for P 
polarized light.  

The ND filters have 
a metallic coating on 
a 2 mm substrate, 
the lower thickness 
being for use with 
short pulses. They 
are designed to attenuate the wide spec-
trum of low energy laser light from UV to 
near IR wavelengths. They are available 
in multiple sizes and densities and are 
a serious contender for a wide range of 
ultrafast laser applications such as mul-
tiphoton microscopy and ultrafast spec-
troscopy.”

The new low GVD ultrafast beamsplitters 
are critical for many ultrafast applications 
allowing easy splitting of a femtosecond 
pulse with minimal broadening effect.

Contact: Hans Dabeesing 
E: hans.dabeesing@newport.com

Galvo scanner with integrated pyrometer 
DILAS are a leading 
manufacturer of high 
power semiconduc-
tor lasers and com-
ponents, which are 
now marketed via 
the Rofin network worldwide. The latest 
product offering is a galvo scanner with 
an integrated pyrometer which can be 
used with the DILAS COMPACT Series 
product range. 

The galvo scanner is a fast 2 axis beam 
deflection unit which, when combined 
with the pyrometer, offers significant 
benefits in the field of quasi-simultane-
ous plastics welding. The on-axis single 
colour pyrometer allows the temperature 
of the welding zone to be optically meas-
ured during the scanning process, thus 
enabling closed-loop temperature control 
of the production process. 

The galvo scanner is available with aper-
tures of 20 or 30 mm dia. and can be 
used with 200 μm or 400 μm fibres and 
F-Theta optics. The unit provides a work-
ing field of 140 x 140 mm.

Contact: Dave MacLellan 
E: sales@rofin-baasel.co.uk

Now with the addition of a 400W option, the SPI Lasers R4 
range of CW-M �ber lasers has doubled in power to offer 
you an unparalleled combination of features to optimise 
your processes. 

Enhanced features such as Pulse Shape Equalisation, 
Extended Performance Range, a range of interfaces and 
ease of �eld upgrades give you the power to improve your 
production speed, ef�ciency and quality.

400W Fiber Laser
Power+Control

For details and to try before you buy »   www.spilasers.com/400w

Raylase scanner developments
Innovative 2-axis deflection unit 
Raylase have launched the 
Miniscan, an innovative 
2-axis deflection unit, with 
compact design includ-
ing high-speed operation. 
Designed for minimum 
size, this new unit aims to meet the grow-
ing demand for more precise and com-
pact systems. It is at present available 
with a 7 mm or 10 mm aperture andcan 
deliver > 500 high quality characters/s in a 
working field of 120 mm x 120 mm.

Light and flexible: The new RL Series
The new RL Series of 
scanning heads are 
meeting the require-
ments of modern 
systems, which are 
becoming increasingly 
compact. The lightweight space-saving 
scanning head housing is ideal for instal-
lation in a multitude of modern laser sys-
tems. All scanning heads are available in 
aperture sizes of 7, 9, 12 and 14 mm for 
standard wavelengths in the range from 
355 to 10,600 nm. 

Contact: Mac Elahi 
E: M.Elahi@raylase.de

Picture: Raylase pic 2.jpg
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The NeoScan™ is a new, patent pend-
ing optical device that offers a simple 
approach to directing a focused laser 
beam onto materials to machine simple 
and complex geometries. This scanner 
provides the ease of use and simplicity 
of a galvo system with a precision and 
accuracy comparable to that achieved 
using a fixed beam and an air bearing 
X-Y stage to control the workpiece, but 
without the cost and inertia restrictions.  

A typical precision galvo mirror scanner 
provides an angular repeatability of order 
± 22 μrad. When used with a F-theta 
scan lens of 100 mm focal length this 
equates to a resolution of ± 2.2 μm. The 
field of such a system will be f x Tan Ø 
where f is the focal length of the lens and 
Ø is the angle of incidence of the beam 
at the lens. For a scanner operating over 
a range of ± 12º this corresponds to field 
dimensions of ± 21.3 mm. 

Figure 1 shows the optics of a form 
of NeoScan™ refractive scanner. It 
uses standard galvanometer control 
to provide orthogonal motion to a pair 
of inverted positive meniscus lenses. 
The lens arrangement demagnifies the 
scan field by more than two orders of 
magnitude, thereby improving repeat-
ability and resolution by a correspond-

ing factor. In the above example where 
the field dimensions of the scanner had 
a field size of ± 21.3 mm, tilting a 2 mm 
thick sapphire plate (index of refraction 
of 1.796) through ± 12 degree would 
produce a change in displacement of 
only ± 0.188 mm. Thus the resolution of 
the galvanometer is increased by a fac-
tor of 21.3÷0.188 = 113.

The tilting of the two lenses introduces 
some coma, astigmatism and spherical 
aberration, but the design of the lenses, 
their thickness and choice of material 
are optimised for minimum lens aberra-
tion. An inverted positive meniscus lens 
pair produces the lowest aberrations 
for this optical design and the use of 
lens material with the highest avail-
able refractive index further reduces 
the aberrations, and at the same time 
reduces the lens inertia.

In the system shown in figure 1 where 
the lens material is sapphire, a com-
bined lens pair focal length of approxi-
mately 200 mm and a tilt angle of 10º 
of each lens (coma restricts the useful 
range of angles to ≤  10º) the maximum 
radial shift of the spot is 170 µm. 

In an alternative optical configuration of 
the NeoScan™ the laser beam passes 
through a simple positive lens and then 
through a pair of plane parallel win-
dows, each of which is galvanometer 
controlled to provide orthogonal motion. 
In both NeoScan™ configurations the 
field size is determined by the index of 
refraction of the optical material and the 
angular range of rotation, but is typi-
cally limited to < 500 μm. However, for 
feature sizes below 500 µm this simple 
opto-mechanical configuration provides 
high precision capability. 

Figure 2 compares the quality of 
an array of holes machined with a 
NeoScan™ refractive scanner with 
those drilled with a conventional galvo 
scanner. The refractive scanner pro-
duced holes that were consistently 
closer to circular and more repeatable. 
Figure 3 makes a similar comparison 
for a circle, square, and triangle. In this 
case the geometrical shapes formed by 
the refractive scanner were substantially 
truer to the ideal. The times to form the 
features were too close to the accelera-
tion/deceleration time of the conven-
tional scanner.

Summary
The refractive scanner is an optical sys-
tem that can precisely and repeatedly 
locate a focused laser beam. There is a 
variety of galvo-based refractive optical 
configurations; the best configuration 
depends on they type of machining to 
be done and the required field size.

A NeoScan™ design is currently under 
way that will increase the scan field 
to > 1mm while maintaining positional 
accuracy and resolution well below 
1 µm and have a drilling speed compa-
rable to high speed trepanning heads. 
It will be used for fuel injection nozzle 
drilling and as a flexible security mark-
ing tool.

Michael Scaggs  
Neoteric Concepts, LLC, Weston, FL. USA
Gil Haas  
Haas Laser Technologies, Inc. Flanders, NJ, 
USA

Contact:  
sales@neotericconcepts.com

High precision refractive scanner

Figure 1: A pair of meniscus lenses mounted 
on orthogonal galvanometers in a NeoScan™ 
refractive scanner

Figure 2: Drilled 
155 µm hole 
array in stainless 
steel using (a) 
the NeoScan™ 
refractive 
scanner and (b) 
a conventional 
galvo scanner; in 
both cases with 
a 20 W fibre laser 
and a 100 mm 
focal length lens. 
The sigma value 
for the holes in (a) 
is 0.049 and in (b) 
is 2.3.

a

b

Figure 3: Geometrical shapes machined in 80 µm 
thick stainless steel using (a) the NeoScan™ 
refractive scanner and (b) a conventional galvo 
scanner. In each case the nominal feature size 
is 150 µm.

a

b
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Beam delivery
Precitec at EuroBLECH
Precitec had several new laser cutting 
and welding products on display at 
EuroBLECH 2008. 

Cutting
Precitec showed new developments in 
their fine cutting system with integrated 
camera monitoring, for use in high-preci-
sion applications such as stent cutting. 
The system is designed for use with fibre, 
disc, Nd:YAG & CO2 lasers with power 
levels up to 500 W. The new design is 
more compact and coaxial LED lighting 
is employed for the illumination. Using 
fade-in electronic cross hairs, the  camera 
allows quick and easy re-alignment of the 
system after a nozzle or lens change. 

Precitec also presented a new design of 
its well proven HP1.5" cutting head and 
a new HP SSL cutting head at the show. 
Improvements include a 
fully integrated pre-ampli-
fier inside the head and an 
optimized gas flow. 

The HP SSL head (oppo-
site) can be used in flat-
bed machines with fibre 
optic coupled lasers. The 
head works with a moni-
tored protective window 
cartridge and monitored 
replacement cartridges. 

Welding
The new compact YW30 welding head, 
which is designed mainly for fibre optic 
and disk lasers, can be expanded with 
the addition of pre-process, in-process 
and post-process monitoring, making it 
ideal in fully automated production. In 
spite of its compact design, it can be 
used for laser powers up to 6 kW.

The SOUVIS® 
5000 seam inspec-
tion system was 
demonstrated 
on a robot at 
EUROBLECH. Its 
main application 
is the inspection 
of welding and 
soldered seams. 
Using image-
processing technology, it simultaneously 
acquires the geometrical and surface 
characteristics of a joint path or seam. 

UK Contact: John Cocker  
E: johnc@lasertrader.co.uk

PRIMES offers beam parameter control
The new integrated PRIMES 
BeamControlSystem includes the 
functionality of 3 PRIMES products: 
FocusMonitor, CompactPowerMonitor, 
SPS-Interface, see figure below, where 
the dust cover has been removed.

The PRIMES LaserDiagnosticSoftware, 
enables the automatic analysis of power 
level and focus geometry under the con-
trol of the laser system. Start and Stop 
operations are performed by both the 
laser and the system control.

With the EVALUATION function, meas-
ured beam parameters can be compared 
with reference data sets and in case of 
deviations an alarm signal can be pro-
vided. Altogether, this enables the full 
automatic control and documentation 
of laser parameters in production. It is 
completely shielded against dust and 
can therefore be used on installations in 
rough industrial environments.

Contact: Harald Schwede 
E: hschwede@primes.de
UK Contact: John Cocker  
E: johnc@lasertrader.co.uk

Control
Developments at Aerotech
EPICS compatibility
Aerotech’s Ensemble™ Epaq and CP/
MP/CL series motion controllers now 
feature full compatibility with the EPICS 
open source control system. 

EPICS (Experimental Physics and 
Industrial Control System) is used world-
wide as a distributed soft real-time con-
trol system for leading light source (syn-
chrotron) facilities, telescope projects 
and other large scientific experiments 
across the global research community. 

The new Ensemble series device driver 

The SOUVIS® 5000 
seam inspection system 
is used for the inspection 
of welding and soldered 
seams

Shutter
Focus monitor

Laser beam

Connectors, 
link to 
controller

Full reports on these and other items can be found in the news section of the AILU web site

Power monitor
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for EPICS coordinates control for up to 
10 axes of high precision motion and 
associated I/O, with a choice of open 
loop stepper or closed loop brushed and 
brushless servo motors in standalone or 
rack-mount packages. 

SSaM extends the field of view
Based upon Aerotech’s advanced A3200 
software-driven motion control sys-
tem, SSaM (Synchronised Scanner and 
Motion) provides coordinated control 
of the galvo scanning head, the laser 
functions and servo-driven linear or 
rotary positioning stages. This effectively 
extends the scanners field of view for 
large work areas, removing the need to 
stitch or join several exposures together. 
Higher throughput speeds are achieved 
plus improved overall accuracy for high 
speed laser marking, cutting, welding, 
sealing and ablation applications.

New direct drive positioning stages
Aerotech’s new ALS130H series linear 
motor driven positioning stages have 
been designed for ultra high precision 
scanning and positioning applications 
where sub-nanometre level resolution 
needs to be combined with exceptional 
smoothness, high traversing speeds and 
fast acceleration over travel ranges up 
to 150 mm. The classic two-part stage 
design outperforms leadscrew driven 
alternatives with their inherent friction 
related stick-slip problems and offers a 
far higher load acceleration force than 
piezo based positioners.

Contact: Cliff Jolliffe 
E: cjolliffe@aerotech.co.uk

Measurement
Pro Lite Technology offerings
LaserCam HR™ Laser Beam Profiler
The Coherent 
range of 
LaserCam HR™ 
laser beam pro-
filers has been 
expanded with 
high resolution models designed for 
testing lasers in the ultraviolet and near 
infrared bands to provide measurements 
of the shape of pulsed and CW laser 
beams from 190 nm to 1.7 µm.

As a laser beam propagates, changes 
in the laser cavity, as well as changes 
in the beam divergence and its interac-
tion with optical elements, cause the 
width and spatial intensity of the beam 
to change. Spatial intensity distribution 
is a fundamental parameter for indicat-
ing how a laser beam will behave in any 
application. Each LaserCam HR profiler 
can precisely measure the intensity dis-
tribution and beam size of almost any 
laser beam. It ships with Coherent’s 
BeamView™ USB software which pro-
vides real-time cross-sectional as well 
as 2D and 3D profiles that facilitates 
laser system tuning and optimisa-
tion. BeamView also now ships with 
an extensive library of LabVIEW Virtual 
Instruments which allow direct control 
of virtually all BeamView functions using 
National Instruments’ LabVIEW software.

Power meter value packages
Pro-Lite LLP is now offering selected 
Coherent laser power meters as enhanced 

value packages. 
This includes sev-
eral of the most 
popular meters and 
sensors. 

The power meter value packages are 
available with FieldMate and FieldMax 
laser power meters together with the 
OP-2 VIS photodiode as well as the 
PM-10 and PM-30 thermal sensors. The 
savings are considerable, with some 
packages reduced by up to one third 
compared with the cost of the individual 
meter and sensor.

The FieldMate power meter is small on 
price but big on performance, combining 
a precise digital display with a fast ana-
logue meter. The FieldMax II TO meter 
combines a bold digital display and an 
analogue-like bar graph as well as a 
USB interface port. The OP-2 VIS sensor 
is based upon a sensitive silicon photo-
diode for measurements from 10 nW to 
50 mW (or 5 W with optional attenuator) 
in the range from 400-1100nm. The PM-
10 and PM-30 are rugged thermopile 
sensors for beam powers up to 10 W 
and 30 W respectively in the range from 
0.19-11µm.

In addition to the sensors available in 
the value programme, the FieldMate and 
FieldMax II TO meters are compatible 
with Coherent’s full range of thermal and 
optical sensors which can be ordered 
separately.

Contact: Robert Yeo 
E: info@pro-lite.uk.com

Quality laser safety equipment and compliance services based on
over 100 years of collective experience.

Protection
Products

Tel +44 (0)1202 770740 sales@lasermet.com www.lasermet.com

Theworld leaders in laser safety

Installations

UKAS
Accredited
Testing

Expert
Advice &
Training

AILU _3rd_190x89mm_World.qx7:Electro Optics  18/9/08  17:06  Page 1



MEMBERS’ NEWS

8 The Laser User       Issue 53, Winter 2008

Compact Handheld Meter
Scientech has 
introduced a new 
line of calorimeter 
laser measurement 
systems utilizing 
their new intel-
ligent detector technology. Designed to 
be very robust, these new systems con-
sist of a handheld meter and your choice 
of thermal detectors, with apertures 
ranging from 8 to 200 mm. Also new is 
an optional field calibration tool for easy 
calibration without having to send them 
back to the factory.  

The Astral Series S AI310 or AI310D 
indicators are compact, portable, hand-
held devices in a rugged, metal case. 
The AI310 marries both a 4-digit LCD 
display along with a true analogue nee-
dle meter movement. The needle makes 
laser tuning a cinch with no possible 
misinterpretation of digits. The meter can 
be powered either by the standard wall 
mounted power supply/battery charger, 
optional USB data interface, or optional 
battery.

The Astral Series S detectors are availa-
ble in either surface or volume absorbing 
models.  The surface absorbing mod-
els are ideal for measuring CW lasers 
while the volume absorbing models are 
designed for pulsed lasers using either 
the watts mode or single pulse energy 
mode.

Each detector also comes with a NIST 
traceable calibration certificate.

Contact: Peter Bennet 
E: info@laserphysics.co.uk

BFi OPTiLAS introduce the Vega
The Vega from 
Ophir is claimed 
to be the most 
versatile and 
sophisticated 
handheld laser 
power/energy meter on the market. Just 
plug in one of the many Ophir smart-
heads and you have a whole measure-
ment laboratory at your fingertips. The 
bright colour display gives unparalleled 
legibility and ease of interpreting infor-
mation. 

Besides measuring power or energy 
from pJ and pW to hundreds of joules 
and thousands of watts, the Vega has 
many on board features such as laser 
tuning, data logging, graphing, normalis-
ing, selecting power or energy density 
units, attenuation scaling, and max and 
min limits. 

For ease of laser tuning, the Vega can 
also display the power or energy with a 
high resolution simulated analogue nee-
dle. The Vega can be operated either by 
battery or from an AC source with the 
charger plugged in at all times. Its bright 
display and backlit keys allow easy use 
in dark room conditions or with laser 
glasses on.

Contact: Simon Gray 
E: sales.uk@bfioptilas.com

Safety
Newport's new beam block tool holder
Newport have launched the 
new BB-L magnetic-base 
beam block tool holder; 
a  black-anodized alumi-
num alloy multi-function 
accessory for the lab that 
combines the features of a 
beam block, alignment tar-
get and tool holder, making 
it a useful accessory research lab or 
production environments.

The front surface of the BB-L has a 
grid reference pattern for aligning or 
levelling a laser beam, indicating height 
above the table surface. Unused or 
stray beams are easily blocked and two 
sets of holes are provided in the top 
for mounting ball drivers. It also incor-
porates a 3-element magnetic base to 
allow quick and stable placement onto 
the steel surface of an optical table.

Contact: Hans Dabeesing 
E: hans.dabeesing@newport.com

Software
A response to ERP demands
Demand for Enterprise Resource 
Planning (ERP) solutions in the sheet 
metal industry has led Lantek to create 
a dedicated team for its Lantek Expert 
III ERP software in Spain, replicating the 
business model in its UK subsidiary.

Lantek, a worldwide market leader in 
CAD/CAM systems for the sheet metal 
sector, used its expertise to develop the 
Lantek Expert III ERP system, to provide 
sheet metal companies with a business 
management system that would improve 
on the performance of generic ERP 
packages. The software provides tools 
for creating highly accurate quotations, 
managing purchasing and stock levels, 
monitoring and controlling manufacturing 
processes, and providing management 
reports on key performance indicators. 

Contact: Rob Powell 
E: rob.powell@lantek-systems.co.uk

Materials Processing
Machines

BLM ADIGE 
LT 8 Lasertube
The BLM ADIGE LT 8 
Lasertube is a new 
‘clean sheet of paper’ 
design  with several 
innovative features 
and is available with 
a choice of up to 3500 W power (as 
standard) 2D or 3D cutting head. It has 
a round tube processing capability of 
12 to 220 mm diameter and a maxi-

Laser Measurement

www.photonics.bfi optilas.co.uk

Suppliers of specialist instruments
to laser users

Laser Power & Energy Meters• 
Beam Profi lers• 
M   Measurement Systems• 

Tel : 01908 326326
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Laser Safety

www.photonics.bfi optilas.co.uk
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Curtains & Barriers• 
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mum square section capacity of 200 x 
200 mm. It has two separate raw tube 
loaders – an automatic one for tube 
bundles and, on the opposite side of the 
machine, a single bar automatic loader. 
This provides total production flexibility 
and contributes to high performance 
with the minimum of downtime. There 
is a range of discharge systems for fin-
ished part lengths up to 8.5 m.

LT 722D Lasertube 
The LT 722D can process 
round, square, rectan-
gular and flat-sided oval 
section tube up to 152 
mm diameter in lengths 
up to 6.5 m or 8.5 m, 
with fully automated bar 
handling throughout the entire sequence 
of load, measure, feed, cut and unload. 

Up to 80% more productive than its 
predecessors – and the more complex 
the part the greater the productivity 
increase – the LT 722D incorporates a 
number of hardware improvements that 
contribute to faster processing of tube. 
However, the biggest change is to the 
software that has been configured to 
make optimum use of the new machine’s 
processing capabilities. Optional features 
include an anti-spatter device for use 
with stainless steel tube in applications 
where hygiene is an absolute priority. 

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

EOS
FORMIGA P 100 laser-sintering machine
The new EOS FORMIGA 
P 100 entry-level laser-
sintering machine for 
the production of plas-
tic components offers 
turn-around times of 
less than 24 hours and 
integrates itself perfectly 
into a continuous pro-
duction environment that 
requires high flexibility at 
comparatively low investment cost.

The preparation and control of the build-
ing process is carried out at the user’s 
desk. Hence the FORMIGA P 100 lends 
itself to decentralised production. The 
machine is particularly easy to set up, 
use and maintain.  With 50 FORMIGAs 
shipped since its launch, there is clear 
market acceptance for this machine, 
which can build parts with high surface 
quality and resolution.

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

Kayedee
Kaye-Dee Marking Solutions of Sheffield, 
a leading supplier of product marking 
equipment in the UK and Ireland, recent-
ly announced their new partnership with 
NWL Laser Technologies of Germany. 
Here they introduce three of the new 
range of fibre laser markers.

NWL Nautilus
The Nautilus offers 
high resolution and 
precision marking 
at high speed and 
efficiency. Almost 
all materials can be 
marked, both flat and 
shaped parts, for 
standard tasks and serial number mark-
ing. The Nautilus table top system is suit-
able for stationary as well as mobile use.

NWL Forano 
Designed for use in the typical workshop 
environment, the small Forano will fit 
onto practically any existing workbench. 
There is enough space in the integrated 
Class-1 booth to be able to mark large 
and small parts safely with high quality 
from a size of 0.2 mm upwards. 

NWL Mistral
The Mistral is offered both as a seated 
workplace model to mark a small 
number of parts and integrated into pro-
duction lines for automatic operation. Its 
main use is in marking metals (engrav-
ing, annealing colours), plastics (colour 
change, material debris) and ceramics 
and it is available in different versions 
with output powers from 4.5W up to 
120W.  

Contact: Christian Simpson 
E: info@kayedee.co.uk

LVD
Strippit laser-punch combination system
The new Strippit 
LP-1225 Laser-
Punch combina-
tion system offers 
inexpensive flexible 
part processing. It 
is available as a stand alone machine or 
as part of an integrated automated pick-
sort system.

The LP-1225 is capable of punching, 
forming, tapping and laser cutting. 
Equipped with a low noise/scratch sen-
sitive brush bed system, it is ideal for 
processing lighter gauge components. 
The LP-1225 has a capacity of 1250 x 
2500 mm maximum sheet size, 20 ton 
programmable hydraulic press drive, and 
6,35mm maximum material thickness.

Axel 4020 laser cutting system
Incorporating 
the most recent 
advancements 
in linear drive 
technology, laser 
power and control systems, the Axel 
4020 provide superior cutting, flexibility 
and ease of use in sheets up to 4x2 m. A 
constant beam length maintains a fixed 
laser beam diameter and the focal point 
position, maintaining a superior cut qual-
ity over the entire working area

The Axel 4020 frame design incorporates 
high precision hardened guideways and 
optimal drive systems for high accelera-
tion and positioning speeds. It is available 
with an automated load/unload system 
that can be retrofitted at a later date.

Contact:  
E: kvcl@lvd.be

Rofin
CUBE laser marking system
The CUBE is a highly 
flexible and configurable 
system. It can be fit-
ted with a range of laser 
sources, scanning and 
focusing optics and axes, 
providing the capability for 
reconfiguration to address a multitude of 
marking applications in the production 
environment or research laboratory.

The system incorporates automatic rise 
and fall doors, on three sides if required, 
enabling parts to be automatically 
loaded and unloaded by robot as part of 
an integrated production facility. Equally 
the CUBE can be used as a stand-alone 
system.

The fully integrated Rofin Control Unit 
controls all of the laser parameters, the 
motorised axes and the galvo scanning 
head. 

Contact: Mike Batchelor 
E: sales@rofin-baasel.co.uk

Trumpf
TruLaser 3030 NEW
The TruLaser 3030 
NEW comes equipped 
with a 5 kW CO2 
laser for cutting sheet 
up to 25 mm thick. 
Improvements have 
raised the axis speed from 85 m/ min 
(original design) to 140 m/min. 
Additionally, the FastLine process is now 
a standard feature ensuring a smooth 
transition between piercing and cutting 
to reduce processing time for thin sheet 

Try the search facility on the AILU site - type in a company name to see a list of all their news items
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by an average of 20%. A universal cut-
ting head is included, covering the entire 
range of sheet thicknesses and eliminat-
ing downtime for head exchange. 

Machine and process protection has 
been improved and problems of incon-
sistent sheet quality can easily be over-
come. Set-up flexibility is also far supe-
rior on the TruLaser 3030 NEW. Also, 
the pallet changer can be positioned 
perpendicular as well as parallel to the 
machine, reducing the required installa-
tion space by about 20%.  

TruMatic 7000
By incorporating fly-
ing optics and addi-
tional axes in X and Y 
on the cutting head, 
significant speed 
improvements have been achieved on 
the TruMatic 7000. To maximise this 
potential the machine introduces a new 
‘decentralized’ controller by Bosch 
Rexroth: whilst the higher level NC 
control system regulates the workpiece 
movement, the drive-based motion 
logic moves the laser head an additional 
52 mm radius. The combination signifi-
cantly increases traverse speed. 

Head changing is no longer neces-
sary and an automatic nozzle changer 
takes care of changing cutting gas noz-
zles. Among the enhanced automation 
options on this machine the SheetMaster 
loading and unloading unit allows the 
machine to cut and unload up to four 
parts simultaneously. 

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

Technology
New materials from EOS
Plastics
PrimePart DC is a new, 
impact resistant plastic 
material from EOS. The 
natural coloured polya-
mide offers an elongation 
at break of 50%, about 
twice the value for previ-
ously available materials. 
PrimePart DC also has a 
high impact resistance and as a result 
there is a lot of interest in this material 
for the manufacture of interior parts of 
automotives.

A further new plastic is PrimePart ST, a 
flexible material that reaches an elon-
gation at break of up to 250%. Parts 
laser-sintered from this material are fully 

dense, so gas-tight products can be 
produced directly and without requiring 
infiltration.  PrimePart ST is the first flex-
ible material in the world of layer manu-
facturing technologies that does not 
require post-infiltration.  Potential appli-
cations are shoe soles, seals and hoses.

Another new plastic powder is a black 
version of the proven EOS PA2200 (white) 
material. Parts in this material, which are 
black throughout their whole volume, are 
resistant to scratches, abrasion and dirt 
and are attractive to industries where this 
colour of components is relevant, such as 
in the automotive industry.

Metals
Following the introduction of commer-
cially pure EOS Titanium TiCP, EOS has 
developed alloyed versions that are 
applicable to aerospace, motorsport and 
medical applications.  EOS Titanium Ti64 
(6% aluminium, 4% vanadium) combines 
light weight with corrosion resistance, 
high strength and good bioadhesion.

Also new 
from EOS is 
a special pur-
pose CoCrMo 
superalloy, 
CobaltChrome 
SP2. It was 
developed espe-
cially for dental 
restorations including crowns and bridg-
es. Key characteristics are high strength, 
corrosion resistance, biocompatibility 
and a thermal performance suited to 
veneering with dental ceramic. EOS 
offers several metal materials tuned to 
the needs of specific applications. 

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

Synrad CO2 lasers in the medical 
product industry
Laser marking is a 
natural choice in the 
medical device indus-
try, where permanent, 
traceable, yet sterile 
marks are essential. 
CO2 lasers are ideal for marking many of 
the materials used in this sector - from 
plastic tubing and implantable devices, 
to glass vials, steel instruments, and 
paper packaging.

Synrad CO2 lasers provide a permanent 
means of identifying products without 
the use of hazardous inks, chemicals, 

or other consumables. The flexibility of 
software-controlled laser marking ena-
bles users to change data such as lot 
codes, date codes, order numbers, and 
other regulatory data, as frequently as 
needed. Synrad lasers are also finding 
an increasing number of cutting, drilling, 
and welding applications in the medical 
product manufacturing industry. 

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

New Laser Technique Makes Greener 
Technology More Cost-Effective 
Powerlase Ltd has announced the devel-
opment of the 400G laser (400 W at 
532 nm) for Green Laser Annealing (GLA) 
in Active Matrix Organic Light Emitting 
Diode (AMOLED) screen manufacture. 
Compared to their plasma screen equiv-
alents, they consume much less energy. 

The 400G, the most powerful diode-
pumped, solid-state green laser currently 
available, has been developed and test-
ed in cooperation with one of the leading 
display screen manufacturers and is now 
entering the final development phase 
before being implemented in high vol-
ume manufacturing facilities.

Many companies are developing the 
GLA process to improve line consist-
ency, which is the problem with con-
ventional ELA (Excimer Laser Annealing) 
solutions. The GLA process creates long 
crystals of polysilicon that are needed 
to provide the required picture perform-
ance. This innovation is reflected in the 
dropping price of AMOLED displays.

Kevin Reardon, Head of Business 
Development at Powerlase, said, “We 
have been working very closely with 
Dukin in Korea and LIMO in Germany on 
this project. It is partnerships like these 
that allow us to continue our customer 
focused product development.”

Mr Jung, from Dukin commented that 
the introduction of GLA had stream-
lined AMOLED production. "The ELA it 
replaces, although functional, has a high 
cost of ownership. Currently, the running 
costs of the ELA equipment is about 
US $600,000 per year. This equates to 
a process cost of approximately US $10 
per glass sheet. GLA is predicted to be 
considerably more cost effective than 
this,” he said.

Contact: Paul Harrison 
E: paul.harrison@powerlase.com

Sunglasses 
produced in 
PrimePart DC

Dental crowns built in 
CobaltChrome SP2, ready 
for the application of 
ceramic vaneers

Full reports on these and other items can be found in the news section of the AILU web site
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"Over a 25 year period, I have bought many
LASERDYNE multi-axis laser systems and still feel
good about every one of the purchases. These
systems are still going strong doing the most
difficult multi axis laser drilling, welding, and
cutting applications at very complex angles and at
extremely high speeds. LASERDYNE systems are
perfect for drilling aerospace turbine combustors
and other applications where tight hole diameter
tolerances and complex motion is required.

"The flexibility of the LASERDYNE system design
ensures laser beam access to difficult part
locations. With their exclusive features like Optical
Focus Control - OFC™, you're guaranteed
productivity increases, often as high as 4 to 1."

"Over the years, when I considered a new laser
system purchase, I evaluated other suppliers but
always came back to LASERDYNE. The competition
has tried to copy them but never got it right. Take it
from me and my experience with LASERDYNE, it’s
the only way to go."

Daryl Grubb, 
One of a large number of successful 
LASERDYNE SYSTEMS users

LASERDYNE SYSTEMS
763.433.3700 
www.prima-na.com

“I purchased LASERDYNE systems while
working at 4 different companies”

Daryl Grubb

“Best equipment decisions I ever made!”

#5161 LASERDYNE 795 Darly Grubb Ad r6:Layout 3  11/20/08  1:56 PM  Page 1

Case studies
First move into laser cutting
Technical Tubes 
Limited was estab-
lished in the 1950’s. 
An owner run busi-
ness, the company 
provides a full tube 
manipulation and fabrication sub-con-
tract service to a wide range of industries 
including civil engineering, marine, earth 
moving equipment, automotive, motor-
cycle accessories, healthcare products 
and shop fitting – to name but a few! The 
combination of a skilled workforce and 
investment in the latest production equip-
ment allows Technical Tubes to manufac-
ture products from development, proto-
type through to volume production.

The company already realised the ben-
efits of laser cutting, so when a need 
arose to update an existing plasma 
machine and CNC punching machine, 
they finally decided to invest in their first 
laser cutting system.

David Morley, Technical Tubes manag-
ing director, comments: “Once we had 
decided to invest in a laser we needed 
to find a system which was best suited 
to our business needs and offer best 
value. We looked at various laser sup-
pliers before opting for the Bystronic 
ByVention equipped with a 2.2 kW laser.  

“The machine has a small footprint 
requiring just 6 x 60 m of floor space 
and its fixed, all in price, meant we 
knew exactly what we were getting for 
our money. Other manufacturers simply 
don't offer a comparable machine.”

When the ByVention was launched in 
2006 it represented not only a complete-
ly new innovation in the field of laser 
cutting systems but also a new business 
model for Bystronic and the laser indus-
try in general. Customers can invest in 
a ByVention at around half the cost of 
other high quality laser cutting machines, 
and can process some 80% of the spec-
trum of parts.

With Technical Tubes being new to the 
concept of laser cutting any invest-
ment had to be easy to operate and 
the ByVention is no exception. The 
ByVention is operated via pre-defined 
programs and cutting parameters using 
a touch screen, thereby reducing train-
ing time to a minimum. After the short 
period of training Technical Tubes opera-
tors were familiar with the control and 

its integrated function, allowing them to 
operate the machine to its full capacity.

The ByVention is the smallest laser cut-
ting machine for standard-sized metal 
sheets. The control cabinet and the sys-
tem’s laser source are integrated in the 
machine frame and form a single unit. 
Similarly, the cooling unit and air filter are 
combined in a compact, powerful unit.

Mr Morley continues: “Thanks to the 
'everything included' concept, we knew 

exactly what we were getting for our 
money – the machine itself, the Bysoft 
CAD/CAM software package, commis-
sioning and basic training as well as the 
two year warranty and maintenance.”  

“Our operators have adapted easily to 
the machine and our customers are 
reaping the benefits of high-quality, pre-
cision cut laser components.”

Contact: Dave Larcombe 
E: david.larcombe@bystronic.com
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“as we don’t know what we will be cut-
ting from one day to the next. We quote 
our laser profiling turnaround as three to 
four days, but in reality we achieve one 
to two days.

“Small batches are the norm for us, so 
the flexibility of the Mazak lasers is vital. 
As an average batch size is around 10 
parts with a tolerance of ± 0.2 mm we 
need to be able to change the laser set 
up quickly. The accuracy required can 
be as tight as ± 0.05 mm and from our 
experience we are confident the lasers 
will achieve this.” 

As the company’s reputation for quality 
and precision engineering has spread so 
too has its customer base, and it is now 
regularly servicing orders from the North 
of Scotland and Ireland to the South of 
England. The prestigious customer list 
includes companies well known within 
the marine industry both nationally and 
internationally, as well as pharmaceuti-
cal, automated packaging equipment, 
agricultural and heavy goods vehicle 
recovery specialists. “The strength of 
this reputation rest squarely on the engi-
neering skills of our staff, which in turn 
relies on the capability of the machines 
we use. Without doubt the machines 
from Mazak Laser uphold and strength-
en this,” concludes Andy Woods.

Contact: Tim Aldous 
E: tim.aldous@mazaklaser.co.uk

BK Engineering build on service
BK Engineering in 
Heath and Reach, 
Leighton Buzzard, 
aims to offer 
its customers a 
complete service 
for high-qual-
ity sheet metal 
fabrications with a speedy turnaround. 
The company, which was bought by its 
present owners in an MBO two years 
ago, has now invested in an LVD Orion 
3015Plus laser system with automated 
loading/unloading to further develop the 
service it offers.

As manufacturing director Don Cook 
explains, "We believe that there is still a 
strong niche market for small to medium 
batch work, especially at the high qual-
ity end and where a fast turnaround and 
on-time delivery can be provided. Quality 
is important, price is important, but on-
time delivery is the key; most people 
work to tight deadlines on delivery, and 
these get passed down to us.” 

With an LVD Global punch press and 
LVD PPEB press brake already in place, 
BK looked at how it could build on this 
to further enhance its service levels and 
ensure it remained competitive.

“We felt that, with our costs rising, and 
the constant pressure from customers 
to reduce costs, the only way to remain 
profitable was to invest in capital equip-
ment,” says Don Cook. “We saw the 
laser, particularly with the ability to run 
lights out, as a way forward.”

“Having already established a good 
relationship with LVD we looked at what 
they could offer first and weighed the 
other machines against that benchmark. 
LVD’s Orion came out best in terms of 
ease of setup, flexibility, value for money 
and the level of service that we knew 
LVD provided. It is also a machine with a 
small footprint that suits us very well.”

“A lot of the orders we get now are 
schedule orders. We can run three or 
four months’ worth overnight on the 
laser and that eases the pressure on the 
factory and enables us to maintain our 
delivery dates,” says Andy Gray.

“The laser complements our punch 
press very well,” says Don. “Jobs with a 
lot of holes pierced in them are better off 
on the punching machine. Anything with 
very fine detail, or lots of angles and in 
thick material is difficult to produce on 
the punching machine, but on the laser, 
if you can draw it, you can cut it."

“With LVD’s Art to Part programming 
philosophy you do all the engineer-
ing work before it hits the shop floor 
to make it as easy as you can to get it 
through production.” 

One of the big changes at BK since the 
buyout is that it tries to provide a com-
plete service, from design to painted 
fabricated part.

Don says, “You have to differentiate 
between price and cost. Someone else 
may be 10% cheaper, but when you 
factor in on-time quick delivery, minimal 
defects, help with developing products 
and help with engineering cost out of the 
product – the true cost of our service will 
be better for them in the long term. For 
a company like us flexibility is absolutely 
paramount, and the LVD Orion adds to 
that flexibility.”

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

DC Group address the marine sector
Comprising DC 
Developments 
(Engineering) 
and DC Marine, 
Norwich-based DC 
Group provides a 
one-stop-shop for its varied customer 
base. A 35-strong precision engineering 
subcontract business, DC Group offers 
an array of manufacturing services sup-
ported with machine tool investment. A 
precision machine shop houses multi 
axis turning centres and high speed 
machining centres for complex cylindri-
cal and prismatic components; a high 
volume turning shop equipped with a 
number of cam autos provides smaller 
turned parts; the fabrication and welding 
workshop is equipped with two press-
brakes, a 100 tonne power press and a 
heavy-duty ring roller, as well as more 
than a dozen MIG and TIG and spot 
welding stations; and a highly produc-
tive laser profiling shop is equipped with 
machines supplied by Mazak Laser.

The company still uses a 1 kW Mazak 
Turbo-X48 purchased over a decade ago, 
which was followed by another Mazak 
Laser flat bed machine, a more powerful 
2.5 kW Super Turbo-X48 Hi-Pro.

As the Laser Department manager, Andy 
Woods, explains: “All of our workshops 
interact with each other keeping eve-
ryone busy and the marine business, 
which was originally established for the 
purpose of building luxury motor cruis-
ers, had a growing demand for stainless 
steel tubular components thanks to a 
thriving marine leisure industry. The flat 
bed lasers could cope efficiently with 
the stainless steel marine fuel tanks and 
mirror polished deck fitting profiles, but 
producing the various tubular above and 
below deck parts, such as handrails, 
steps and radar arches, was noticeably 
more labour intensive.”

A Mazak Laser 2 kW 6-axis Space Gear 
48 has proven to be the ideal solution 
for the company. Not only does this 
multifunctional machine allow complex 
tube and hollow section parts to be cut 
efficiently and accurately, it also provides 
an overlap in capability for the profiling 
of sheet material, 
cutting mild steel 
up to 15 mm thick 
and stainless up to 
3 mm thick. “This 
overlap is important 
to our business,” 
states Andy Woods, 

Full reports on these and other items can be found in the news section of the AILU web site
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For ablative micro-processing the short-
est wavelength lasers provide strong 
coupling with all materials and deliver 
the highest lateral and depth resolution. 
The next most important parameter 
of the laser source is pulse-to-pulse 
stability and the homogeneity of the 
on-sample laser fluence. Excimer lasers 
can meet these requirements, providing 
pulsed UV output energies ranging from 
50 mJ up to 1000 mJ.

Lab-on-Chip Technologies

Highly miniaturized devices in biomedi-
cine include relatively simple products 
such as micro-arrays used in the phar-
maceutical industry for high throughput 
drug discovery, and more complex 
microfluidic devices.  Lab-on-chip 
devices, as shown in figure 1, are widely 
used in genomics and proteomics, and 
facilitate miniaturization and automation 
of analytical testing.  

Excimer micromachining can create 
features with the desired resolution and 
accuracy. Many lab-on-chip systems 
require electrical contacts to enable 
processes such as electrophoresis; 
these too can be fabricated using exci-
mer lasers, by ablating small through- 
holes (typically circular with a diameter 
of a few tens of microns) at the required 
locations. After laser-drilling, the holes 
are completely filled with metal in a 
vapour deposition process, forming 
both a liquid-tight seal and a through- 
electrode.

Direct Patterning of Surfaces
There is growing demand for low unit 
cost, miniaturized electrical circuits for 
applications such as disposable medi-
cal sensors. In the application shown 
in figure 2 the output beam from a 
308 nm excimer laser is reshaped in a 

beam homogenizer 
and passed through a 
photomask contain-
ing the pattern for 
an entire circuit. The 
mask is imaged at the 
work surface which is 
a plastic film on which 
a thin layer of metal 
has been deposited. 
Most of the UV radia-
tion passes through 
the thin film and is 
strongly absorbed at 
the plastic-metal interface. This vapor-

izes a thin layer of the plastic, and in so 
doing completely removes the overlying 
metal film.

The optimum thickness is around 50 nm 
which is more than sufficient for most 
flexible circuit applications, which typi-
cally do not carry high current. Circuit 
feature sizes down to 10 µm on large 
areas up to 400 mm2 can be processed 
at a pulse energy of 1 Joule [1]. 

At 300 Hz for example, such a “sin-
gle pulse” laser process can generate 
18,000 circuits/minute. The process can 
be set up as reel-to-reel with continu-
ous feed because the short pulse of the 
laser eliminates the possibility of blur 
even at feed rates of tens of m/s, as 
shown in figure 3.

Submicron 
Surface 
Structuring
Sub-micron size 
structures are achievable in a very 
straightforward manner [2] by demag-
nifying the excimer beam interference 
pattern generated behind a phase mask 
by means of appropriate projection 
optics onto the desired sample (see 
figure 4). The Schwarzschild projection 
lens, an all-reflective optical element, is 
used to eliminate the chromatic aber-
rations and substrate inhomogeneity 
effects of lenses. The figure also shows 
a high contrast grating made in this way 
[3]. Such sub-micron structuring finds 
its applications in plasmonic devices [4], 
Bragg reflectors, and alignment grooves 
for liquid crystals.

Conclusion
Excimer lasers overcome the material 
limitations that often limit efforts at mini-
aturization. Stable, high pulse energy 
output characteristics provide control-
led and reproducible target ablation for 
sub-µm processing which can often be 
upscaled in output rate by reel-to-reel 
approaches. 
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Industrial micro-structuring with excimer lasers

Figure 1:  Microfluidic 
lab-on-chip device 
(dimensions 10 x 20 mm) 
for biochemical analysis 
(courtesy: Bartels 
Mikrotechnik, GmbH, 
Germany)

Detect-
ion zone

Figure 2:  Schematic of laser direct patterning

Figure 3:  Reel-to-reel production set up for 
fast single shot processing (courtesy: LPKF AG; 
Germany

Figure 4:  Optical setup for submicron excimer 
laser interference imaging using a phase mask 
and a Schwarzschild projection objective; (right) 
a high contrast grating of 0.4 µm period made in 
fused silica using this technique
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Job Shops
GF Laser and the corpus clock
One of the world’s 
most unusual clocks 
that was manufac-
tured with the help of 
gf laser was recently 
unveiled by Professor 
Stephen Hawking. 
Dubbed the strang-
est clock in the world, 
it features a giant 
grasshopper and has a 
series of slits cut into 
its face that light up to show the time. 
Invented and designed by Dr John Taylor 
for Corpus Christi College Cambridge, 
it is sited on the exterior of the college’s 
new library building.  

The involvement of gf laser with the 
Corpus Clock project began in 2007 
when they were asked to undertake a 
feasibility study in two areas: laser scor-
ing of the clock face; and the 5 axis 
laser cutting of the slits in the clock 
face. The idea to laser score the clock 
was dropped, but gf laser were asked to 
laser cut the slits.

The first challenge for the gf laser team 
was to design a suitable fixture to hold 
the clock face whilst cutting took place. 
The large diameter of the clock meant 
it would be close to the axis limit of the 
Trumpf TLC Cut 5. Although gf laser 
often used machined fixtures from a 
sister company within their group it was 
decided at this stage to utilise the laser 
fixturing software that is part of the Tru-
Tops 3D laser cutting package. This 
software automatically designs an inter-
locked egg-box type fixture based on 
the shape and form of the 3D workpiece, 
the sections of the fixture are then laser 
cut from flat sheets and slotted together. 
The laser also marks a datum point on 
the fixture which is then referenced by 
the machine to ensure cutting accuracy.

Once completed the fixture was welded 
and a few adjustments were made to 
ensure that the clock face fitted snugly 
– it was crucial that the clock face not 
move once the cutting began or the 
slits would not be cut in exactly the 
right place. Test cuts were made on a 
clock face that had been rejected at the 
explosion forming phase. Each laser cut 
slit would have a lens fitted behind it 
and the trial cuts allowed engineers at 
Huxley Bertram to make changes to the 
mounting design.

The Gem in jewellery production
Tobias Teigelkötter and his wife Christin, 
are now the 3rd generation of the family 
to run the Teigelkötter studio in Werne. 
He was introduced to laser technology in 
1995 and was immediately fascinated by 
the potential of manual welding in jewel-
lery. In 1996 he moved his studio to Idar-
Oberstein, taking his newly purchased 
Baasel Lasertech (today ROFIN / Baasel 
Lasertech) with him.

The laser allows filigree welding very 
close to heat-sensitive precious stones. 
In this way, new types of settings have 
been developed to secure the stone 
between two thin sheets, which have 
previously been cut for a perfect fit. This 
concept leaves the rear of the stone 
completely free, allowing completely new 
filigree and transparent jewellery design, 
particularly for larger stones. In addition 
to its use in setting stones, the manual 
welding laser finds many other applica-
tions in jewellery production. 

Another essential part of the success 
of the Teigelkötter studio is laser mark-
ing, which provides all of the benefits 
of contact-free, abrasion-resistant and 
permanent marking for most materials 
such as platinum, gold, silver or titanium.   
EasyJewel’s marking software automati-
cally makes geometric corrections for 
non-perpendicular approaches, whilst 
Auto-tilting within EasyJewel is available 
for large marks on curved surfaces.

Contact: Mike Batchelor 
E: sales@rofin-baasel.co.uk

Community care bed design benefits 
from laser processing resource
Sidhil Ltd of the Halifax, West Yorkshire 
manufactures healthcare equipment. 
Their initial venture into CNC laser tube 
cutting and profiling has proved so suc-
cessful that all three variants of their 
electrically-operated community care 
bed are designated 'Solite laser'. 

Such is the accu-
racy and consist-
ency of parts 
processed on the 
BLM ADIGE LT 
712D Lasertube 
that the interlock-
ing joints on the 
new design of 
bed require the 
minimum of welding, making the Solite 
laser bed strong and stable yet light and 
aesthetically pleasing. 

Sidhil’s Operations Director. James 
Ibbotson describes the decision to 
invest in laser machining as a direct 
response to increasing competition and 
the need to drive down costs. Following 
commissioning, the LT 712D matched 
the annual output of previous highly 
labour-intensive methods within a few 
months. Payback is estimated at 30 
months and there have been significant 
other benefits.   

“We now have consistent quality with 
no defects and much improved mate-
rial utilisation,” says James. “Laser cut 
parts slot together without the need for 
deburring prior to welding, while the 
laser produces perfectly round holes that 
avoid problems when the four compo-
nent sections of the Solite laser are bolt-
ed together. This is crucial because the 
bed is designed for easy assembly by 
one person without the need for special 
hand tools. Excellent fit up makes for 
faster welding and the improved surface 
finish of each joint contributes to more 
efficient powder coating.“    

The reward for Sidhil’s £½ million 
investment has been steady growth, 
with the company selling more com-
munity care beds than its competitors. 
“The Lasertube is a very reliable and 
consistent machine. In fact, we have 
not stopped production, night and day, 
six days a week, with a single shift on 
Sundays, in the two years since the BLM 
laser machine was commissioned.” 

Contact: Jon Curtis 
E: sales@blmgroup.uk.com
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The Aquamarine is 
mounted into the 
sapphire setting on one 
side. Finally, an angled 
platinum sheet is laser 
welded onto the lower 
point of the stone and 
in this way securely 
fastened

Laser engraving applied 
to rock crystal. The 
engraving is achieved using 
scanned handwriting and is 
reproduced calligraphically 
and absolutely true to the 
original

Asymmetric rings can be 
clamped and engraved 
with the special ring 
fixture provided with 
EasyJewel

The setting is made of two 
metal sheets adapted to 
the top and bottom side 
of the stone. Thin bars are 
soldered on one side, thus 
allowing some distance 
between the two metal 
sheets and in this way 
making it look much lighter

The LT 712D Lasertube 
installed in Sidhil's factory

Full reports on these and other items can be found in the news section of the AILU web site
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A few alterations were made after the 
first test and the go-ahead was given to 
cut a number of clock faces. The skills of 
the programming team, laser operators 
and the repeatability capabilities of the 
Trumpf TLC Cut 5 meant that the final 5 
axis laser cuts were performed without 
any problems. Although gf laser have 
been involved in a number of unique 
projects their involvement with the 
Corpus Clock remains one of their most 
testing and unusual projects.

Contact: Simon Tregillus 
E: simon.tregillus@gflaser.co.uk

Innovation at SLP
The success of Specialised Laser 
Products Ltd is founded on its expertise 
with applications that are ‘outside the 
box’ of normal CO2 flatbed cutting.

For example, one client’s project involved 
us cutting multi stacked vinyl flower 
stencils, the problem being that the 
detail was so fine that the layers welded 
themselves together. After spending time 
experimenting and fine-tuning parame-
ters we got it right and went into produc-
tion runs of many thousands.

In another case, a company producing 
woodworking blades wanted us to cut 
the blade from an irregular and incon-
sistent shaped forged blank, already 
stamped with their logo. The problem 
was trying to keep the logo in the cor-
rect position without a datum to work 
from. However, with some innovation we 
arrived at a successful fixture design for 
the job, one that is still ongoing today.

Our latest challenge 
was a product from 
Braun Medical Ltd; 
a forged instrument 
in medical stainless 
steel. Although the 
product was highly 
irregular in shape 
and thickness we were able to design a 
fixture/jig to accommodate and clamp 
it whilst laser cutting an interlocking ‘fin-
ger’ design that by traditional machining 
was very time consuming. We now cut a 
range of similar products for them.

SLP aims to provide cost effective and 
technologically elegant solutions to man-
ufacturing problems, and a large part of 
this is having the ability to innovate and 
people who will go the extra mile. 

Contact: Duncan Proctor  
E: Duncan.Proctor@slp-ltd.co.uk

Laser cutters burn through to reach 
Black Country Business Awards final
Midtherm Laser Ltd of Dudley made it to 
the list of finalists in the "Express & Star" 
Black Country Business of the year 2008 
awards which took place in November 
2008 at the Bescot Stadium in Walsall. 
Midtherm entered the Small Business of 
the Year category, from which the final-
ists were selected on the basis of high 
level of success they were able to dem-
onstrate in their particular sector. 

Becoming a Black Country Business 
Award finalist wasn’t easy. Midtherm 
Laser’s track record of operating in an 
extremely competitive environment was 
assessed and their ability to sustain a 
competitive advantage whilst implement-
ing strategic plans for future expan-
sion and growing their market share. 
Midtherm were also able to highlight 
their progressive attitude towards the 
laser cutting industry and their commit-
ment to staff development and training.

Dean Cockayne (Operations Director) 
said, "Midtherm Laser was really proud 
to be chosen as a finalist for this award. 
It was a great boost for our hard working 
team and reflects their success in win-
ning new business and providing a first 
class service to our existing client base. 

Over the past few years, Midtherm Laser 
has grown to be one of the largest inde-
pendent laser cutting subcontractors in 
the Midlands, and I need to thank our 
loyal staff and customers for their whole-
hearted support".

Contact:  Dean Cockayne 
E: dean@midthermlaser.co.uk

Subcon laser install Trumpf five-axis
Nuneaton-based Subcon Laser Cutting 
Ltd has installed its third five-axis, 3D 
laser processing cell from Trumpf in 
the form of the very latest TruLaser Cell 
7040. As one of only six of its kind in 
the UK, the machine is helping secure 
orders by turning potential loss making 
jobs into profit-earning contracts.

While 2D laser profiling has become 
intensely competitive over the past 
decade, the services of subcontractors 
offering both 2D (two-axis) and 3D (five-
axis) laser cutting remains highly prized. 
Nevertheless, with automotive custom-
ers applying increasing pressure on 
prices, General Manager Tom Mongan. 
decided to invest in the new TruLaser 
Cell 7040 five-axis laser processing 
centre, which was installed in May 
2008. "The new machine profiles panels 
much faster and the twin cell concept 
enables us to unload while cutting is in 
progress," said Tom. 

“Our investment 
in the latest 
Trumpf technol-
ogy means that 
we can absorb 
the increasing 
prices of raw 
materials and overheads so our custom-
ers are not affected,” Tom added. “We 
promote ourselves as keen investors in 
the latest technology, and we knew there 
were already five TruLaser Cell 7040 
machines in the UK. Although we offer 
great service, quality and delivery, these 
business functions are taken for granted 
in the modern marketplace: ultimately 
you need to offer a competitive price.”

“Over the past five years I have personal-
ly seen some good companies go to the 
wall, so we know it’s not easy out there,” 
he continues. “Our continual investment 
programme enabling us to offer cost 
effective precision cut parts that will 
appeal to many manufacturers, particu-
larly those with a requirement for 3D cut-
ting of pre-formed panels and parts.”

“It has been a joy to behold the advanc-
es in laser technology over the past 
10 years,” he concludes. “If machine 
tool manufacturers such as Trumpf can 
achieve half of that improvement in the 
coming 10 years it will be fantastic. 
Personally I can’t wait to see the next 
advancements in laser technology.”

Contact: Tom Mongan 
E: tmongan@subconlaser.co.uk

Try the search facility on the AILU site - type in a company name to see a list of all their news items
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As part of a major research project into 
high precision micro and nano scale 
manufacturing and machine design, the 
Manufacturing and Laser Processing 
Research Group at The University of 
Manchester is using an Aerotech sup-
plied three axis (XYZ) linear motor driven 
positioning system that provides a posi-
tioning resolution of 0.5 nm and a cali-
brated positioning accuracy to ± 0.3 µm 
per axis over its 50 mm x 50 mm x 50 
mm travel range. This state of the art 
system, which includes three ALS130H 
direct-drive linear stages with Ndrive CL 
series linear technology servo amplifiers 
and the PC based, software-only A3200 
motion controller, is currently undergo-
ing extensive testing. It will be used as 
a benchmark positioning system within 
a new generation of micro-machines to 
help establish micro machining accu-
racy capabilities and to develop new 
design concepts for next-generation 
ultra-high precision manufacturing. 

The EU grant (I*PROMS) funded project 
is led by Dr Samir Mekid for Production 
Automatic Control activities and 
includes investigating and optimising 
the design of ‘desktop’ micro-machines 
that are used to produce small com-
ponents that require sub-micron to 
nanometre level linear accuracy and 
micro-radian level angular accuracy. 
This could also cover meso-manufac-
turing for parts having features with a 
few micrometers. The machine employs 
current milling process but could be 
extended to include electro discharge 
machining (EDM), electro chemical 
machining (ECM) and other processes. 
Although there are advantages to using 
smaller sized machines for these appli-
cations (such as space and energy 
savings, larger natural frequencies for 
reduced vibration and lower mass for 
higher throughput capability), the cur-
rent offering of commercially available 
desktop machines generally does not 
match the accuracy and finished com-
ponent quality of larger conventional 
machine tools that are adapted for 
micro-scale production. 

To address this fundamental issue, the 
work extends to developing a greater 
understanding of the micro forces and 
other micro phenomena that influ-
ence precision at the sub-micron scale 
where, for example, surface forces that 
are considered negligible at the macro 
scale become extremely influential. 

Within the scope of this project, the 
measurement of these individual and 
combined forces requires the develop-
ment of new sensor technologies. This 
work is being achieved with other major 
research at the University including the 
EU-funded DYNAMITE, smart sensing 
project which aims to develop sensors 
that will significantly advance the area 
of predictive maintenance on machines.

The project is also studying and inno-
vating solutions for the metrology, 
robotic handling and the assembly 
requirements for small scale compo-
nents that are impossible for human 
handling and are also strongly influ-
enced by other interactive micro phe-
nomena such as electrostatic forces 
and surface tension. Some of this work 
developed by Dr Mekid centres on a 
novel vision system based on sub-pixel 
edge detection for inspecting micro-
scale features; and on the other side 
new laser based sensors using the 
Doppler Effect for in-process inspection 
and error compensation of components 
while they are being machined.

There is a dearth of information avail-
able for modelling micro forces. The new 
research will redress this by developing 
static, dynamic and thermal models in 
relation to volumetric measurements of 
manufactured test components. 

Another fundamental for the project is 
to develop motion and machine con-
trol systems with two different design 
philosophies. The first to control a 
mechanical system that is essentially 
‘near perfect’ and will meet specifica-
tion with conventional servo controls; 
the second level is a control system that 
includes error compensation, capable of 
correcting small scale errors from a pre-
calibrated look-up table or in conjunc-
tion with higher order feedback systems 
such as interferometry. 

Aerotech’s ALS130H linear positioning 
stage features a centre driven, zero-
cogging brushless linear motor with 
anti-cage creep cross roller bearings 
for exceptionally smooth performance 
and excellent in-position stability. A 4.0 
micron glass scale linear encoder with 
40 MHz encoder processing provides 
high speed capability of up to 300 mm/
sec with a maximum acceleration to 
1g (no load) when used with the A3200 
motion controller. Cross roller technol-
ogy provides the stiffness and durability 
required for higher load applications with 
high resistance to shock loading that is 
essential for machining applications.

The choice of Ndrive CL series DSP 
based linear stage servo amplifiers pro-
vides extremely low noise, essential for 
sub nanometre applications. The linear 
amplifier technology also allows precise 
feed control from µm/s level up to the 
high speeds required for fast traverse. 
The technology also provides zero 
crossover distortion, which ensures high 
accuracy interpolation when compound 
axes are reversed to machine corner 
details or circular paths.

Aerotech’s A3200 Digital Automation 
Platform is a software-only motion and 
machine control system that runs on 
a PC and uses the industry standard 
Firewire® communication network to 
control up to 32 axes of high speed 
motion and synchronised I/O. The 
A3200 provides linear, circular, heli-
cal and spherical interpolation, cutter 
compensation, parts rotation, mirroring, 
path retrace, polar transformations and 
cylindrical transformations. Electronic 
gearing functions are also available and 
advanced features include high-speed 
registration, multi-dimensional error 
mapping and orthogonality correction, 
autotuning, backlash compensation and 
gantry algorithms.

The complete stages were delivered 
fully assembled and tested with all set-
up and tuning parameters pre-loaded 
into the controller but could be adjusted 
according the user’s need as in this 
project. This makes the system commis-
sioning straightforward and ensures no 
time was wasted on this extremely inter-
esting and potentially ground-breaking 
research project.

Contact: Cliff Jolliffe
E: cjolliffe@aerotech.co.uk

University of Manchester chooses Aerotech for micro-positioning

Three axis micro-milling machine at the 
University of Manchester

Full reports on these and other items can be found in the news section of the AILU web site
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I recently attended an AILU brainstorm-
ing session on the topic of developing 
future R&D strategy for laser materials 
processing in the UK. The majority of 
the discussions were on the so-called 
macro processes – cutting, welding, 
marking, drilling, metal deposition. It 
was good to see that our community 
believes research in these processes 
is still necessary, especially processes 
such as laser cutting, which some 
believe is “done and dusted” in terms 
of research breakthroughs. But even 
for such a well established process 
there are areas that need investigating: 
improving cut quality, increasing speed, 
reducing costs, etc. 

Whereas improvements in laser cutting 
would soon appear in our job shops, 
research outcomes for the other macro 
processes are less likely to impact on 
job shops. In part this reflects commer-
cial pressures and basic practicalities 
such as weld inspection requirements, 
transport of welded assemblies etc. 

Returning to the brainstorming ses-
sion, what I found most intriguing was, 
frankly, a lack of industrial interest in 
research on applications in nano (and 
the bottom end of micro) applications,  
certainly not nano-technology delivered 
or enabled by laser.

On the other hand, the main funding 
bodies for UK science and engineering 
R&D (e.g. EPSRC, European Framework 
7) are targeting nano-technology as 
a priority and many calls for funding 
are aimed at this. It is becoming com-
mon to hear academics quip that they 
have to include 'nano' in their research 
proposal in order to gain funding. The 
question is then: Why this priority for 
nano-technology? 

There are two main reasons given for 
this: 

1) “Nanotechnology” is expected to 
be a $1 trillion market by 2015 and 
all the leading countries and geo-
graphical regions are wanting to 
be the “leaders” in exploiting this 
potential market. 

2) The West has to become a knowl-
edge economy, leaving the manu-
facture of things to the low labour 
rate economies.

The UK government 
has responded well, 
by pumping money 
into R&D in nano-
technology and 
members of the laser community have 
benefited from this. Examples include 
Laser Micromachining Ltd, which 
has been supported by MNT infra-
structure funding, the MEC at Cardiff 
University, and the NWLEC project 
at the Universities of Liverpool and 
Manchester.

Yet, as the AILU brainstorming session 
revealed, the priority given to nano-
technology is not in keeping with the 
perceived needs of the industrial laser 
user community. 

It is vitally important that the proc-
ess of identifying R&D opportunities in 
laser materials processing that AILU 
is engaged in, leads to a report that  
clearly recommends an increase in R&D 
funding of research in macro processes 
- this is where UK industry is making 
its demand for research, to ensure that 
our macro manufacturing industry can 
remain competitive. Nano-cars can-
not carry people any more than nano-
planes can. As long as humans remain 
the size we are we will always need 
macro manufacturing and it can’t all be 
done on the other side of the world!

Nevertheless, UK industry needs to 
change. Whatever the true value of the 
nano-technology market, it will be a 
market that the UK can earn money in 
and UK companies should therefore 
participate. And in order to participate, 
UK companies, “macro” or otherwise, 
need to understand what is going on 
and the opportunities that are out there. 
Ultimately this includes our job shops 
too! In fact, job shops can be highly 
innovative and well placed to enter 
these markets.

I think one thing that AILU does excep-
tionally well, particularly through its mag-
azine, is inform members about what is 
new, what is being researched and what 
hopefully will be opportunities that our 
community can take advantage of.

Martin Sharp 
Liverpool John Moores University

OPINION

Nano-technology: the new 
opportunity for our job shops?

Research
AILU completes its LMP report
Representatives from UK academic and 
industrial research organisations took 
part in an AILU-organised brainstorming 
session on 2 October 2008 at Warwick 
University to generate a list of ideas (or 
needs) for future research and devel-
opment in the field of Laser Materials 
Processing (LMP) in the UK. 

The results of this event together with 
AILU's recent survey of UK R&D activities 
(see Association News in the previous 
issue) are described in the AILU report 
‘Identification of opportunities and com-
petency map of top-level providers’. It 
is available on the AILU site (Member’s 
area > Document Library > Strategy). The 
report identifies R&D opportunities and 
includes a top level listing of UK organi-
sations active in LMP research in 2008. 
A copy is being sent to the Technology 
Strategy Board where it will hopefully 
influence future R&D funding.

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

International visitors at Waterjet Centre
Delegates at the biennial International 
Conference on Water Jetting in 
Nottingham were delighted by their visit 
to the university's Waterjet Machining 
Technology Centre. “They were very 
impressed,” said Dr Janet Folkes. “We 
had comments like ‘most universi-
ties don’t have such new, cutting edge 
equipment’ and several wanted to have 
follow up contact after they returned 
home”.

Dr Folkes gave a presentation on water-
jet peening of titanium and chaired a 
session at the conference, which was 
supported by EMDA. The programme 
included presentations by delegates 
from USA, Japan, Sweden, Germany, 
Spain, India, Italy, Canada, Brazil and 
Czech Republic.

“Delegates were also very impressed 
by the brochure on the Nottingham 
Innovative Manufacturing Research 
Centre (NIMRC)," said Professor Phil 
Shipway. "They thought it unusual for 
a university to provide information tai-
lored for industrialists.” More information 
about NIMRC can be found at www.
nimrc.nottingham.ac.uk,  

Contact: Janet Folkes 
E: janet.folkes@nottingham.ac.uk

SHARP OPINION
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The AILU INTERVIEW

IREPA LASER is well known to AILU as a 
leading industrial centre for laser materi-
als processing research and training in 
France and a major supporter of Club 
Laser et Procédés. As an independent 
specialist research centre how do you 
attract the necessary funding to support 
your activities?

IREPA LASER is a centre of innovation 
and technology transfer. For this mis-
sion it receives the support of the Region 
Alsace, the State and Europe through 
R&D contracts. These funds are used for 
R&D actions, development of new proc-
esses and investments in the latest laser 
machines. 65% of the activities of IREPA 
LASER are financed by industrial con-
tracts including feasibility studies, training, 
dissemination actions like the organization 
of the ESPACE LASER trade show.

Where do you see your strongest com-
petition?

It is difficult to speak of our competi-
tors. Each research centre is different 
and answer to specific and local indus-
trial demand. IREPA LASER has a good 
know-how in laser assembling applica-
tions, cladding and direct manufactur-
ing. Our approach is very close to the 
market.

What do you see as the main threats and 
opportunities for laser materials process-
ing in Europe? Do you think that the EU 
is spending its research and develop-
ment Euros wisely and what changes 
would you like to see?

There is a threat when the laser is com-
petitive with other, more conventional 
forms of processes, such as plasma 
cutting and arc welding, because these 
too are evolving. The laser has its best 
opportunities in areas of less traditional 
materials processing where precision, 
speed and/or flexibility are required. 
There are such opportunities in the medi-
cal and energy sectors, for example. The 
arrival of new laser sources offering high 
reliability and reduced investment and 
maintenance, is further increasing these 
opportunities.

Concerning the role of EU funding of 
R&D, it is difficult for small research 
centres like ours to have access to the 
major European programmes. We pre-
fer cooperative research projects that 
are lighter, such as the former CRAFT 
programme, that are close to the mar-
ket and involve concrete industrial 
demand. The new deal of the European 
Commission is to have more competi-
tiveness by gathering different compe-
tencies and excellence. It is a new ori-
entation and one that may make it more 
difficult for smaller research centres to 
participate.

Excluding training provided by suppliers 
of laser equipment for their customers, 
there is little if any practical short-course 
training in laser processing available in 
the UK. How has IREPA LASER, as an 
independent organisation, managed to be 
so successful in providing such training? 

In France, ongoing training is a histori-
cal right for all employees. Our training 
activity started at the same time as our 
R&D activity, that is to say 25 years ago. 
Training seemed to us to be essential 
for the promotion of laser applications 
and complementary to the initial training 
given by laser machine suppliers. Since 
that time, IREPA LASER has trained 
more than 4000 people in the use of 
laser technology and its applications for 
material treatments. We have an exten-
sive training programme but on request 
we can offer tailored made courses 

How do you see the industrial use of 
lasers changing in the short to medium 
term in France and in Europe generally? 
To what degree do your activities mirror 
the use of lasers in industry? 

For applications such as marking and 
cutting the laser has become a well 
established tool like any other. This year 
we have noticed an increase in requests 
for industrial feasibility studies (30% up 
on 2007) mainly due to the recognition 
of our competencies, the reduced cost 
of laser sources and economic changes 
that encourage companies to innovate. 
Thanks to its increasing reliability and 

flexibility, lasers can now be more easily 
integrated into manufacturing processes, 
and in the medium term we see the evo-
lution of laser technology in materials 
processing becoming more focused on 
the development of special machines. 
Companies will not resort to our services 
for basic applications but more for spe-
cialized demands, new laser processes, 
advice on investment, etc.

Fibre lasers are often described as a 
'disruptive technology'. What is your 
assessment of their impact on industrial 
laser applications and to what degree 
do you see them replacing CO2 lasers in 
industrial laser machines?

Fibre lasers have certainly stimulated 
the laser market. As with the disk laser, 
it represents a technological leap in all 
industrial fields. In cutting, the beam 
quality (M2) is similar to the CO2’s but at 
a much shorter wavelength; the capital 
investment cost is close to that of a CO2 
laser of the same power; and they have 
lower maintenance and running costs - 
plus, there are no mirrors to align. Some 
laser manufacturers are already offering 
cutting machines equipped with fibre 
lasers.

There is a great interest in nanotechnol-
ogy at the moment. Are you active in this 
field at the moment?

Today IREPA LASER concentrates more 
on macro and micro applications. We 
don’t work on nano technology. There is 
an interest in the possible use of laser on 
nano-structured materials, especially for 
cladding. Preliminary R&D actions are in 
progress.

IREPA LASER 
Interview with Jean-Paul Gaufillet 

The manager of a leading independent French centre for laser materials 
processing research explains the secret of their 25 years of success

18
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How important is it for IREPA LASER 
to generate and protect its intellectual 
property? Is the sale of patent rights a 
significant source of income for you?

The sale of patent rights is a small 
source of income. When necessary we 
ask for patent rights or know-how licens-
ing. The patent on our cladding nozzle 
has enabled to develop the innovative 
process of direct 3D manufacturing 
(CLAD®)*. Today we are able to propose 
specific CLAD® equipment.

How do you address the challenge of 
keeping up to date with the latest laser 
materials processing equipment? 

Thanks to a permanent technological 
watch, work with professional networks, 
motivated project managers, participa-
tion to trade shows, contacts with R&D 
partners we manage to keep up to date 
with the latest laser development.

Are there any industrial sectors where 
the case for using lasers in manufactur-
ing still to be made in France?

Laser can be used in many industrial 
sectors. The automotive sector is still 
under-exploited in its use of lasers, but 
more generally we can say that France 
is a virgin market, offering great oppor-
tunity to gain from exploiting laser tech-
nology. 

Are there any schemes in France (gov-
ernment/.regional grants, easy loans etc) 
to help IREPA LASER and other com-
panies buy expensive new laser equip-
ment?

IREPA LASER is strongly supported by 
the Region Alsace for its investments in 
new laser equipment. For SMEs there is 
a public body called OSEO that supports 
innovation and development. 

Does IREPA LASER do much work for 
companies outside of France, and how 
do you see this changing over the next 
few years?

We don’t work very much with compa-
nies outside France, except in countries 
where laser competencies do not exist. 
Our main contact with companies out-
side of Europe is indirect; direct contact 
is inhibited because of the language 
barrier.

* See pp 28 of this issue for an article on CLAD®.

A message from the 
Chair

AILU's new Product and Process 
Innovation (PPI) Special Interest Group is 
one of several new SIGs that have been 
set up to serve the special needs and 
interests of members, in this case those 
in academia and other organisations 
involved in laser materials processing 
research and development. 

Like all of AILU's SIGs, membership is 
free to those in the research community. 
At the most basic level the PPI Group 
provides networking opportunities, 
including a PPI forum on the AILU web 
site, accessible to members once they 
have logged in. This forum has already 
been put to good use for members to 
review and respond to the research 
topics identified in AILU's recently com-
pleted report on UK research in laser 
materials processing.

The PPI Group has yet to formally 
establish itself with a constitution and 
a democratically elected committee; 
in the interim period the AILU Steering 
Committee has made the following 
appointments: 
- Prof. Lin Li University of 

Manchester
- Clive Grafton-Reed Rolls-Royce
- Prof. John Powell  Laser Expertise Ltd
- Dr. Mo Naeem GSI Group
- Dr. Martin Sharp  Liverpool John 

Moores University

The mission of the group is to promote 
laser technology transfer between 
academia and industry and to bring 
together researchers, equipment suppli-
ers, system integrators and end users 
with a common interest in the creation 
and application of novel laser processing 
technologies in the real world.  

A recent AILU report [1] shows that there 
are at least 16 universities and research 
institutes and 16 companies in the UK 
that are very active in developing new 
laser materials processing (LMP) tech-
nologies. In addition, there are a further 
26 university research groups that are 
active in research activities relevant to 

laser processing. With a wide range of 
state of art laser processing facilities 
located in laboratories throughout the 
UK, these groups produce hundreds 
of publications and many patents each 
year in the area of LMP. One aspira-
tion under consideration within the PPI 
Group is the creation of a “Virtual UK 
Laser Laboratory” that would link these 
capabilities and research facilities to pro-
vide a major resource for LMP research 
and new technology exploitation.  

Another intention of the group is to 
maintain the R&D report Laser Materials 
Processing: Identification of opportuni-
ties and competency map of top-level 
providers. Laser users and researchers 
are invited to send notices of new tech-
nology highlights and patents as well as 
successful deployment of new, innova-
tive laser technologies to the AILU office 
(marked 'PPI') so that these can be 
added and used to promote the take up/
licensing of new technology by industry.

A current activity of the group is to sup-
port the Technology Strategy Board 
(TSB)  “High Value Manufacturing” 
competition call (budget of £21m) that 
opens on 19 January 2009 [2]. The call 
provides a good opportunity for the UK 
laser community to develop projects and 
collaboration between industry and aca-
demics. A briefing session was organ-
ised on 3rd December 2008 at the AILU 
workshop in Sheffield but further assist-
ance to help identify partners, especially 
technology providers and equipment 
suppliers is available via the AILU office. 

Finally, AILU is planning to hold a 2-day 
LMP symposium later this year. This new 
initiative will provide an excellent oppor-
tunity for PPI members to present their 
work to the UK industrial community. 

All in all, 2009 is shaping up to be a 
busy year for this new group! If you are 
not already a member [3], join us by sim-
ply contacting the AILU office.  

Lin Li    
E: lin.li@manchester.ac.uk 

1. R&D in Laser Materials Processing: Identification 
of opportunities and competency map of top-
level providers. is available for downloading in 
the 'strategy' section of the resource library in 
the members area of the AILU site

2. See report on pp52 in this issue for further infor-
mation on the High Value Manufacturing call.

3. The easiest way to check if you are a member of 
the group is to log in on the AILU site and click 
forums. Members have access to the PPI Forum 

AILU's new Product and Process Innovation Special Interest Group

SPECIAL INTEREST GROUPS
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SPECIAL INTEREST GROUPS

Key time for the Market 
Development Group

The Chair of 
AILU's MD Group 
considers future 
directions

AILU's Market Development (MD) 
Special Interest Group could never be 
more needed than in the present eco-
nomic climate. Its aim is to increase the 
industry uptake of laser manufacturing, 
and all AILU members who are sup-
pliers of laser-related equipment and 
services have free membership. Past 
work has resulted in the creation of 
AILU's Design for Laser Manufacturing 
website, which is aimed at encouraging 
engineering designers to think laser at 
the start of the design process. 

The DLM website was planned and 
executed by a small committee and 
with its completion the questions arises 
as to the future direction of the group 
and how its members can be more 
actively involved. Suggestions include:
• Using AILU as a trusted brand name, 

provide a central information source 
on a range of topics.

• Developing laser safety services 
within AILU to guide laser suppliers 
on regulatory requirements for laser 
products; and users on the safe use 
of laser equipment. 

• Organising surveys on matters of 
common interest, similar in approach 
to those run for the job shop group.

• Providing opportunities at exhibitions 
e.g. an AILU Pavilion with shared 
facilities and low cost booths. Bulk 
purchases of supplies is another pos-
sibility.

• Developing sponsorship solutions to 
support the AILU magazine, web site 
and events.

• Developing of market-orientated 
information for product suppliers and 
offering meetings for suppliers and 
users to discuss business matters.

The main objectives of this article is to 
stimulate discussion and I invite you to 
visit the AILU website, log in and add 
your comments and/or suggestions on 
the MDG Forum. 

Paul Harrison 
E: paul.harrison@powerlase.com

A message from 
the Chair

The all-pervasive drive to reduce costs 
and increase functionality of consumer 
products fuels the demand for the 
ever-increasing miniaturisation of micro-
opto-electro-mechanical components. 
Indeed, most high tech industries for 
which microfabrication is an enabling 
technology now use lasers in some part 
of their manufacturing process cycle. 

A growing number of industries now 
recognize the inherent flexibility of laser 
microprocessing for accommodating 
complex designs in a wide range of 
materials - from polymers, ceramics, 
glasses and crystals to metals, alloys 
and semiconductors. As such the tech-
nology has been adopted widely. Ap-
plications include: drilling micro holes in 
circuit boards; ink jet printer nozzles and 
jet engine turbine blades; manufacturing 
integrated circuits by photolithography; 
annealing thin film transistors on liquid 
crystal flat panel displays; repairing mi-
croelectronic and display devices; scrib-
ing solar photovoltaic devices (cells and 
panels), silicon wafers and ink jet heads; 
texturing computer hard disks; proto-
typing MEMS devices; manufacturing 
medical devices and corneal sculpting 
in corrective refractive eye surgery. 

The industrial take up of the technol-
ogy has enabled the annual market for 
laser microprocessing systems to grow 
from virtually zero in the early 1980’s to 
around $2B in 2007 and to support a 
product value chain estimated to be in 
excess of $350B. Furthermore, micro-
processing system sales are predicted 
to grow to $4.2B by 2010 making it the 
largest of all laser materials processing 
applications. 

As laser technologies continue to 
evolve the widening choice of wave-
length, pulse duration and repetition 
rate opens up manufacturing capabili-
ties with new applications appearing 

monthly over an ever changing land-
scape. For example:

• Laser type and process displace-
ment - early industrial applications 
using uv excimer lasers for micro-
via hole drilling have largely been 
superseded by more cost effective 
infrared r-f excited CO2 and diode 
pumped solid state lasers.

• New applications enabled by 
emerging laser technologies 
- Q-switched thin disk, fibre and 
mode-locked picosecond lasers 
are beginning to appear in micro-
manufacturing operations.

• Changing market sector empha-
sis - the dramatic growth of laser 
use by the solar sector is enabling 
laser manufacturers to weather the 
downturn in the microelectronics 
industry created by the current 
credit crunch.

• Pushing the technology limits - the 
aggressive drive for ever-increasing 
miniaturization of components is 
driving the capability of all micro-
fabrication technologies towards 
spatial limits in the nanometer 
regime.

The Micro:Nano Special Interest Group, 
run by AILU and supported by the Pho-
tonics and Nanotechnology Knowledge 
Transfer Networks, brings together like 
minded researchers, equipment suppli-
ers and end users with a common inter-
est in the application of laser processing 
to micro and nanotechnologies. Sector 
specific workshops, networking events 
and informal meetings covering top-
ics ranging from markets and business 
opportunities to technology and process 
know-how enable members to both 
enhance their knowledge and keep 
abreast of the rapidly moving develop-
ments in the field. 

Membership is free; simply contact the 
AILU office. If in doubt, log in on the 
AILU site and click the 'forums' link. 
The forums for all the groups you are a 
member of will then be visible to you!

Malcolm Gower 
m.gower@nanophotontechnologies.com

AILU's new Micro:nano Special Interest Group
micro:nano
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This wonderful example of 3-D laser 
marking of a glass perfume bottle was 
supplied by Charles Dean of Fimark Ltd. 
It is an example of what can be achieved 
by combining a galvo marking laser, a 
six-axis robot and a 3-D laser scanner.

In this example the bottle has a coni-
cal shape so wrapping the image over 
the surface is in itself a great challenge, 
made all the worse by the variations in 
shape of the body surface arising dur-
ing the glass blowing process. The laser 
beam path is adjusted to the real part 
geometry, rather than a theoretical one. 
This also allows the robot to pick up 
the part in any orientation. The result is 
the fishnet design laser etched onto the 
bottle surface with no wrapping errors 
or overlap of the image.

A video of the process in action can be 
seen on the home page of the Fimark 
web site at www.fimark.co.uk. Further 
examples are given on the '6-Axis Laser 
Systems' page of the site.

Most GORGEOUS PART

WELCOME TO NEW  
CORPORATE MEMBERS

ASD Metal Services

Bropel Specialist Welders Ltd

BSB Engineering Co Ltd

Ceram

Cymarc Engineering Ltd

Kellwood Engineering Ltd

optoSiC GmbH

Phoenix Hull Ltd

SIMTech

The Laser Edge Profiling 
Company Ltd

Wallace McDowall Ltd

Wolstenholme Machine 
Knives Ltd

Surviving the economic 
downturn 

AILU member 
Ivan Blini, part 
owner of SEI 
Automazione 
Italy, offers some 
encouragement 
to laser machine 
suppliers.

• Those investing money during a 
downturn will mainly want to deal 
with reliable providers and what they 
will want is technology that increases 
their productivity without the need to 
scale up. Lasers can provide this.

• Even before the current downturn, 
traditional industries in Europe have 
been in decline, mainly because of 
increased competition from lower 
wage economies. These same tra-
ditional industries remain the most 
resistant to innovation but are the 
ones most likely to benefit from 
adopting laser technology. Many 
still see it as dangerous and some-
thing they cannot afford; we need to 
change these ideas.

• A picture to present to the potential 
user is that laser materials process-
ing machines are a digital technology. 
Digital technology has already radi-
cally changed the means of produc-
tion in many sectors, enabling the 
achievement of undeniable, competi-
tive advantages. It has changed the 
way we work and have created new 
professional competencies. 

• Manufacturers need to be encour-
aged to be more innovate and 
competitive; to build up a produc-
tion structure for a future focused 
both on quality and quantity. In this 
endeavour, laser machines must be 
presented as solutions that are avail-
able now and not as something for 
the future. 

• There are values that an attentive 
entrepreneur will never give up: 
quality is one and it is the most 
important. Exploiting innovation and 
originality to add quality can help 
manufacturers to compete effectively 
with low quality "supermarket quality" 
products. In this way, laser users are 
creating traditional processes for the 
big market. 

Ivan Blini can be contacted at: 
E: iblini@seispa.com

Steve Hastings, Technical Director of 
optoSiC GmbH, supplied this mouth-
watering cock-up

optoSiC manufac-
ture silicon carbide 
optics for ultra-low 
inertia, high-perform-
ance dynamic use. 
Performance-wise 
the material is a 
direct competitor to 
beryllium, but not 
on price: optically 
finished SiC has a 
far lower cost; also, 

there are toxicity issues in working with 
beryllium that SiC does not have

Whilst on a sales trip to Italy in 2007 
sitting around a table with the directors 
and optical purchasing staff of the cus-
tomer, I wanted to strike home how safe 
SiC is. So, automatically entering myself 
as a contender for the annual Darwin 
Awards, I put an unpolished SiC mirror 
into my mouth and bit on it... and lost 
the top of a tooth. Emergency dental 
surgery in Italy is not cheap.

Users should therefore note that silicon 
carbide is not a totally safe material 
and that, should consumers wish to 
chew said material, extensive dental 
insurance may be required!

Greatest Cock-up
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Three years ago the 
UK government initi-
ated the setting up of 
Knowledge Transfer 
Networks (KTNs) in 
an  attempt to improve 
technology transfer 
and communication. 
Of the various KTNs, 
the Photonics KTN 
is the most relevant to AILU members 
and if you do not know much about it I 
urge you to take a look at their web site 
(www.photonicsktn.com) and register 
for free. AILU is a very active member 
of the Photonics KTN and carries out 
much work on their behalf. Recently 
this has been the RULARDO project 
report which is entitled ‘Identification of 
opportunities and competency map of 
top-level providers’. This report is now 
complete and can be downloaded from 
the AILU website (It is available from the 
Member’s area Document Library, in the 
Strategy section) and I would invite you 
to read it. 

The first round of funding for the KTNs is 
now coming to an end and Technology 
Strategy Board (TSB) is considering 
what should be in place for the future. 
One of the key objectives of the TSB 
is, understandably, to reduce the cost 
of managing and administering the cur-
rently large number of KTNs. Following a 
review by a consulting firm (Technopolis) 
employed by the TSB some recom-
mendations have been made.  The 
key recommendation for the Photonics 
KTN is ‘to combine the activities of the 
Electronics, Photonics, Sensors and 
Instrumentation, Integrated Product 
Manufacturing and UK Displays and 
Lighting KTNs under a single host organ-
isation to simplify access to the work of 
these networks, giving their members 
access to a wider range of content, a 
greater network of collaborative partners 
and increased potential for innovative 
partnerships to develop’. 

It is fair to say that the AILU steering 
committee has some reservations about 
this recommendation. In particular we 
have made the following points to the 
Photonics KTN director:

1. The recommendation made by 
Technopolis to combine several KTNs 
seems to make no technical sense and 
we would like some clarification as to 
who Technopolis are and why they are 
judged to be in a well informed position 

to make such recommendations. 

2. Combining several KTNs seems to be 
an attempt to save money. Otherwise, 
it can only bring benefit if there is some 
synergy between the members. It possi-
bly makes sense to merge the Photonics 
KTN with Displays and Lighting, but not 
the others. 

3. A broadening of KTNs negates their 
whole raison d'être, which was to estab-
lish networks between parties having 
potentially common interests.

4. Photonics is itself a broad field. An 
even wider, more disparate grouping will 
result in reduced real/practical focus.

 5. A major concern must be that if you 
dilute KTNs across too many fields then 
potential members will quite justifiably 
ask the question “what’s the point in 
joining?” 

6. The proposed dilution of focus will 
likely make the organisation even more 
administratively 'top-heavy' and less 
effective than in Phase 1.  

7. The KTN programme appears to be a 
top-down rather than bottom-up initia-
tive. ie government 'push’ rather than 
industry ‘pull’. AILU sees part of its role 
as engendering/developing a more user-
pull approach. Indeed, the Association 
may not agree to be involved in Phase 
II if it does not make good sense to our 
industrial membership.

We are waiting for a response to our 
concerns. Of course the key point is that 
if we do not feel that participating in the 
Phase II is beneficial for our members 
then we have no commitment to do so. 
We would welcome any comments or 
opinions you may have about this so 
please either use the forums or email 
Mike Green directly (link here) 

On a more positive note AILU is plan-
ning to hold a 2 day symposium on laser 
material processing in the early summer 
of this year. One of the outcomes from 
the RULARDO report was to highlight 
the depth and breadth of activity in the 
UK in laser material processing. This 
ranged from the very significant research 
effort to industrial users and laser job 
shops. It is felt that the community 
would really benefit from increasing the 
level of communication and technology 
transfer. This will be the main objective 
for this event. It is intended to cover 
several topics in the symposium and 
we would welcome any ideas on this. 
We also hope to include an international 
element so that we are kept informed 
of what is happening elsewhere. Finally 
we hope to the hold the AILU AGM in 
conjunction with the event in order to 
achieve a higher participation. It is rec-
ognised that this is a difficult time for 
everybody so we will be attempting to 
keep the cost down and to offer single 
day attendance. I hope you will be able 
to participate and further details will be 
available shortly on the AILU website. 

Stewart Williams 
E: s.williams@cranfield.ac.uk

PRESIDENT'S MESSAGE

The Medical, Micro:nano and the PPI 
Special Interest Groups were formed 
as part of AILU's participation in the 
Photonics KTN and are open to all 
members of the PKTN as well as to 
AILU members. For this reason, the 
forums for these three groups, which 
like all the forums reside in the mem-
bers' area of the web site, are now also 
located in the open area. However, to 
access them visitors to the site must 
first log in (i.e. become registered visi-
tors) and initially contact the AILU office 
to request SIG membership. 
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NEW!

Expanded access to AILU web site forums

The micro:nano page on the AILU web site, accessed 
through the ‘Laser User Groups’ link. The arrow shows 
the link to the Micro:nano, Medical and PPI forums.
The access link to the forum only appears to members 
of this Special Interest Group. Visitors wishing to ac-
cess the forum must first log in.  
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Hands up all of you who missed the 
annual job shop business meeting on 
12th November, at Trumpf UK? Hmm, 
I thought as much. Grappling with the 
credit crunch, too busy to come out 
of the woods? Well, this was a great 
opportunity to meet old friends, wel-
come new group members and to get 
some cracking tips from some splendid 
speakers! If you missed the meeting on 
the 12th then I suggest you keep your 
diary open for the 2009 event.

Many thanks to Trumpf UK for opening 
their luxurious facilities to the JSG. We 
had plenty of good speakers on perti-
nent subjects. I was particularly inter-
ested in the two web-site talks because 
at my job shop we are in the process 
of updating our company web-site. In 
the present economic climate marketing 
will be all important to JSG members so 
getting your site to the top of Google’s 
listing should be a #1 priority.

After our meeting there was an oppor-
tunity to tour the Trumpf showroom with 
a chance to see the machines running. 
As a Trumpf user myself, it was good to 
meet the directors, managers and staff 
who are always happy to discuss the 
needs of job shop users.

At the JSG committee we have been 
discussing a draft constitution for the 
group, put forward by Neil Main. You 
will find it in the members' area of the 
web site under 'committee documents'. 
The constitution will be ready in time 
for electing committee members at next 
year's annual meeting. At the November 
meeting Wayne Wild (Laser Engineering 
UK) and Dean Cockayne (Midtherm 
Laser) volunteered to join the commit-
tee. Thanks guys, it will be good to 
have some new faces and fresh ideas.

The AILU web-site is a great improve-
ment over previous offerings and com-
mittee members have been on a rota 
to keep the forum lively with plenty of 
learned answers. Whilst at your PC 
please remember to update your entry 
in the Products/Services section of the 
AILU web-site. The AILU staff keeps the 
web-site updated with news and work-
shops, so I suggest you keep the web-
site handy on your desk-top screen.

Due to energy prices 
fluctuating like the 
proverbial yo-yo we 
agreed not to run 
electricity and gas 
prices surveys this year. However, we 
will be running the debt protection sur-
vey again and in the current economic 
turmoil this will be even more important 
to job shops. The last thing we need is 
bad debts, so please fill-in those forms 
when they arrive on your desk. 

For most of the World’s population 2008 
has been a year to forget. Banks unable 
to trade without extra funds, credit 
crunch, unemployment, house prices 
falling through the floor and High Street 
Icons closing down. At the JSG meeting 
on the 12th November we had a quick 
straw poll of how our members were 
coping with the current situation. We 
asked 2 questions:

a. Have you seen a change in sales 
due to the recession?

b. Have you changed your staffing lev-
els or reduced your working week 
man-hours recently?

The 4 options to each question were: 
increase; none; small reduction (< 20%); 
large reduction (≥ 20%)

From the replies, 48% had seen a 
reduction in sales of < 20% and 10% 
had a reduction in sales of > 20%, 
so the majority (58%) had experi-
enced a reduction in turnover. On the 
other hand, 27% had experienced an 
increase in sales! On the question of 
staffing levels and/or man hours, 58% 
had made no change and only 4% had 
made a significant reduction in staff.

Most of the job shops in the Midlands 
who have large customers in the auto-
motive and/or construction industry are 
really feeling the squeeze because no-
one has cash to build new homes and 
buyers are keeping their old vehicles. 
The list is endless.

I hope you have returned to work with 
your batteries recharged and ready to 
get UK PLC back on it’s feet.

Dave Connaway   JSG Chair

Job shop corner

Dave Connaway

Jo
b Shop G roup

JSG

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

Funding opportunities in High Value 
Manufacturing: Micro/Nano laser 
processing success stories

On 25 November, in a collabora-
tion between the Photonics and the 
Nanotechnology KTNs, a meeting was 
held to assist laser users, especially 
those in AILU's Micro:Nano Group, to 
review funding opportunities. 

Forty delegates from across industry and 
academia  heard presentations about 
funding calls through the Technology 
Strategy Board, FP7 and the EPSRC; 
and from a selection of recipients of 
such funding, about their successes and 
failures. Much of the hard won advice 
of participants can be found in Martin 
Sharp's article on pp 42 of this issue. 

Further details and a link to download 
the presentations can be found on the 
AILU  web site (follow the Laser User 
Groups>Micro-Nano link) 
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Clive Grafton Reed is 
trying to raise money 
for Kidney Research 
by running the London 
Marathon on the 26th April 2009.

To sponsor Clive please email him at 
clive.grafton-reed@talktalk.net

AILU will be taking a stand at Medtec 
UK at the NEC on 25 - 26 March and 
has a seminar slot on the first day to 
review the growing role of lasers in the 
manufacture of medical products, with 
examples of currently-manufactured 
products and the opportunities present-
ed by recent development in laser and 
optics technology. Contact Mike Green 
at the AILU office for further details.

Speakers Mike Damzen Andrew Kearsly (1st & 
2nd left) and Jagjit Sidhu (far right) together with 
job shop MD Duncan Proctor (3rd left) and  
Micro:Nano SIG Chair Malcolm Gower
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BACK TO BASICS

Laser and resistance welding 
often compete for the same spot 
welding application and choos-

ing between the two requires careful 
analysis since they have many simi-
larities including the ability to weld 
dissimilar materials, and join practi-
cally all types of metals and alloys. On 
the other hand, they have differences 
such as location of heat generation, 
part geometry, and weld metallurgy 
that affects bond formation and con-
sequently the weld performance. Here 
we compare and contrast bond for-
mation at the weld interface for laser 
and resistance welding and its effect 
on related factors such as part design 
and materials selection

In resistance welding [1], the welding 
energy is supplied by electrical current 
flowing through the two welding elec-
trodes, which also provide the welding 
force to hold together the surfaces to be 
welded. In laser welding [2], the energy 
required is supplied by the absorption of 
a laser beam. As well as energy delivery 
there are a lot of interesting similari-
ties and differences between the two 
processes in terms of heat generation, 
shielding gas and type of bond.  These 
issues need to be well understood 
before one can select between the two 
processes for a particular application.

Weld heat generation
One of the key differences between the 
two processes is the location of heat 
generation. In laser welding of metals 
the heat is initiated at the surface of the 
material exposed to the laser beam; the 
molten metal pool grows through the 

body of the material until it achieves 
the desired size, which will include the 
weld interface. The interface can be 
positioned away from the top surface 
as in lap welding but the fusion nugget 
still has to grow from the top exposed 
surface. On the other hand, with a 
resistance weld, the heat is produced 
largely at the interface of the two mate-
rial surfaces, since this will generally be 
where the electrical resistance is great-
est. Consequently, in resistance welding 
the molten metal pool expands from 
the weld interface towards the outer 
surfaces and the weld pool is trapped 
at the interface under pressure from the 
welding electrodes. This is illustrated in 
the schematic shown in figure 1 which 
compares the two processes.

Heat generation on an exposed surface 
produces challenges for laser weld-
ing. An exposed molten metal pool has 
the potential to loose material by melt 
ejection (if the laser energy is not well 
controlled) or by loss of volatile or gas-
eous elements that can change weld 
chemistry. For example, nitrogen bear-
ing stainless steels can loose some of 
its nitrogen during laser welding. On the 
other hand, loss of zinc during weld-
ing of galvannealed/galvanized steels is 
actually good for the welds. On the other 
hand, the exposure of the melt pool in 
laser welding also provides opportuni-
ties, such as the ability to add a filler 
metal in a manner similar to TIG (GTAW) 
welding. Recent developments in the 
field of laser net shape forming are an 
extension of this idea.

Shielding Gas
Since the laser weld metal is exposed 
to the environment, gas shielding plays 
an important role in laser welding. As 
the name implies, the shielding gas 
envelops the exposed molten metal, 
protecting it from possible absorption of 
oxygen, nitrogen, and hydrogen (from 
water vapour) from the air.  The shield-
ing gas also sweeps away any ionized 
gases and/or metal vapours formed dur-
ing welding; these can absorb incoming 
laser radiation and reduce energy reach-
ing the metal surface. Depending on the 
alloy being welded, air contamination 
can produce a visual effect: in particular 

a coloured surface oxide layer, the col-
our indicating the severity of oxidation.  
For titanium and stainless for example, a 
light tan indicates minimal oxide forma-
tion. As the level of oxidation increases 
the colour changes to dark tan, blue and 
then black. 

Argon is the most common shielding gas 
used for pulsed Nd:YAG welding. Being 
heavier than air, and with proper contain-
ment, argon can provide adequate flood-
ing of the weld area. For high power 
CW (continuous wave) welding with CO2 
lasers, the gas plume formed above the 
keyhole can be highly ionized and use 
of helium gas may be required to reduce 
ionization.  Mixture of argon and helium 
are also used.  

The more reactive metals such as tita-
nium and aluminium are particularly 
susceptible to contamination and require 
special precautions. Most titanium weld-
ing for medical devices is done inside a 
glove box where oxygen levels can be 
maintained below 10 ppm and water 
vapour controlled to a dew point of 
- 60˚C; most of the hydrogen in air is in 
form of water vapour.  Molten titanium 
reacts strongly with oxygen, nitrogen, 
and hydrogen to form oxides, nitrides, 
and hydrides, all of which work to 
increase weld brittleness. Molten alu-
minium has a high solubility for hydrogen 
but solid aluminium does not , so as the 
metal cools after welding, hydrogen is 
expelled, making the  weld porous.

In contrast to laser welds, resistance 
welds are self-shielded and atmospheric 
contamination is not an issue that affects 
weld strength. However, the outer sur-
face of the material may still become 
hot, and  argon shielding may therefore 
still be required to prevent to discolora-
tion and produce cosmetically accept-
able welds. 

Types of bond
There are primarily three types of bonds 
that can form in a weld: solder/braze 
bonds; solid-state bonds; and fusion 
bonds. In all three a strong metallurgical 
bond is formed between the parts to be 
joined.

Bond formation in laser and resistance spot welding
Girish Kelkar and Neil Ball
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Figure 1.  Schematic shows difference in heat 
generation between laser and resistance welding. 
The laser weld metal pool grows from the outer 
surface whereas in resistance welding the molten 
metal pool grows from inside out.

Laser welding            Resistance welding

Weld 
fusion 
zone
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Solder/Braze Joint
Welding is frequently used where either 
one or both of the components to be 
joined are plated. The plating can be 
for improved corrosion resistance or to 
provide a good soldering surface. The 
plating alloy can act as solder/braze 
layer at the interface or may simply be 
a good bonding agent for the formation 
of a solid-state bond. A gold flash, with 
a nickel barrier layer underneath, is the 
most common variant. The gold layer 
can be easily welded to similar metals 
including copper, nickel, platinum, and 
palladium. In automotive and electrical 
applications, copper conductors with 
tin plating are often joined to a copper 
or brass pad that also has tin plating. 
A resistance welding apparatus is used 
to heat the parts and forms a solder fil-
let which on cooling produces a solder 
joint. Laser source are also being used 
for soldering individual components on a 
circuit board and for repair work.

There are situations where a braze joint 
is formed even though intent is to pro-
duce a conventional weld. Such situ-
ations can arise when one of the met-
als/alloys has much higher melting point 
than the other. Figure 2 shows examples 
of laser and resistance welds where the 
lower melting component acts like a 
braze alloy to bond to the higher melting 
point component. 

Solid-State Bond
A unique aspect of resistance welding 
is that the parts do not have to melt to 
form a bond; they only have to soften 
and be forced together. Metal atoms on 
either side of the weld interface will form 

a bond as long as there are no con-
taminants on the surface and the atoms 
are brought in close proximity.  A bond 
formed without melting of the constitu-
ents is called a solid-state bond. In most 
cases a bond line is visible at the inter-
face, as is seen in Figure 3. The excep-
tion is when welding similar materials; in 
this case grain growth can occur across 
the interface. A solid-state bond is com-
mon when welding conductive alloys 
and refractory metals. 

A solid-state bond is often preferred to 
fusion bonding for welding dissimilar 
materials, because such a fusion bond 
is often brittle (see below). Solid-state 
bond formation is unique to resistance 
welding; the laser welding process can-
not produce such a bond.

Fusion Bond
A fusion bond is formed when material 
on both sides of the joining interface 
melt, mix, and solidify. Such a bond is 
commonly used for welding metals and 
alloys from families of steels, stainless 
steels, titanium, and aluminium. Even 
though fusion might be thought of as the 
preferred bond type, this does not apply 
when welding dissimilar metals/alloys. 
In such cases a fusion bond can result 
in the formation of intermetallic com-
pounds or brittle phases, which can give 
rise to a brittle weld. For example, weld-
ing carbon steel to stainless steel can 
produce a weld that forms martensite 
and that is very susceptible to cracking.  
Welding of titanium and steels is also 
not recommended since the weldment 

will have brittle intermetallics. The fusion 
bond is the most common type of laser 
weld and is typical of steel and stainless 
steels welds in resistance welding, see 
figure 4.

Energy Delivery
One the great advantages of laser weld-
ing over resistance welding is the abil-
ity of the laser energy to be delivered 
without having to make physical contact 
with the parts being welded. Laser welds 
can be successful in relatively inacces-
sible locations, on part configurations 
such as battery lids where positioning of 
resistance welding electrodes would be 
very difficult, and through a quartz win-
dow where the part being welded is in a 
controlled environment. Some medical 
device assemblies can only be produced 
by laser welding, thanks to its non-con-
tact nature.

Summary
Resistance and laser welding provide 
some unique options for the engineer 
when selecting a suitable process for 
spot welding. Even though they have 
many features in common including 
the ability to weld almost all metals, to 
produce spot welds, and to weld dis-
similar materials, the two processes also 
have some interesting differences. An 
exposed weld pool provides additional 
challenges for laser welding, but the 
non-contact nature of the process pro-
vides opportunities too. Both processes 
can produce solder/braze and fusion 
bonds, but only resistance welding can 
produce solid-state bonds, a powerful 
process for bonding dissimilar materials. 
An engineer choosing between the two 
processes has to be aware of all the fac-
tors involved before making a selection.
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See Observations p48

Figure 2.   
Photo-
micrographs 
of sections 
of the bond 
holding a 
Niobium 
wire in the 
V-groove 
of a Kovar 
lead frame: 
(top) Laser 
and (bottom) 
resistance 
weld. The 
frame melts, 
and flows 
around the 
wire, forming 
a braze on 
the higher 
melting point 
component.

Figure 3.  Photo-micrographs of sections of solid-
state bonds produced by resistance welding.  
Note the intact weld interface even after welding 
with no sign of fusion at the weld interface.

Figure 4.  Photo-
micrographs of 
sections of fusion 
bonds produced 
by laser (top) and 
resistance welding 
(bottom).
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MICROPROCESSING

Traditionally, laser micromachin-
ing has relied on Q-switched 
Diode-Pumped Solid State 

(DPSS), excimer and CO2 lasers of 
typically nanosecond (ns) pulse dura-
tion or longer. These lasers offer 
relatively high average power and can 
achieve high volume removal rates 
harnessing a combined etching effect 
from laser and laser-induced plasma 
processes [1]. As a result, micro-drill-
ing, scribing and fine cutting applica-
tions have benefited on an industrial 
scale [2]. However, the driving mecha-
nism even at short wavelengths is 
strongly thermal in nature. This arises 
largely as a result of secondary plas-
ma heating of the target and substrate 
thermal conduction, and it limits 
fine control of the ablation process. 
Undesirable side effects near the irra-
diated regions such as micro-cracking 
or edge chipping, burr formation and 
particle debris that often accompany 
the micromachining process con-
firm this claim. As a result, success-
ful laser machining with ns lasers is 
still viewed by many as a ‘black art’. 
However, with the ever-increasing 
miniaturisation of products and proc-
esses, this picture is changing rapidly.

Design and technology trends
The trends in most advanced techno-
logical applications are towards using 
material layers as thin as possible (e.g. 
sub-micron) and offering increased func-
tionality involving complex multi-layered 
structures. Combinations of thin metals, 
metal oxides, ceramics or organic layers 
on glass, metal or polymer substrates 
are typically encountered, most of the 
layers being optically and thermally thin. 
Selective laser patterning of such layers 
is not a simple task and achieving an 
industrially robust process becomes very 
challenging. 

In order to comply with stringent engi-
neering and quality control specifica-
tions, laser micromachining must be 
highly reproducible and well confined 
with tight spatial resolutions near or well 
below the micron (μm) level. Additionally 
heat input must be controlled to avoid 
detrimental effects to the device per-
formance due to collateral damage. 

Fortunately, significant techno-
logical advances over the last 
decade in ultrafast* DPSS (and 
in some cases excimer) laser 
technology seem to be offer-
ing reliable commercial laser 
solutions for the optical engi-
neer’s toolbox that are espe-
cially tailored to best match 
specific process requirements.

Ultrafast laser micro-
machining 
In contrast to the nanosecond 
case, the fluences (incident 
pulse energy per unit area) 
typically employed for ultra-
fast laser micro-machining, 
are kept close to the ablation 
threshold to avoid any laser 
plasma-assisted etching.  

The ultrashort pulse duration fundamen-
tally changes the laser-matter interac-
tion. Briefly summarised, the main dif-
ferences to conventional nanosecond 
single-pulse laser ablation are [3]: 

(a) Very high peak laser intensities 
(> 1014 W/cm2) can be achieved in 
the focused beam, powerful enough 
to ionise and machine any material!

(b) The motion of the emerging ablated 
matter and its associated com-
plexities for material removal can be 
ignored. There is no laser plasma 
interactions involved above the illu-
minated surface and hence no laser 
attenuation losses on target

(c) The ablation mechanism for pulses 
below a few picoseconds (1 ps = 10-
12 s) in duration decouples for most 
materials the ablation process from 
stochastic thermal processes. This 
has important implications on overall 
quality and reproducibility; and

(d) The non-linear photon absorption 
process enables ablation of virtually 
any material, even materials that 
have band-gaps above the inci-
dent photon energy. It also means 
that by controlling the laser fluence 
so that only a smaller portion of a 

focused beam exceeds the thresh-
old for ablation by non-linear photon 
absorption, laser damage can be 
restricted to sub-diffraction levels, 
paving the way for nano-machining.

In summary, ultrafast-laser micromachin-
ing is deterministic, highly reproducible 
and inherently precise. By utilising the 
very high laser repetition rates available 
from modern ultrafast lasers (up to few 
MHz), throughput is maximised 

Fast2light
Oxford Lasers is participating in a 
recently launched FP7 EU collaborative 
project (Fast2light) that involves the use 
of ultrafast thin-film laser patterning in 
roll-to-roll manufacturing of OLED foils 
on flexible substrates for intelligent light-
ing applications.  

A typical OLED stack contains many dif-
ferent thin film materials such as conduc-
tive oxides, metal, dielectric and organic 
layers of typical thickness 100-200 nm 
as shown in the generic sketch above. 
The thin electrodes as well as the active 
OLED materials need patterning. 

The technical challenge for the Fast2light 
OLEDs is to selectively pattern one or 
more layers simultaneously (metal on 
polymer, metal/polymer on oxide, oxide 
on ceramic/polymer) while leaving intact 
all underlying layers on the flexible sub-
strate. This must be accomplished with-
out re-depositing laser generated debris, 

Ultrafast laser patterning of OLEDs for solid-state lighting
Dimitris Karnakis

* “Ultrafast” refers here to pulsed lasers emitting 
pulses of short duration below 1 ns (10-11sec) and 
typically in the range 10-14 to 10-11sec
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causing thermal damage to the sensi-
tive light-emitting polymers and without 
delamination or any other mechanical 
damage that might compromise the 
OLED performance while maintaining 
cost-effective high throughput patterning 
compatible with roll-to-roll manufactur-
ing technology.  Such ultra-fine control-
led laser patterning on these materials 
has not been demonstrated before to 
our knowledge.

Results for nanosecond laser patterning
Nanosecond DPSS and excimer lasers 
have been evaluated with little success 
so far. In most cases it was found that 
either terminal damage was induced 
to the OLED stack or the processing 
window was poorly defined and at best, 
extremely narrow for industrial manu-
facturing. A typical example is shown 
in figure 1 where the ITO anode has 
been badly patterned from exposure to 
a nanosecond UV DPSS (355nm) laser. 
Most likely as a result of the significant 
spreading of heat from the laser pulse 
it was found impossible to maintain a 
sufficient depth resolution and remove 
only the 130 nm ITO layer. Reducing the 
incident laser fluence resulted in uneven 
machining with severe micro-cracking 
and damage to the underlying layers.

Results for ultrashort laser patterning
The thermal management of the selec-
tive ablation process is of key impor-
tance in this application. A very promis-
ing laser candidate for OLED patterning 
uses picosecond laser pulses at very low 
incident fluences near the single-pulse 
ablation threshold (few tens of mJ/cm2) 
as shown in figure 2. By fast scanning 
a focused laser beam over the target 
layer using a galvanometer scanner with 

an f-theta telecentric lens, the individual 
laser pulses can be separated to achieve 
single-pulse ablation at specified loca-
tions.  In figure 2 the uniformly etched 
laser craters on indium tin oxide (ITO) 
can be seen, with a resulting diameter of 
approximately 4μm, a depth of ~100 nm 
and, remarkably, no particle debris. By 
varying the scanning speed, laser pulse 
frequency and energy density on target 
appropriately, a continuous track can be 
scribed on the anode layer that creates 
electrically isolated pixels. 

Exact processing data cannot be report-
ed at this stage due to confidentiality 
restrictions but any limitations on the 
overall process speed is expected to 
arise from the maximum scanning speed 
achieved on target rather than the laser 
itself. In almost all samples examined, the 
material seemed to have been ablated as 
intact layers. This observation combined 
with the lack of debris or evidence for 
vaporisation strongly implies a photo-
mechanical removal process, commonly 
referred to in the literature as “cold abla-
tion”. The experimental work continues 
within the project and conclusive remarks 
cannot be offered here but it is particu-
larly interesting to note that laser pattern-
ing of such fine layers can actually be 
achieved with infrared, visible and ultra-
violet wavelengths either incident directly 
onto the target thin film or by transmis-
sion through the flexible substrate.

It would appear so far that picosecond 
lasers (femtosecond lasers currently 
under examination also) are providing a 
unique enabling solution for this emerg-
ing application. The perceived benefits 
of ultrafast laser ablation applied in this 

case are associated with the simultane-
ous application of thermal and stress 
confinement in the films arising from 
the appropriate choice of the ultrashort 
pulse duration [4]. Similar laser scribing 
technologies using ultrafast lasers are 
currently applied in thin-film PV solar [5] 
and other organic electronics applica-
tions (flexible displays, electronic paper, 
etc) which are presently experiencing 
tremendous year-on-year growth.

The majority of this work was completed 
using an Oxford Lasers turn-key ultrafast 
laser station (Picolase 1000) installed at 
MEC, Cardiff University and operated at 
532 and 355nm.

Conclusion
Where conventional nanosecond lasers 
seem to have failed, ultrafast lasers 
enable highly reproducible thin-film pat-
terning of OLEDs on flexible substrates. 
Among the perceived benefits is excellent 
depth resolution and debris-free machin-
ing which could facilitate a new disruptive 
micro-manufacturing technology.
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Figure 1. Non-optimised removal of ITO on a 
flexible substrate with 355 nm ns-pulses showing 
severe damage

Figure 2. Picosecond laser scribed ITO on a 
flexible substrate with 532 nm 9 ps pulses. (top) 
4 µm holes 100 nm deep; (bottom) 5 times slower 
scan speed.

9 µm
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ADDITIVE MANUFACTURING

Rapid manufacturing techniques 
have reduced the time to mar-
ket of complex parts. IREPA 

LASER is experienced in this field; it 
has a patented coaxial powder clad-
ding nozzle and has developed tools 
for rapid manufacturing of large 
metallic parts. This study describes 
the adaption of the process for the 
freeform manufacture of small struc-
tures and components. 

Over the last few years, rapid manufac-
turing techniques (RMT) based on coax-
ial laser cladding process have been 
studied. In that they use simpler tooling 
and allow the production of complex 
shapes, they can provide a good alter-
native to machining or casting. The main 
applications of the process are:

• The addition of new profiles on 
existing or outlined parts.

• The manufacturing of parts with gra-
dient of properties.

• The reparation of expensive 
machined or moulded parts

There are a number of commercial laser-
based metal deposition processes (e.g. 
DMD™, LENS™), but for micro cladding 
the approach taken by IREPA LASER, 
a research centre, has been to adapt 
its own patented nozzle design to cre-
ate CLAD® (Construction Laser Additive 
Directe) a new form of metal deposition 
process.

The development program has involved 
three main steps :

1. Adapting its patented coaxial pow-
der feeder nozzle for micro-cladding.

2. Creating a process map to find the 
optimum cladding conditions, for 
use in the design of CAD/CAM con-
trol software.

3. Qualifying the process through the 
manufacture of titanium and stain-
less steel shapes.

Coaxial laser micro-cladding 
In the coaxial laser micro-cladding proc-
ess described here, the laser metal 
powder is melted by a laser beam and 
delivered to a melt pool created by the 
same beam; using a coaxial laser clad-
ding nozzle patented by IREPA LASER. 
As shown in figure 1, powder filler mate-
rial is injected coaxially into a laser beam 
and transported in a fluidized bed by 
a inert gas such as Argon. The power 
of the laser beam is used to melt both 
the filler material and the surface of the 
substrate. 

This coaxial configuration allows a layer 
by layer build-up in all directions. Indeed 
the use of a high power laser system 
(HPLS) allows accurate treatments, limits 
the heat affected zone (HAZ) and dilution, 
and produces dense deposits. Because 
of the relatively small size of the melt pool 
the cooling rate is high (>1000 ºC.s-1), 
endowing the quenched microstructure 
with excellent mechanical properties.

Computational methods were used to 
adapted the design of the powder feed 
nozzle for micro-cladding. The aim of 

this work was to achieve opti-
mum laser/powder interaction, 
maximum powder catchment 
efficiency (ratio between the 
weight of the part to the pow-
der injected) and a minimum 
the powder stream merging 
diameter, see figure 2.

The nozzle performance was 
consequently evaluated and, 
with typical process settings, a 
400 μm diameter focus point of 
the powder could be obtained. 
Optimising the powder stream 
shape is an important factor, 
maximising the laser/powder 
interaction time and the delivery 

of particles into the melt pool created by 
the laser beam.

Manufacturing tests 
To validate nozzle design and the proc-
ess a 200 W IPG single mode fibre laser 
(1070 nm wavelength) was used and the 
feeder powders were commercially pure 
titanium (Cp-Ti) with a grain size 45-75 
μm, and AISI 316L stainless steel with a 
grain size of 50-75 μm. 

Influence of the process parameters
Twenty two layered thin walls were built 
in order to understand the influence of 
the laser power and the laser scanning 
speed on the deposit size. 

The efficiency of molten powder depos-
ited increases with laser power, and so 
does the heating of the substrate. As 
confirmed in figure 3, as well as deposi-
tion rate the wall width also increases 
as the laser power increases. However, 
scan speed has a greater influence on 
the wall width, higher scan speed reduc-
ing both the laser power per unit area 
deposited on the substrate and the pow-
der catch efficiency (powder brought into 
the welt pool).

Additive manufacturing of small metallic components
Simon Sankaré and Didier Boisselier

Figure 2. Evaluation of the external size of the 
powder stream at the nozzle output by pictures 
analysis
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Figure 1. Coaxial laser cladding nozzle patented by IREPA LASER
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The main difficulty of the micro cladding 
process is the interdependence of param-
eters. Indeed, it is particularly difficult 
to vary one parameter without modify-
ing several other characteristics of the 
deposit. This interdependence is a limit-
ing factor which complicates the choice 
of parameters. Nevertheless, within a 
range of parameters, wall widths between 
500 μm to 1050 μm can by directly con-
trolled by the laser power level without 
changing any other parameters.

There are limits on laser power, however.  
If the laser power is too low, the laser/
materials interaction is not sufficient to 
obtain good cladding conditions, which 
leads to a brittle wall and the appear-
ance of pores and voids (effects that can 
to some degree be compensated for by 
reducing the powder feed rate). If the 
laser power is too high then depend-
ing on the operating conditions and the 
material used, the high thermal load 
will lead to wall instabilities. Otherwise, 
higher laser power leads to higher mol-
ten powder efficiency and, because the 
the number of non melted particles is 
reduced, smoother wall sides.

Samples quality
Metallurgical analysis, as shown in figure 
4 for a 316L stainless steel part, reveals 
no pores or voids. The microstructure of 
the parts consists of austenite dendrites 
structure. The length of dendrites can 
extend over the thickness of several lay-
ers, of order one millimeter. 

The CLAD® process
Part manufacturing 
and modification
The CLAD process 
(Construction Laser 
Additive Directe, 
in French) allows 
the manufacture of 
mechanical compo-
nents and complex 
profiles layer by layer. 
By being aware of 
the influence of con-
trolled parameters 
and by using various 

deposition strategies, almost any kind of 
complex part can be manufactured and 
functionality can be added to an exist-
ing part. Manufactured parts have been 
made without process control device, 
confirming the high stability of the proc-
ess and the excellent reproducibility of 
deposition conditions. An example of a 
manufactured part and a modified part 
are shown in figure 5. The catchment 
efficiencies achieved (40 % @ 100W and 
56% @125W) were high for this kind 
of process and validate the nozzle effi-
ciency. 

The POWERCLAD software
An adapted CAM software is in develop-
ment in collaboration with a CAD/CAM 
software provider, allowing a large range 
of parts to be manufactured, modified 
or repaired directly from a digital file 
obtained with CAD software. The main 
data (e.g. layer size, processing strategy) 
have then to be inputted, after which the 
software generates the tool path; see 
figure 6. 

Conclusion
A process for manufacturing small parts 
has been successfully developed and 
validated within the framework of this 
project. The patented coaxial nozzle has 
been optimised for low powder feed 
rate and tested during a manufacturing 
phase with a low power single mode 
fibre laser. Thin shell components and 
small parts (wall width ≥ 500 µm) have 
been produced free of critical porosity 
and cracks and with a powder catch-
ment efficiency of more than 50%.

This process allows the building of 
sound parts, and provides, in certain 
cases, an alternative to machining. This 
additive process can be completed 
directly from a CAD models, allowing 
the construction of whole parts without 
mould or tools and also the addition of 
features to machined/cast parts.
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ADDITIVE MANUFACTURING

See Observations p48

Figure 3. Influence of the processing parameters on wall width built with Cp-Ti 

Figure 5. 
Manufacturing of 
parts: (above) a 
finned tube in Cp-Ti 
(P=100 W, scanning 
speed 400 mm/
min); (left) a metal 
flange modified by 
adding tubes (AISI 
316L SS)

Figure 6. POWERCLAD software output

Figure 4. Microstructure of a 316L stainless steel 
part revealed by electrochemical etching
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LASER-ASSISTED PROCESSING

Thick metal coatings are cur-
rently deposited via two well 
established process routes, 

Laser or arc based cladding, and ther-
mal spray. A new coating technique 
known as Laser-assisted Cold Spray 
(LCS), which aims to expand on the 
capabilities of the two process routes 
currently available, is under develop-
ment at the University of Cambridge 
in the UK [1]. LCS is a development of 
the Cold Spray process (CS) in which 
coatings are built up from powder 
particles which are entrained within a 
gas stream and accelerated through 
a de Laval nozzle, impacting the 
substrate at supersonic speeds that 
exceed a material dependent critical 
velocity.

Above their critical velocity, metal par-
ticles undergo significant deformation 
on impact and bond to the substrate 
to form a coating. CS offers high build 
rates, a lack of thermally induced 
stresses, low oxide contents and the 
ability to deposit sensitive materials 
without the use of inert atmospheres; 
however, there are inherent problems 
associated with the ‘cold’ mechanism of 
deposition, which relies on a gas stream 
accelerating powder particles to speeds 
approaching 1000 ms-1. Achieving such 
velocities requires a large consumption 
of hot gas (typically nitrogen or helium) 
leading to high operating costs aris-
ing from the high power consumption 
for heating the gas and (for helium) the 
high price of the gas itself. Additionally, 
processing hard materials such as tita-
nium alloys often results in, poor bond 
strengths and low coating density.

Introduction to LCS
Studies of the CS process have dem-
onstrated that an increase in particle 
temperature can lead to an increase in 
deposition efficiency and possibly even 
a reduction in the critical deposition 
velocity as a result of particle softening 
[2]. However, increased gas tempera-
tures heighten the risk of nozzle fouling 
when spraying low melting point metals 
such as aluminium [3], so a method of 
heating the particles without clogging 
the deposition nozzle would be benefi-
cial. Increased deposition temperature 

may also help to overcome issues of 
low bond strength in CS coatings, which 
have been attributed to the extremely 
short timescales available for bonding to 
occur [4].

In LCS, a laser heats the deposition 
site so that deposition occurs at above 
two thirds of the melting point of the 
material. As shown in figure 1, at these 
temperatures the deposition site is con-
siderably softened: this reduces the criti-
cal velocity and allows bonding to occur 
on impact at velocities around half those 
found in cold spray (< 500 ms-1) even 
when depositing materials such as tita-
nium, which are difficult to process using 
cold spray.

Reducing the need for high velocities 
allows cold nitrogen to be used, reduc-

ing gas costs by over an order of mag-
nitude relative to helium, and eliminating 
the need for a gas heater. This reduction 
in capital and operating costs means 
that LCS may be viable in many applica-
tions for which CS has proved too costly 
allowing the fully solid process route 
found in cold spray to find a use in a 
wider range of applications.

LCS system
The LCS system, shown in figure 2, 
consists of a high pressure (10-30 bar) 
nitrogen gas supply which is split and 
sent to a converging–diverging (de Laval) 
nozzle both directly, and via a high pres-
sure powder feeder, where metal powder 
particles are entrained within it. The two 
streams recombine and pass through 
the nozzle where they are accelerated 
to supersonic speeds. The high-velocity, 
powder-laden gas jet exits the nozzle 
and is directed towards a substrate. The 
powder stream impacts a region of the 
substrate which is simultaneously heated 
by a 980 nm 1 kW diode laser. Laser 
power is controlled by a feedback sys-
tem which uses an infra-red pyrometer 
to monitor deposition zone temperature.

In the test system currently in use, the 
de Laval nozzle, laser head and pyrom-
eter are housed within a light-tight build 
chamber. The nozzle, laser head and 
pyrometer are held stationary on the ceil-
ing of the chamber while the substrate is 
free to move on a CNC X-Y table during 
deposition as shown in figure 3 which 
shows deposition in progress. By linking 
laser power to pyrometer readings, depo-
sition site temperature can be controlled 
to within 50°C of target during operation.

Coatings
Coatings have been produced from a 
variety of materials including 316L stain-
less steel, aluminium, copper, titanium, 
Inconel 718 and Al-Ti composite pow-
ders in order to tune the LCS system 
and characterise the LCS process and 
determine the range of operating tem-
perature and particle velocity over which 
optimal coatings are produced.

More extensive studies have been carried 
out on titanium coatings. Because of tita-
nium’s corrosion resistance and biocom-

The laser-assisted cold spray process
Andrew Cockburn, Matthew Bray and Bill O'Neill

Figure 1. Schematic illustrating the variation in 
strength of materials with temperature

Figure 2. Schematic of the LCS system
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patibility this work is of particular interest 
in the biomedical field. A typical 2.5 mm 
thick titanium coating produced from a 
series of overlapping 5 mm wide tracks 
is shown in figure 4. The coating was 
deposited at 25 g min-1 with a traverse 
rate of 1250 mm min-1 and although the 
coating has been deposited onto a cold, 
thin (1 mm thick) substrate, using 1 kW 
of laser power no distortion is observed. 
This confirms that the non-molten proc-
ess route found in LCS results in low 
thermal residual stress, creating coating 
of thin sections without substrate pre-
heating. 

Examination of polished cross sections, 
figure 5, has shown that the tracks 
deposited are dense (< 0.5 % poros-
ity), and well consolidated with no vis-
ible oxide present. This observation 
has been confirmed via inert gas fusion 
analysis which gave total oxygen con-
tent as < 0.5 wt% and nitrogen levels of 
300 ppm. This confirms that despite the 
raised temperature of the deposition site, 
the process is suitable for the deposition 
of oxidation sensitive materials without 
the use of a protective atmosphere.

When compared to Cold Spray (figure 6), 
LCS titanium coatings exhibit markedly 
reduced porosity when polished cross 
sections are examined. This is probably 
due to the increased deposition temper-
atures which allow an increased degree 
of deformation to occur on impact.

Etched cross sections as shown in 
figure 7 illustrate the degree to which 
spherical powder particles re deformed 
during the process. Despite LCS operat-
ing at well below the material’s melting 
point, deformation comparable to that 
observed in High Velocity Oxy-Fuel 
(HVOF) coatings can be seen. 

Coating adhesion is dependent on the 
substrate and coating material selected 
but has been shown to be in excess 
of that found in CS with glue failure at 
a stress of 50 MPa being recorded for 
pull-off tests carried out on 316L coat-
ings and strengths of 25 MPa being 
recorded for titanium coatings.

Future direction
Work is currently underway to explore 
the suitability of the LCS process for the 
deposition of hard facing materials and 
composite coatings currently processed 
via laser cladding. The use of LCS will 
enable coatings to be deposited onto 
thin sections which are difficult to proc-
ess with current technologies due to the 
potential for distortion caused by ther-
mally induced stresses. 

Summary
LCS has been proven to be a viable 
method for the processing of metal 
coatings. Trials with a range of materials 
have shown that it is possible to deposit 
dense, low impurity content coatings 
with build rates in excess of those 
normally found in laser cladding when 
similar power levels are employed (25 g 
min-1 for 1 kW). The relatively low tem-
perature process route has been found 
to reproduce many of the advantages of 
CS while the reduced operating costs 
should make this technology suitable for 
a wider variety of applications.
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Figure 3. Screen shot showing the deposition of a 
titanium track

Figure 4. 
Titanium 
coating 
deposited onto 
a titanium 
substrate at 
1250 mm/min 
using 30 bar 
nitrogen and 
1 kW laser 
power

Figure 5. Cross section through a titanium 
coating deposited onto a mild steel substrate at 
1250 mm min-1 using 30 bar nitrogen and 1 kW 
laser power
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Figure 6. Comparison of titanium coating 
porosity: (top) cold sprayed and (bottom) LCS 
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Figure 7. Etched cross section showing particle 
deformation in an aluminium coating 
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CUTTING

One of the mainstays of modern 
industry involves the use of a 
laser in conjunction with an 

oxygen jet to profile mild or carbon 
steel. The laser-oxygen cutting proc-
ess was invented in 1967 in the UK 
by Peter Houldcroft and is nowadays 
used to profile mild steel up to 25 mm 
thick. 

Laser-oxygen cutting uses a focused 
laser beam to heat up mild steel to a 
temperature at which it will ignite and 
burn in a stream of high purity oxygen. 
In principle the process is similar to 
flame cutting, which involves using an 
oxygen/fuel gas flame to pre-heat the 
metal to the required ignition tempera-
ture whilst simultaneously feeding a jet 
of high purity oxygen centrally into the 
cut zone. In both forms of cutting the 
reaction of iron and oxygen provides 
energy to the cutting process and also 
generates a low viscosity, oxidized melt 
which is easily removed from the cut 
zone by the mechanical action of the 
oxygen jet. Both processes produce a 
macroscopically smooth cut edge which 
is generally covered in microscopic par-
allel grooves or striations.

The industrial application of laser-oxygen 
cutting is dominated by the CO2 laser 
but there are some applications where 
Nd:YAG or fibre lasers are preferred – 
usually to exploit fibre optic beam deliv-
ery or when fine detail is to be cut. In 
all cases of laser-oxygen cutting of mild 
steel, the basic phenomena are similar: a 
laser, acting co-axially with an oxygen jet 
initiates and propagates an exothermic 
reaction between oxygen and iron.

This paper provides a description of the 
chemical and physical phenomena which 
take place during laser/oxygen cutting, 
highlights some poplar misconceptions 
and provides guidelines for use in future 
theoretical models of the process.

Theoretical models of the cut front 
temperature.
Since the early 1970’s researchers have 
been trying to develop physical and 
mathematical models of laser-oxygen 

cutting of mild steel with 
varying levels of success. 
Most theoretical models 
estimate maximum temper-
atures in excess of 3000K 
(approximately the boiling 
point of mild steel) and con-
clude that the melt inside 
the cut zone will boil. 

The question of whether 
or not boiling takes place 
within the cut zone is of tre-
mendous importance to our 
understanding of the cut-
ting process. Widespread 
boiling would imply a highly 
turbulent melt and a sub-
stantial recoil pressure on the cut front 
(a feature which has been suggested 
by some authors). Boiling would also fill 
the cut zone with vapour which might 
absorb the laser light to become an 
ionized plasma (as happens when CO2 
lasers are used for welding).  

It is often assumed that the molten iron 
reacts with oxygen to produce a melt 
which boils under the combined heat 
input of the laser and the oxidation 
energy. In many cases the models which 
make this assumption do not take into 
account the fact that, as a result of the 
chemical reaction, the melt surface is 
transformed to iron oxide (FeO). Its pres-
ence on the melt surface introduces two 
main arguments against the presence of 
widespread surface boiling of the melt:

i. FeO does not boil – it does not have 
a gas phase. If liquid FeO is heated 
to sufficiently high temperatures it 
dissociates into oxygen and iron. 
The dissociation temperature is 
3660K at atmospheric pressure and 
this value increases with pressure. 

ii. If temperatures in the melt exceed 
the dissociation temperature, FeO 
will not form (or, having formed, it 
will dissociate) and so the energy 
from the oxidation reaction will not 
be available as an energy input to 
the cut zone.     

Basically this is a ‘catch 22’; If you add 
the two energy inputs (laser and oxida-

tion energy) to the cut zone together it is 
possible to forecast high temperatures, 
but at these high temperatures one of 
the energy inputs (oxidation) is reduced 
and may be extinguished altogether. 
Naturally this means that the original 
addition of the two energy inputs is 
flawed. It is therefore important to con-
firm that oxidation does indeed play a 
non-trivial role in the cutting process. 

The role of oxygen in the cut zone
It is generally agreed that the exothermic 
reaction of oxygen with iron provides a 
considerable thermal input to the cutting 
process during oxygen assisted laser 
profiling of mild steel. This assumption is 
confirmed by experimental work which 
has shown that cutting speeds are great-
ly reduced if commercial purity (99.97%) 
oxygen is contaminated with any other 

Energy input from oxidation in laser-oxygen cutting of 
mild steel
John Powella,b,c,f, Dirk Petringd,  Vasant Kumare, Saeed Al-Mashikhic, Alexander Kaplanb,  
Katy Voiseyc

Figure 1. Cutting speed as a function of oxygen purity [1]. [400 W CO2 
laser, oxygen head supply pressure 2.5 Barg*, 2.0 mm mild steel]
* ‘Barg’ is the pressure reading in ‘Bar’ on a gas supply pressure gauge. 

Figure 2. Laser-Oxygen cutting of mild steel 
produces a brittle oxide layer on the cut 
edge which can break off in service or if the 
component undergoes a bending operation. This 
has given rise to the use of nitrogen as a cutting 
gas for items which are eventually painted. 
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gas. It has been demonstrated that cut 
speeds need to be reduced by 50% or 
more if the oxygen purity is reduced by 
even 3%, see figure 1.

The point made in figure 1 is supported 
by the change in cutting parameters 
necessary if pure nitrogen is used 
instead of oxygen, which is an increas-
ingly common commercial practice. 
Given that oxygen assisted laser cutting 
of mild steel is an efficient and cheap 
method of manufacturing which pro-
duces a high quality cut edge, the use 
of nitrogen as an alternative may seem 
a retrograde step. However, the oxygen 
assisted cut edge is covered in a thin 
(tens of microns thick), brittle layer of 
iron oxide which is not firmly attached to 
the steel itself (see figure 2). 

Nitrogen does not chemically react 
with the melt in the cut zone, it simply 
provides mechanical thrust to remove 
the liquid steel from the area. The cut 
edge produced is made up of resolidi-
fied metal, which is firmly attached to 
the substrate. If nitrogen is used as the 
cutting gas it is necessary to use much 
higher laser powers and gas pressures 
to achieve the same cutting rates as 
those associated with oxygen cutting. 
This point is illustrated in table 1 above. 
The figures for a material thickness of 

3 mm show the different powers 
needed to get similar speeds. 
Figures for 6 mm show differ-
ent speeds for the same power. 
Note also the higher pressure 
needed when nitrogen is used.  

It is clear from the results pre-
sented in table 1 and figure 1 
that the oxidation reaction sup-
plies a substantial proportion 
of the energy to the cut zone. 
However, as a result of the lim-
ited exposure time of the melt to 
the laser-oxygen combination, 
not all of the iron in the melt is 
oxidized. The melt leaves the 
bottom of the cut zone as incan-
descent sparks which can be 
collected and sectioned to reveal their 
partially oxidized nature (see figure 3). In 
a typical sample from CO2 laser/oxygen 
cutting, approximately half the iron in 
the cut zone was found to be oxidized 
to FeO (the proportion of iron oxidized 
will, of course, change significantly with 
process parameters). The level of for-
mation of the other oxides of iron was 
found to be negligible. It is clear that 
the only oxidation reaction contributing 
to the cutting process is the one which 
forms FeO.

One further feature of the use of high 
purity oxygen is the creation of a low 
viscosity oxidized melt which is easily 
removed from the cut zone to produce a 
cut which is free from resolidified melt or 
‘dross’ along the bottom of the cut edge. 
The role of oxidation in facilitating melt 
removal is confirmed by the much higher 
pressure of nitrogen needed to produce 
a dross-free cut edge (see table 1). Just 
above the melting point of Fe and FeO 
the viscosity of Fe is considerably lower 
than that of FeO; however at at about 
1900 K the viscosities are equal and 
above 2000 K  FeO has a much lower 
viscosity than iron.

The thermodynamics of the oxidation 
reaction
Figure 4 presents an Ellingham dia-
gram for the oxidation of iron to FeO at 
atmospheric pressure, which has been 
calculated for high temperatures in 
order to cover the range in which we are 
interested. The upper line on the graph 
represents the Gibbs free energy of the 
reaction and, in the case of laser cutting, 
(where we have a plentiful supply of oxy-
gen) this line can be considered to act 
as an on/off indicator for the reaction i.e. 
the oxidation reaction only takes place 
if the Gibbs free energy is negative. It is 

clear from the graph that the reaction will 
not be possible above 3660K at atmos-
pheric pressure.

Enthalpy, the thermal energy generated 
by the reaction, is indicated by the lower 
line in the graph. A negative number 
indicates that energy will be generated. 
It is clear that the enthalpy released by 
the oxidation of Fe to FeO is almost 
constant at approximately 250 kJ/mol 
between the melting point (1810 K) and 
boiling point of iron (3330 K). Above the 
boiling point of iron the thermal energy 
given off by the reaction is approximate-
ly 600 kJ/mol until 3660 K, above which 
point there is no reaction.

Although the thermal energy gener-
ated by the oxidation reaction rises by 
approximately 350 kJ/mol (from 250 to 
600) at the onset of boiling, the latent 
heat of boiling iron (347 kJ/mol) almost 
exactly matches this rise. Thus, if there 
is no increase in the proportion of iron 
oxidized there will be no net increase to 
the thermal input to the cutting process 
if boiling iron is involved. 

The results presented in figure 4 are true 
for pure iron and pure oxygen at atmos-
pheric pressure. Within the cut zone the 
melt surface is subjected to a pressu-
rized oxygen jet. The increase in pressure 
will raise the boiling point of iron and the 
temperature at which FeO dissociates 
into iron and oxygen. Another considera-
tion is that mild steel is not pure iron; it 
contains approximately 1% of alloying 
ingredients such as carbon, manganese, 
silicon etc. These additions will lower the 
melting and boiling points of the mate-
rial. However, for current purposes the 
boiling point of mild steel can be taken 
as approximately 3000 K and its melting 
point is approximately 1800 K.

CUTTING

Table 1. A demonstration of the increase in laser 
power needed if mild steel is cut with nitrogen rather 
than oxygen. The figures shown are averaged from 
quotes from several machine suppliers for cutting 
long straight lines.

Thickness Cutting 
Speed 
(m/min) 

Laser  
power 
(W)

Cutting  
Gas

Gas 
Supply 
Pressure 
(Barg)

3.0 mm 5.0 2500 O2 1.0

3.0 mm 5.0 4500 N2 15.0

6.0 mm 3.5 4500 O2 0.7

6.0 mm 2.5 4500 N2 18.0 

Figure 3. Polished cross sections of sparks 
given off during the cutting process. The light 
part of each section is iron, the darker material 
is FeO. (a) shows a spark that consists of an 
FeO shell surrounding an iron sphere containing 
FeO particles, (b) shows a smaller, more heavily 
oxidized spark which consists of an FeO sphere 
containing iron particles. Note: the sparks have a 
very thin outer skin of Fe2O3 (not visible in these 
micrographs).
 

a
b

Figure 4. The energy available as heat from the FeO oxidation 
reaction at atmospheric pressure. Note the sudden rise in energy 
evolved above the boiling point of iron (3330K) and the extinction 
of the reaction at the dissociation temperature (3660K). 
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CUTTING

Interactions in the cut zone
Any understanding of the laser-oxygen-
mild steel interactions requires an analy-
sis of the temperatures reached within 
the cut zone and their effect on the state 
of the melt. 

In flame cutting the ignition temperature 
of mild steel in an oxygen stream is 
approximately 1200 K. This can be taken 
as the lowest temperature at which the 
oxygen-assisted cutting process could 
be initiated on a sheet of mild steel. 
Once the exothermic chemical reaction 
has been ignited, the temperature in the 
cut zone will rise as a consequence of 
the extra energy input and the melt gen-
erated achieves a surface temperature of 
approximately 1900 K. 

In flame cutting the oxidation reaction is 
initiated and supported by a peripheral, 
low intensity flame and the replacement 
of this heat source by a central, high 
intensity laser beam is likely to result in 
higher temperatures in the cut zone. 

Direct measurement of laser cut front 
temperatures is difficult. The few experi-
mental results that have been published 
for CO2 laser-oxygen cutting show an 
increase in cut front temperature with 
cutting speed, see figure 5. This increase  
generates the higher thermal gradient  
needed to transport heat more quickly to 
the melt/solid interface at the higher cut-
ting speed. Indeed, the cutting process 
embodies a self-regulating power/speed 
relationship (up to a limiting maximum 
speed): this is a topic of interest in the 
field of laser cutting because of the cut-
ting speed variations that occur over 
a complex cut path e.g. as a result of 
deceleration around sharp corners.

The lower temperature shown in figure 5 
(1900 K) is close to the values for the 
flame cutting process. This is under-
standable because at low speeds (ie 
speeds which are unsuitably low for the 
laser power involved – below 2m/min 

in the case described in figure 5), only 
the leading edge of the laser beam is 
incident on the cut front. This is dem-
onstrated in figure 6a, which shows that 
a large proportion of the laser energy 
travels straight through the cut zone at 
very low cutting speeds. The full laser 
beam power is not utilized: heat input is 
similar to that of a flame, and flame-like 
cut front temperatures result.

As cutting speeds are increased the 
inclination of the cut front changes and 
more of the laser power is utilized, as 
shown in figure 6b, resulting in higher cut 
front temperatures. As cutting speeds 
increase, the laser power absorbed by 
the cut front rises incrementally up to the 
maximum cutting speed.  

As figure 6 shows, during laser cutting 
the whole cut front is exposed to the 
laser beam, ss the surface temperature 
of the melt will increase towards the bot-
tom of the cut zone. This point is self 
evident for laminar or low turbulence 
flow (which is to be expected as the melt 
is only tens of microns thick) because 
the surface material at the bottom of the 
cut zone has had the longest exposure 
to the laser beam and is furthest from 
the relatively cool melt/solid interface. 
Indeed, an increase in cut front tempera-
ture towards the bottom of the cut front 
has been confirmed experimentally [1].

Boiling or dissociation in the cut zone?
In figure 7 the interaction zone has been 
divided up into 5 layers. Although there 
will be no clear boundary between some 
of these ‘layers’ the schematic presents 
a reasonable hierarchy based on an 
increasing oxygen content as we move 
from the solid material through the melt 
towards the jet of oxygen. 

Figure 8a describes the usual thermal 
gradient associated with an externally 

heated melt attached to a solid. Figure 
8b presents the gradient which would be 
expected in the context of laser-oxygen 
cutting. The difference between the two 
curves is a consequence of the addi-
tional, sub-surface, heat source from the 
oxidation of iron (in layer 3 of figure 7). 
It is interesting to note that, given the 
same melt depth and surface tempera-
ture, the thermal gradient in figure 8b is 
steeper at the melt/solid interface than in 
the simple case described in figure 8a. 
This steeper gradient would allow higher 
cutting speeds and this is further confir-
mation of the thermal assistance given 
to the cutting process by the oxidation 
reaction. However, the main point of fig-
ure 8 is simply to demonstrate that the 
thermal gradient in the case of oxidation 
cutting is more complex than it is for 
simple fusion cutting.

In order to investigate the likelihood of 
boiling or dissociation of the material in 
the cut zone, consider what happens to 
the cut zone as the laser power and the 
cutting speed are increased incrementally. 

A. Ignoring cutting speeds that are 
unsuitably low for a particular laser 
power-steel thickness combination, 
begin by considering the ‘standard’ 
laser-oxygen-mild steel interaction for 
cutting. This involves a melt-laser inter-
action of the type shown in figure 6b 
with the ‘layers’ described in figure 7 
and a temperature distribution of the 
type shown in figure 8b. Miyamoto and 
Maruo [1] found that temperatures in 
the cut front did not exceed 2500 K dur-
ing this type of ‘standard’ laser oxygen 
cutting. Moderate increases in laser 
power density and speed would result 
in increasing the temperatures and ther-
mal gradients in the melt zone without 
affecting the interaction type as long as 
the melt temperatures remained below 
approximately 3000 K (the boiling point 
of mild steel). This ‘standard’ cutting 
interaction describes the vast majority of 
commercial laser-oxygen cutting of mild 
steel using CO2 and Nd:YAG lasers. The 
role of boiling and dissociation is negligi-
ble in this ‘standard’ cutting process.

Figure 5. A typical relationship between cut front 
temperature and cutting speed for 1 kW CO2 
laser cutting of 0.8 mm [1] mild steel. These 
optical temperature measurements were taken 
half way down the cut front. 

Figure 6. Cut front-laser beam interaction. (a) 
Slow cutting speeds; (b) Normal (commercial) 
and maximum cutting speeds. The schematics 
have been stretched in the direction of cutting to 
demonstrate the point. The cut front is inclined 
at only a few degrees from the vertical in actual 
cutting situations. 
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Figure 7.  A schematic cross section of the 
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B. Further increases in laser power 
could result in a proportion of the cut 
zone achieving temperatures between 
the boiling point of mild steel (~ 3000 K) 
and the dissociation temperature of FeO 
(~ 3750K). It is possible that a sub-sur-
face zone of iron rich melt might reach 
temperatures above 3000 K without the 
surface reaching 3750 K, this hot zone 
first being created towards the bottom of 
the cut front. The likely outcome of such 
sub-surface boiling would be an acceler-
ation of the rate of the oxidation reaction 
as a result of the increased turbulence 
in the melt. The additional heating would 
more thoroughly oxidize the melt before 
it was ejected from the cut zone.  

C. Increasing the laser power above 
the region discussed in B could lead to 
the temperature of some areas of the 
melt surface exceeding the temperature 
at which iron oxide dissociates. Once 
again, this ‘overheating’ would first take 
place towards the bottom of the cut 
zone where surface temperatures are 
at their highest. The subsurface oxida-
tion reaction would not necessarily be 
disrupted by surface oxide dissociation 
although the rate of oxygen absorp-
tion by the surface might be affected. 
Heating any part of the melt surface 
above the FeO dissociation temperature 
could cause a temperature oscillation 
in which the dissociation cools the sur-
rounding melt, the temperature drops 
below the dissociation temperature and 
then the oxidation reaction re-ignites. 
Such a cycle would lead to a disruption 
in the cutting process, reducing cutting 
speeds and cut quality. 

D. If an iron/oxygen cut front was 
exposed to even higher laser power 
densities then the surface temperature 
would rise to values in excess of the 
FeO dissociation temperature simply 
as a result of the incident laser power 

density (which would not 
need the support of the 
oxidation reaction). The 
surface of the melt would 
be covered in a layer of 
boiling iron and the oxida-
tion reaction would cease 
to act as a major source of 
energy to the cutting proc-
ess, though the oxygen 
jet would still contribute 
by providing a mechani-
cal thrust to push the melt 
out of the bottom of the 
cut zone, though typical 
oxygen pressure are much 
below what would be 
needed for removal of mol-

ten Fe. This combination of factors could 
lead to a collapse of the cutting process.

In the interests of clarity the above dis-
cussion has ignored changes in cut (kerf) 
width which and the eventual collapse 
of the cutting process as the maximum 
cutting speed is reached.

Conclusions
Guidelines for future models of laser-oxy-
gen cutting of mild steel:

Guideline 1: During the laser-oxygen cut-
ting of mild steel the oxidation reaction 
of iron to FeO supplies a considerable 
amount of energy to the cutting process.

Guideline 2: The iron melted during cut-
ting is not all oxidized before it leaves 
the cut zone. The melt leaving the cut is 
therefore an Fe/FeO mixture.

Guideline 3: The Fe/FeO mixture 
expelled from the cut zone has a consid-
erably lower viscosity than molten iron.

Guideline 4: FeO does not boil – it does 
not have a gas phase. If any of the melt 
in the cut zone is heated to sufficiently 
high temperatures the FeO will dissoci-
ate back into oxygen and iron, so chemi-
cal energy from the ‘oxidation reaction’ 
will not be available. 

Guideline 5: The thermal energy provided 
to the cutting process by the oxidation 
reaction is approximately 250 kJ/mol.

Guideline 6: The boiling point of mild 
steel can be taken as being approxi-
mately 3000 K and its melting point is 
approximately 1800 K.

Guideline 7: At very low speeds most of 
the laser energy does not interact with 
the cut front and temperatures within the 
cut zone will be of the order of 1900 K.

Guideline 8: For lasers cutting mild steel 
with oxygen assist at moderate or high 
speeds, the cut front temperature will 
rise as a function of the cutting speed.

Guideline 9: During laser oxygen cutting 
of mild steel, the laser beam irradiates 
the whole of the cut front and the surface 
temperature of the melt increases towards 
the bottom of the cut front as a result of 
increased laser-melt interaction time.

Guideline 10: Standard, commercial 
laser-oxygen cutting of mild steel does 
not involve boiling or oxide dissociation.

Guideline 11: High intensity laser-oxygen 
cutting could involve sub-surface boiling of 
iron-rich melt under a layer of molten FeO.

Guideline 12: If the energy density of 
the focused laser is too high, the laser-
oxygen cutting process for mild steel 
may become disrupted. This may result 
in reductions in cut quality and cutting 
speeds.
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Figure 8. Typical temperature profiles in laser generated melts on 
solid substrates. a. Temperature profile for a homogenous melt/solid 
combination. b. Temperature profile if sub-surface oxidation provides a 
secondary heat source. 

See Observations p48

This paper is adapted from a presenta-
tion that appeared in the Proceedings 
of ICALEO 2008, Temecula, CA USA, 
October 2008 and is published with the 
kind permission of the Laser Institute of 
America. 

35



The Laser User       Issue 53, Winter 2008

I n gravure printform structuring 
large areas are treated with high 
spatial resolutions. Fast workflow 

cycles of the print rollers require an 
fast, efficient treatment of large sur-
face areas (up to several m2) with 
micro-precision. The application 
of lasers in this field is becoming 
increasingly because of their high 
spatial resolution,  digital modulation 
capability and high machining rate. 
The fastest and most versatile proc-
ess for gravure cylinder imaging is 
direct laser engraving of the metallic 
surface, where ablation rates up to 1 
cm3/min can be achieved. High power 
Q-switch Nd:YAG and fibre lasers 
up to repetition rates of 100 kHz are 
used, tuned for high reproducibility 
and stability. A fast modulation of 
the laser beam profile for each single 
pulse allows for optimization of the 
cell shape to get the best ink transfer 
interaction on a specific print sub-
strate. Highest screen resolutions are 
made with single mode cw fibre lasers 
with >100 W output. 

Gravure printform manufacturing
Imaging of gravure cylinders
A rotative gravure print form consists 
of a steel cylinder electroplated with a 
homogeneous and even surface layer of 
copper or zinc. The image information 
is represented by microscopically small 
cell volumes which are engraved into the 
copper or zinc surface and which trans-
fer the ink in the printing process to the 
substrate, as illustrated in figures 1 and 
2. By using a doctor blade the amount 
of ink transferred is defined exactly by 
the cell size.

Most gravure print forms are imaged by 
one of the following procedures: 

-  chemical etching after film based 
analog exposure and developing a 
protection mask layer (traditional)

-  digital electromechanical engraving 
(EM) with a diamond sty-
lus (traditional) 

-  chemical etching after 
digital laser structur-
ing (imaging) of a mask 
resist (new) 

-  digital imaging by direct 
laser ablation of metal  
(new).

To improve the precision, 
repeatability, productivity and 
efficiency of the process, the 
traditional ways of gravure 
print form fabrication are 
currently being replaced by 
direct laser micro structuring. 

After imaging the surface is electro-
plated with chromium to ensure a long 
lifetime under the strongly abrasive con-
ditions in the printing press. The dimen-

sions of gravure cylinders 
range from 0.3 to 4.4 m in 
length with a circumfer-
ence of 0.3 to 2.2 m and a 
surface area of up to 10 m2. 
With screen resolutions of 
60 – 100 l/cm for publica-
tion products and 100 – 400 
l/cm for packaging applica-
tions, the typical number 
of cells on a cylinder range 
from 108 to 1010. To accom-
modate the large dimen-
sions of the print form and 

the fine image resolution and 

achieve acceptable processing 
times, lasers of high PRF and 
average power are required for 
this industrial large scale micro-
fabrication application.

Engraving of gravure cylinders 
by direct ablation of the metallic 
surface material
The most efficient method for 
large scale micro-engraving is 
the “one shot - one cell” method: 
a pulsed laser beam generates 
a complete cell with each single 
laser pulse. For example, typical 

values for a 70 lines/cm screen and cell 
drilling with micron accuracy are: laser 
pulse repetition rate 70 kHz; volume 
ablation rate ≤ 1cm3/min; area process-
ing rate ≤ 0.1 m2/ min. 

Figure 3 shows the basic scheme of the 
optical arrangement. A Q-switched Nd 
-YAG twin laser system is used with 2 x 
450 W at 35 kHz, combined to a single 
beam with 70 kHz pulse rate. The energy 
of each laser pulse is set with an acous-
to-optical modulator (AOM) and control-
led by the digital image data. After trans-
mission through an optical fibre more 
than 500 W mean power can be focused 
onto the cylinder surface, causing abla-
tive material removal. The entire cylinder 
surface is engraved in rotation by writing 
one single continuous helical track of 
precisely defined cells. While the cylin-
der rotates with up to 20 revolutions/s, 
the processing head moves along a line 
that is parallel to the axis of the cylin-
der with a cross feed per revolution of 
15 - 150 μm, depending on the resolu-Figure 1. (left) Gravure printing; (right) Gravure cylinder direct laser 

engraving

Figure 3. MDC Direct laser system (DLS) for Gravure

Figure 2. (a) SEM photo of conventional cells with flat bottom; 
(b) Half-autotypical cells with round bottom

Cr

Zn

Cu
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tion of the screen. At maximum tone 
value the thickness of the walls is of 4 to 
6 μm between the cells. This requires a 
beam pointing accuracy on the cylinder 
of less than 1 μm. 

Referring to figure 2, every laser pulse 
creates an entire cell by local ablation 
of the Zn layer. The shape of the cell 
is defined by the intensity profile of 
the laser beam. Half-autotypical cells 
(depth and diameter variable over the 
gray scale) can be generated using a 
Gaussian beam profile and conven-
tional cells (depth-variable with constant 
diameter for each gray value) using a 
top hat profile. The volume of the cell 
depends on the pulse energy. Diameters 
of the cells range from 25 to 150 μm 
and define the image resolution and 
the cell depths range from 1 to 40 μm 
and define the gray-scale values of the 
printed dots. The bulk of the material is 
ablated directly by evaporation, thereby 
achieving precisely defined cells and 
minimising thermal effects (heat conduc-
tion and convection of molten material). 
The heat affected zone and burrs can 
be reduced to a thin deposit of no more 
than 2-3 μm around the cell. To achieve 
these results a special electro-plated Zn 
material with organic additives devel-
oped by Daetwyler is used, which offers 
a lower heat conductivity than that of 
normal Zn structures and maximises the 
ablation efficiency. 

The advantage of being a non-contact 
tool is crucial for the use of a laser over 
that of an electromechanical gravure 
with the diamond stylus. Since there 
is no wear, uniformity of the gravure is 
assured over the entire width of the cyl-
inder, providing predictability and repeat-
ability for the printing process. Examples 
of cells and screens are shown in 
figure 4a. A so called “Masterscreen” 
can be synthesized by overlapping sev-
eral small cells to a honeycomb-shaped 
compound cell. This allows to combine 
the high resolution of the small cell with 
the ink holding volume of the larger syn-
thesized cell. 

A further option is to use a pulsed high 
power fibre laser system, with a PRF 
tunable from 25 to 100 kHz and 500 W 
mean power. This system permits “one 
shot” drilling of large cells (e.g. 140 μm 
diameter for a 70 l/cm screen), at 35 
kHz repetition rate in which more energy 
per pulse is available; smaller cells 
(e.g. with 25 μm diameter for 400 l/cm 
screen), needing less pulse energy can 
be engraved at higher (100 kHz) repeti-
tion rates. 

The repetition rate flexibility of this laser 
has advantages for the production effi-
ciency of high resolution screens. For a 
given maximum power of the laser the 
best production efficiency is defined 
for each screen by the highest achiev-
able pulse rate at which sufficient pulse 
energy is available for the ablation of 
a complete cell. The improved beam 
quality of the fibre laser also allows 
the engraving of materials other than 
zinc, for example copper. However, the 
processing of copper, unlike zinc, gives 
rise to more molten residue around the 
cells and the internal cell structure is 
less well defined due to the large heat 
conductivity of copper, resulting in melt 
flow; see figure 4b. The production of 
precise cell volumes for the defined gray 
scale values required in printing are a lot 
more controllable when using zinc.

Efficiency
Employing the concept of “one pulse, 
one cell” currently makes laser process-
ing about 9 times faster than the electro-
mechanical gravure as shown in figure 5. 
For example, for a 70 lines/ cm screen 
typical times are 11.6 min/m2 by laser 
vs. 101.5 min/m2 by EM.

In EM extremely long engraving times 
would be needed for high resolution 
screens with small cell diameters. In 
addition, cell depth and ink volume is 
limited for small cell diameters due to 
the fixed shape of the diamond stylus. 
By contrast, the variable design of laser 
engraved cells can achieve high screen 
resolutions with large ink volumes within 
an acceptable production time of a few 
hours.

Active modulation of the beam profile
Lots of different substrate materials 
(including paper and flexible foils) are 
on the printing market, each with its 
individual surface properties. Optimising 
the ink transfer depends on the surface 
structure of the substrate (e.g. rough-
ness, ink absorptive capacity), on ink 
parameters such as viscosity, pigment 
size and printform. The optimisation can 
be achieved for each individual case by 
varying the shape of the gravure cells. 

Aspect ratio and ink transfer
The aspect ratio (AR), defined as cell 
depth to diameter, is a crucial parameter 
for the interaction processes between 
ink, cell and substrate. It determinates 
the filling and release of the ink: a cell 
that is too shallow (AR < 0.1 for low 
quality substrates or AR < 0.05 for high 
grade paper or foils) can produce prob-
lems such as ink drying, missing dots, 
doughnut-shaped printout and unstable 
ink transfer. If the cell is too deep (AR 
> 0.5), the cell may not admit ink, or 
capillary forces may inhibit ink release. 
Materials with fine surfaces such as foils 
are more tolerant, raw paper grades 
more critical. To control the aspect ratio 
freely, an independent control of depth 
and diameter of the cell is necessary: 
this translates into a requirement for 
independent control of the power and 
intensity profile of the laser beam. 

Intensity profile modulation
Apart from heat conduction and convec-
tion processes the cell represents an 
exact copy of the intensity profile of the 

laser pulse at the focal point. 
To get a specifically defined 
shape for each cell, the inten-
sity profile of the beam must 
be formed and controlled 
actively and in real time. The 
general scheme of this spatial 
modulation technique is shown 
in figure 6 overleaf; for details 
see reference [1]. 

Controlled by the image data, 
the shape, diameter and depth 

Figure 4a. Single shot screen, 100 l/mm, 30 º and 
masterscreen

Figure 4b Engraving with a pulsed fibre laser, 
comparing zinc (which is easy to clean) and 
copper (which leaves molten residuals)

Figure 5. Comparison of engraving speed and screen resolutions
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of each single cell can be assigned inde-
pendently by active modulation of the 
intensity profile and independent varia-
tion of the energy of each laser pulse at 
rates up to 100 kHz. This new cell type 
in printform fabrication is named superh-
alfautotypical cell (SHC) as it is an exten-
sion of the halfautotypical cell properties 
(for which depth and diameter are vari-
able, but not independently controllable). 

Thanks to SHC cell shape modulation it 
is possible to generate completely new 
cell configurations with optimised ink 
transfer characteristics and printability 
for each individual colour %-tone value 
and for each print substrate. Examples 
of different shapes of engraved cells at 
different tone values are shown in figure 
7. These examples show how intensity 
profiles ranging from a Gaussian to a top 
hat profile can be designed, also allow-
ing for various bottom structures. The 
cell shapes are well defined and repeat-
able as is shown by the measurement 
for neighbouring, consecutive cells. The 
SHC modulation permits the engraving 
of all cell types (conventional, autotypi-

cal, half-autotypical) with one laser sys-
tem,  where formerly different processes 
(electromechanical engraving, chemical 
etching) were needed. 

New approaches
Apart from the “one shot one cell” meth-
od with SHC beam profile modulation, 
gravure cells can also be designed by 
superimposing consecutive laser pulses, 
where the individual spot sizes are small-
er than that of the required cell (e.g. a 10 
μm diameter spot and 100 μm diameter 
cell). The resulting combined cell will be 
like an advanced masterscreen cell, with 
its shape and internal structure deter-
mined by the modulation, overlap and 
feed forward scheme of the laser pulses. 
High brightness fibre lasers (cw and 
pulsed) or ultra short pulse lasers allow 
for this advanced approach of engrav-
ing due to their excellent (TEM00) beam 
quality and high peak power at focus. 
Apart from zinc the high brightness also 
offers the engraving of other materials 
such as copper and ceramics which are 
more difficult to engrave with the Nd:
YAG system described above. 

Engraving strategies and applications 
using high brightness CW sources
Instead of the “one shot - one cell” con-
cept (figure 8a) scan processes as used 
for image setters are possible using 
TEM00 laser sources (figure 8b). 

A CW operating laser is on/off- or grey 
scale modulated - and engraves small 
overlapping stripes that form together to 
produce, for example, a rhombic cell. An 
advantage of this approach compared 
to the “one shot one cell method” is the 
higher resolution of the image (e.g. 1000 
l/cm for 10 μm feed forward steps and a 
laser spot size of 15 – 20 μm). 

A disadvantage is the image setter scan 
process is the loss of productivity and 
efficiency. At the same pulse or modula-
tion rate and the same duty cycle the 
image setter algorithm would be slower 
by a factor of about 50 times compared 
to a 140 l/cm single shot screen which 
has feed forward steps of 70 μm. This 
factor increases to 200 for a screen of  
70 l/cm. To compensate for this, higher 
modulation frequencies (about 1 MHz) 
and multi-beam engraving heads are 
used. The image setter scan process 
algorithm is applicable to numerous high 
resolution 2D (printing) and 3D (emboss-
ing) applications. Due to the high bright-
ness of TEM00 laser sources metals 
other than zinc and other materials 
including ceramics can be processed. 
Some examples of special applications 
for this engraving method are discussed 
below.

Application 1: Anilox gravure rollers for 
glue transfer with large hexagonal or 
rhombic cell sizes represent an applica-
tion of high volume material transfer 
(figure 9). For glue transfer large and 
very deep cells are required due to the 
required volume and the high viscosity 
of glue. Cells with small diameter are not 

Figure 6.  Independent modulation of pulse power and intensity profile

Figure 7.  
Examples of SHC 
cross section 
and 3D profiles 
measured by 
white light 
interferometry:  
a) Gaussian 
intensity profile 
for a light tone; 
b) Top hat 
approach for a 
mid-tone; 
c) Intensity profile 
with bottom ring 
structure(test); 
and 
d) Same Ring 
structure 
with changed 
parameters

Figure 8. (left) "One shot – one cell" concept and 
(right) the  Image Setter scan process
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applicable because they wouldn’t take 
on the glue. The rhombic and hexagonal 
cell structure allows for high area cover-
age of the glue (higher quantity than for 
round cells).

Application 2: Printed electronics is an 
upcoming new technology in which the 
required high precision of electronic 
components and circuits define new 
benchmarks for accuracy and homoge-

neity of the printouts. The conduct-
ing and semiconducting organic or 
inorganic inks are mostly paste-like 
and difficult to print. Precise con-
trol of cell geometry and surface 
texture of the gravure print form is 
essential for homogeneous, pin-
hole-free layers of these functional 

inks. Figure 10 shows test engrav-
ings for RFID circuits and antennas 
based on the image setter method. 

The outline has a width of only 10 μm. A 
CW fibre laser with 600 W and M2 = 1.2 
was used for this work.

Summary and Outlook
In gravure, laser technology combined 
with digital imaging methods has 
improved the traditional processes of 
print form fabrication regarding effi-
ciency, range of screens, precision and 
quality of the printout. When applying 
appropriate production algorithms many 
of the current laser types can be utilized. 
Today, the “one shot-one cell”-SHC 
process with modulated laser beam 
profiles is the fastest process for gravure 
and can be matched to different printing 
conditions, e.g. various ink or substrate 
materials. New engraving algorithms 
with high power TEM00 laser sources 

enable the extension of laser ablation 
methods to a higher number of industrial 
applications such as rollers for large area 
material transfer, high precision gravure 
patterns for printed electronics or for 3 
dimensional embossing tools. The high 
brightness of new laser sources allows 
for the efficient treatment of materials 
other than zinc. Ultrashort-pulse lasers 
will push and improve these methods 
once the required average laser power is 
achieved and new appropriate engraving 
algorithms and strategies for multi-shot 
processing will be developed. A chal-
lenge for the future is to optimise the 
ablation process using ps-pulse lasers. 
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Figure 9.  Anilox roller for Glue transfer a) in carpet 
production and b) for car glass foils

See Observations p48
Figure 10.  Engraving tests of RFID using cw 
– fibre laser and image setter technique. The  
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Over lunch Lin Li, assisted by Mike 
Green, chaired a session designed to 
introduce the forthcoming High Value 
Manufacturing Technology Strategy Call 
due to be launched on 19th January 
2009. There was significant interest 
in the Call from the 25 delegates who 
joined the lunchtime discussion, though 
unfortunately only one of the those 
attending was an end user. 

Details of the Call can be found on 
p45 of this issue and anyone wanting 
to know more about the Call or who is 
interested should read Martin Sharp's 
piece on p42 and/or follow the links 
given on p 23 to presentations at the 25 
November event, or contact the AILU 
office for assistance. 

The period after lunch was devoted to 
laser technology developments. Peter 
Blatt from Coherent introduced the TPC 
(Tairored Pulse energy) Pulse Track, 
a technology that provides variable 
pulse energy on the fly for multilayered 
materials. An example was shown of a 
multilayer structure comprising of cop-
per, resin, copper, prepreg, copper, resin 
copper material. The layers were of dif-
ferent thicknesses and high pulse energy 
was required to drill through the copper 

and low pulse energy was required to 
drill through the resin and prepreg with-
out damaging the lower copper layer. 
Blind holes of 25 to 120 μm diameter 
were being drilled (see above figure).

The final presentation was by Mo Naeem 
of GSI Group. It was an an excellent 
all-round review of cutting composites 
and ceramics using a variety of lasers. 
Applications ranged from using a 950 W 
pulsed CO2 laser to machine a hole of 
over 100 mm diameter in 2 mm thick 
carbon fibre / PEEK resin at a scan rate 
of 1m/min (using 4 bar nitrogen as the 
assist gas) to the use of a low power 
Nd:YAG laser to percussion drill holes 

of 120 μm diameter and to trepan 1 mm 
diameter holes in carbon fibre, also 
using nitrogen as the assist gas.

Mo touched on processing of Silicon 
Nitride, Alumina (50 μm diameter holes 
drilled in 0.6 μm thick material using a 
single mode 100 W fibre laser) to the 
machining of metal matrix composites 
such as Aluminium Lithium and Titanium 
alloys reinforced with Silicon Carbide 
precipitates or fibres and finished on 
machining of polycrystalline silicon 
– again – well worth looking at if it’s in 
your field of interest.

The workshop was concluded with a 
tour of the Rolls-Royce Factory of the 
Future, within the AMRC with Boeing. 
Delegates saw the latest manufacturing 
equipment and production capabilities to 
enable businesses to trial new develop-
ments on a full-scale commercial pro-
duction capacity.

Thanks go to the National Composites 
Network, Yorkshire Forward, the AMRC 
and the Photonics KTN for support, and 
to AILU and the venue staff for ensuring 
that everything ran smoothly on the day. 
Janet Folkes, Workshop Chair

Drilling micro-vias. PulseTrack™ technology can 
vary pulse energy on the fly for precise results 
on a range of materials
Courtesy Coherent
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In laser cladding the energy of a 
laser beam fuses a material addi-
tion to the surface of a component; 

a different material to alter the surface 
properties of the part, or a similar 
material to enable repair of wear or 
damage. Residual stresses during 
solidification, brought about by ther-
mal gradients in the molten deposi-
tion pool, can result in cracking in the 
clad material; high temperature at the 
centre of the melt pool and uneven 
cooling rates can result in undesirable 
variations in grain structure across the 
clad surface, mirrored in variations in 
strength, fracture toughness and cor-
rosion resistance.

Laser clad tracks deposits typically 
exhibit a domed profile. A number of 
factors are believed to influence this 
shape including the mass flow profile 
of injected powder and the time a dis-
crete section of the melt pool surface is 
above melt temperature. Mass transport 
effects, caused by stirring of the melt 
pool, also contribute. By controlling the 
temperature gradient in the melt pool, 
which is the source of the currents, a 
more desirable deposition profile can be 
achieved, reducing the doming of the 
clad tracks and by so doing reducing 
the degree of overlap between adjacent 
tracks needed to achieve a uniform 
deposition.

The shape and intensity distribution of a 
laser beam play a key role in controlling 
temperature profiles. For example, if a 
CW laser beam with a circularly symmet-
ric cross section were scanned in a line 
across a surface it would deposit more 
energy along the centre line of the scan 
even if the intensity distribution was 
uniform. In order to properly address 
temperature gradient effects a means 
of tailoring the intensity distribution 
and shape of a laser beam is required. 
Diffractive Optical Elements (DOE) pro-
vide this means.

Diffractive Optical Elements 
The DOE used in this work take the form 
of a reflective array of stepped features 
in sub wavelength increments accord-
ing to a complex computer generated 
diffraction pattern known as a Kinoform. 

An example of such a DOE is shown in 
figure 1.

If a coherent laser beam is incident on 
the DOE in figure 1, phase differences 
will be introduced in the reflected beam. 
By proper design of the DOE the beam 
intensity profile in a reconstruction plane, 
created by the interference of the many 
reflected beam components, will achieve 
the predetermined shape. At the same 
time the DOE can also provide beam 
focusing. 

DOE’s have been successfully used in 
a number of industrial laser processes, 
including hardening, multiple point sol-
dering, and simultaneous cutting and 
welding of polymers. The control of the 
beam intensity profile allows temperature 
characteristics to be designed into the 
process; in the case of cladding this can 
be used, for example, to optimise the 
grain size and residual stresses in the 
deposition. 

Observation of the cladding process
This study relates to depositions of 
Inconel 625 powder onto a mild steel 
substrate using a customised beam 
profile referred to as 'Half Pipe'. A 
graphical representation of this profile is 
shown in Figure 2. The DOE-produced 
beam cross section is a 3x5 mm rectan-
gle. The trough runs parallel to the scan 

direction. In practice the Inconel pow-
der would be blown onto the substrate 
but for this study, to remove the influ-
ence of powder deposition, the powder 
was pre-placed onto the substrate in a 
0.5 mm thick layer.

All depositions were made using a 
Coherent S48 slow flow CO2 laser pro-
ducing a maximum output of 1.2 kW in a 
stable TEM00 beam, or the reconstructed 
profile from a DOE. 

To visualize the mass transport effects 
driven by melt pool temperature gradi-
ents high speed video has been taken 
of the process. Depositions were made 
and imaged at 1000 frames/s, using the 
self illumination of the melt pool. The 
camera position was fixed relative to the 
laser head viewing transverse the axis of 
the work piece motion. The temperature 
variations in the molten pool were seen 
as contrast levels in the video images. 
Figure 3 shows one such frame.

Figure 4 shows a series of high speed 
video stills taken at 5 ms intervals dur-
ing cladding with a TEM00 beam profile. 
The contrast of the images has been 
increased to give a clearer view of the 
surface patterning. The large variations 
in surface pattern between adjacent 
shots is indicative of the large degree of 
mass transport within the molten pool. 

Profile and microstructure control in direct deposition
Matt Gibson, John Tyrer and Rebecca Higginson

Figure 1.  A Diffractive Optical 
Element (DOE) and (right) an 
SEM image of a small part of the 
stepped surface

Figure 2. 'Half 
Pipe' beam 
distribution for 
cladding. The 
trough runs 
parallel to the 
scan direction.

Figure 3. 
Single 
video frame 
during 
cladding

CLADDING
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The stirring action at the surface of the 
weld pool is made even clearer in fig-
ure 5 where the video image has been 
converted to a single bit, at 1 ms inter-
vals. At the centre of the deposition a hot 
region, indicated as white, can be seen 
to form and expand out to the edges 
of the deposition. From the movement 
between frames the speed of surface 
transport is shown to be ~ 0.1 m/s.

The frames for deposition with the Half 
Pipe beam irradiance distribution provid-
ed by the DOE are shown in Figure 6, to 
be contrasted with the results in figure 4. 
In this case the deposition shows a dark 
(cooler) region at the centre relating to 
the leading edge of the deposition track, 
with brighter heated extremities, reflect-
ing the modified power distribution in the 

laser beam. The lack of variance between 
frames is indicative of the significantly 
reduced mass transport at the surface 
of the deposition, presumably due to a 
reduction of temperature gradients within 
the deposition melt pool. The temperature 
gradient between the leading edge of the 
melt pool and the trailing edge produces 
a slow longitudinal movement of material 
of approximately 0.02 m/s.  

Analysis of grain structure
Depositions have been analysed in 
a scanning electron microscope. For 
packaging into the SEM the beam size 
has been 
reduced to 
a 2x2 mm 
square. The  
modified 
distribution, 
shown in 
figure 7, is 
referred to 
as “Rugby 
Posts”. 

Figure 8 compares the micrographs of 
depositions made using TEM00 and a 
"Rugby Posts" intensity distributions, the 
DOE modified beam producing a depo-
sition with a flattened top surface, pre-
sumably due to control and reduction of 
molten pool flow. Banding is present in 
the depositions, where the attack of the 
acid etch has varied due to the possible 
segregation of the alloying elements dur-
ing deposition. As expected, it is more 
prominent in the TEM00 deposition due 
to the higher temperatures reached at 
the centre of the melt pool. 

To gain a clearer understanding of 
the formation of microstructures in 
the deposition, Electron Backscatter 
Diffraction (EBSD) measurements were 
made. Inverse pole figure maps, which 
show the direction of crystal orientation 
revealed no dominating colour, indicating 

random crystal orientation. On the other 
hand, the mapping grain size distribu-
tions revealed significant differences, as 
shown in figure 9. The figure shows a 
number of large grains (red) occupying 
the central volume of the TEM00 deposi-
tion. By contrast only a few grains in the 
Rugby Posts distribution deposition have 
fallen into the largest size category, and 
then only at the lower end of the size 
range: quantitatively, a 28% reduction in 
maximum grain size and a 50% reduc-
tion in the average grain size throughout 
the deposition area. A reduced overall 
grain size results in improved mechanical 
and corrosion resistance properties and 
is therefore highly desirable. 

Conclusions
A DOE has been developed to produce 
a more uniform temperature distribution 
during cladding. Compared to deposition 
of Inconel 625 with a TEM00 beam, use 
of a DOE-modified beam significantly 
reduced temperature gradients and 
mass transport in the molten pool, flat-
tening the surface of the deposition and 
resulting in a deposition with a signifi-
cantly smaller grain size.

The authors would thank Dr John Jones 
of Laser Optical Engineering Ltd for the 
thermal modelling of beam profiles used, 
Dr Sara Noden and Daniel Lloyd also of 
Laser Optical Engineering for calcula-
tion and manufacture of the Diffractive 
Optical Elements.

Matt Gibson and John Tyrer are from 
The Wolfson School of Mechanical 
and Manufacturing Engineering, 
Loughborough University. Rebecca 
Higginson is from the Department of 
Materials, Loughborough University.

Contact: Matt Gibson
E: m.gibson@lboro.ac.uk

Figure 4. High contrast screenshots of deposition 
using TEM00 beam profile, frames at 5 ms 
intervals.

Figure 5. 
Single-bit 
frames 
at 1ms 
intervals 
showing 
the stirring 
action 
within a 
TEM00 melt 
pool

Figure 6. High contrast screenshots of  
deposition using Half Pipe beam profile, frames 
at 5 ms intervals.

Figure 7. 'Rugby posts' beam 
distribution

Figure 8. Micrograph of Inconel 625 deposition, 
acid etched, made using a (top) TEM00 and 
(bottom) "Rugby Posts" intensity distribution.

100 µm

Figure 9. Grain area distribution of Inconel 
625 deposition made using a (top) TEM00 and 
(bottom) "Rugby Posts" intensity distribution. 
Grain size ranges: 0 - 50 (blue); 50 - 200 (green); 
200 - 500 (yellow); 500 - 1000 (orange); and  
1000 - 3000 µm (red)

See Observations p48

100 µm

100 µm

100 µm
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The Technology Strategy Board 
in the UK has now outlined its 
Autumn 2008 call and of particu-

lar interest to AILU members is a call 
that formally opens in January 2009 
entitled “High Value Manufacturing: 
Step Change in Competitiveness”. 
Laser based materials processing 
clearly has a lot of relevance here, 
and the call represents an excellent 
opportunity for companies seeking 
to achieve such improvements by 
employing laser technology (and other 
methods of course!) to get financial 
support for their research and devel-
opment. 

These Research and Development 
(R&D) grants are intended to promote 
and encourage businesses to invest in 
R&D that they might not otherwise have 
undertaken because either they lack the 
resources or they perceive the risk to 
be too high to justify the expenditure of 
company money alone. 

How much will you get?
The answer is: not 100%! Involvement 
in a collaborative R&D project involves 
funding some of the work. The TSB 
will pay only a percentage of the total 
project costs for all the partners: there is 
a limit of 75% funding for projects con-
sidered to be “basic research”, and more 
typically only 50% funding for Applied 
Research. These are the limits on the 
whole project expenditure: within the 
project there are separate limits for the 
partners: 50% for large companies, 60% 
for SME’s, 100% for universities. 

Most projects have at least one aca-
demic partner in the consortium but the 
funding is not intended purely for fund-
ing universities. That said, the 100% for 
universities is a government decision 
and is non-negotiable. So, if the overall 
level of funding for an applied research 
project is 50% and there is an academic 
partner, this will necessarily mean that 
not all of the industrial partners can ask 
for their 50% grant entitlement. 

The lack of 100% funding is often cited 
by companies as a reason for not to 

even applying for funding, but more 
forward thinking companies recognise 
that they must invest in R&D to ensure 
a future and thus seek any reasonable 
level of support they can get towards 
this cost. Nevertheless, it is perfectly 
reasonable for companies to consider 
if it is worth pursuing a grant funded 
collaborative R&D project: what will be 
involved; what constraints are imposed; 
and what burden will administration of 
the grant itself impose?

What costs can be included?
Many companies often assign activ-
ity to production that in reality is R&D. 
Such hidden costs should be identified 
to ensure that the R&D grant funding is 
maximised. 

The TSB define what costs are eligi-
ble for the calculation of project costs. 
Overhead costs will normally be allowed 
and it is important that these are calcu-
lated accurately. Many companies take 
too simplistic a view of this and underes-
timate these costs.

Costs can be thought of as “real “ or 
“matching”. Real costs should cover 
staff who work directly on the project, 
consumables, materials and equipment 
to be purchased, and any travel costs 
associated with the project. Matching 
costs include the overhead costs for 
all staff involved in the project, costs of 
managers time on the project, machine 
time on existing machines etc. When 
all the estimated project costs are 
identified and apportioned to “real “ or 
“matching” it can be surprising how 
even a relatively low grant funding rate 
can cover the real costs and make the 
project viable.

Negotiations
In a collaborative project it can be dif-
ficult to know exactly what rate an indi-
vidual partner will receive until all parties 
have examined their proposed project 
finances and the whole project is exam-
ined against the overall funding limits of 
between 25 and 75%. This can be an 
iterative process. 

It is unlikely 
that all part-
ners will 
receive the 
same funding rate. In particular, the lead 
partner should expect to get the highest 
level as it will have to take on signifi-
cant management tasks and activity. 
The project must demonstrate that it is 
industry driven and has industrial com-
mitment and therefore the lead partner is 
expected to be an industry organisation.  

Many large companies will accept less 
than the maximum possible if the project 
is deemed to have a real strategic bene-
fit. Some companies can see a big return 
for them if the project is successful and 
will invest a higher proportion. Other 
partners, while essential to the success 
of the project, may see less potential 
benefit and ask for funding levels at the 
top end of what is technically available 
to them. Experience suggests that where 
a project is likely to lead to a good result 
for the partners then the negotiations 
surrounding the funding profile between 

Grant-supported collaborative R&D:  
is it for you?
Industrialist turned academic Martin Sharp, leader of  
Photonics in Engineering at Liverpool John Moores University,  
offers advice to industrialists on funded collaborative R&D.

A view from an industrial partner 
JP Imaging Ltd

For a SME, investment in R&D is always 
difficult – there is always something 
more pressing to spend available money 
on – a new marketing plan, manufac-
turing plan etc., etc. For the SME the 
bottom line is often best summed up 
as – “If we don’t look after today, then 
we won’t have a tomorrow anyway”. Of 
course this is a short term view but it is 
one which is often held. Investment in 
the future (R&D) requires the availability 
of strong technical skills, engineering 
workshops and laboratories and that 
can be expensive. These resources take 
time and experience to establish. This 
is where a collaborative programme can 
bear fruit for the SME. The TSB can 
provide some funding, the SME can 
provide the business expertise and the 
University can bring the technical skills, 
experience and facilities to establish a 
truly symbiotic relationship

Rod Potts, Director

RESEARCH REVIEW
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partners are generally straightforward. 
Where partners make unreasonable 
demands or insist on their full “alloca-
tion” of funding when others are accept-
ing less, alarm bells should be ringing.

Payments
The TSB makes it grant payments quar-
terly in arrears. They expect to make 
payment within 30 days of a claim being 
submitted but this doesn’t always hap-
pen, and of course someone has to 
put the claim in promptly. As it is “in 
arrears”, this means that the partners 
have to spend the money first and pos-
sibly wait up to 150 days later to get a 
percentage of it back. Participants need 
to check that they can handle the cash 
flow implications of this.

Why Collaborate?
Having other companies or universities 
involved in an R&D project may seem 
slightly odd. You will have to share the 
knowledge gained even if there will be 
contractual restrictions on how these 
others will be able to use it. If that 
knowledge is a significant development 
for the future of your company it may 
seem quite risky. 

But the reality is that it is normally 
beyond the resources of a single com-
pany to undertake R&D that leads to 
significant outcomes. As well as financial 
resource, knowledge and know-how, 
there is the question of analytical and 
test equipment and the ability to trial 
developed products with customers 
and other users further down the supply 
chain. Even if a company can commit 
all the necessary resources to a project, 
there is still the risk of it going wrong or 
not delivering the anticipated benefits 

Working in a collaborative project allows 
the resources and the risk to be shared. 
It allows the consortium to bring the best 
available knowledge and know how to 
bear on its endeavours. It can achieve a 
critical mass of companies, perhaps ones 
that normally consider themselves to be 
competitors, to work together to help 
bring a major development to the market.

Generally the best consortia are those 
that consist of companies throughout 
the supply chain in the partners market. 
In particular it is important to include the 
end users, the people who can take the 
final product to market. 

There are also hidden benefits to con-
sortium activity as well. A successful 
consortium will want to continue working 

together and will seek new opportunities 
to develop new processes and products. 
Participants will meeting with the senior 
R&D personnel of the other partners, 
perhaps their customers or their com-
petitors. The dissemination activity and 
potential publicity of the consortium will 
improve each participants visibility in 
the market. For some companies, it can 
be their first experience of working with 
academic partners. Its not possible to 
put a value on this networking activity, 
but most organisations who have expe-
rienced it have been very appreciative of 
the opportunities it presents.

Collaboration agreements
Collaboration involves thinking “collabo-
ratively” i.e. working together to conduct 
an R&D project that will benefit all of the 
partners.

There are model collaboration agree-
ments available from the TSB. These 
would satisfy 90% of companies forming 
collaborations and applying for fund-
ing. 8% may need minor revisions, and 
not too many will want major revisions, 
which may, of course may make the 
proposed agreements unacceptable to 
other member of the consortium.

But an agreement has to be reached. 
Much of the discussion revolves around  
money and who does what and by 
when. Who will manage the project and 
how will each partner be represented 
in directing the project manager. Other 
matters to be addressed include: What if 
someone wants to leave the consortium;  
What if it is desirable to bring someone 
new on board; How will the parties com-
ply with the TSB terms and conditions of 
funding. There is nothing worse than a 
partner who suddenly decides the con-
ditions of funding should not apply to 
them, or are “too busy” to do this quar-
ters reports.

The TSB now insist that the Agreement 
is in place within a fixed time from the 
date of the offer letter or else the grant 
offer will be withdrawn. 

Dealing with IP
A key aspect of the collaboration agree-
ment is the treatment of Intellectual 
Property (IP). Partners can be concerned 
that they are giving away their IP, others 
feel that since they are putting money 
into the collaboration they should have a 
degree of ownership of any IP generated 
regardless of the proportion of their input 
and, more importantly, their level of input 
into an inventive process.

The treatment of IP in a model collabora-
tion agreement is fairly straightforward: 
IP owned prior to joining the collabora-
tion (i.e. background IP) remains with the 
owner; IP developed in the project (fore-
ground IP) belongs to the “inventors” 
– the people who discovered it, invented 
it, etc. If it is a joint invention then it 
should be owned jointly. The owners of 
both foreground and background IP are 
expected to divulge it to other partners if 
necessary for the purpose of progressing 
the project, under an agreement of non 
disclosure; but no ownership transfer 
takes place. 

For patent purposes the “inventor” is 
the specific person(s) who demonstrably 
made the inventive step - not necessarily 
the manager who attended the weekly 
meetings. Almost certainly contracts of 
employment will assign ownership of an 
invention to the employer. Any exploita-
tion outside of the project, or after the 
end of the project would need to be sub-
ject to a suitable licensing deal with the 
parties who own the IP. 

Project partners expect to be offered 
first refusal on taking up any licensed 
exploitation. It would not be unreason-
able for the collaboration agreement to 
allow another partner to take ownership 

The ULTRAFAST project
Fianium Ltd

As a manufacturer of picosecond fibre 
lasers, Fianium has a significant R&D 
budget. To produce new and innovative 
products we have to work with leading 
academic groups in fibres and optics, 
while to expand the market for our 
products we have to work with partners 
capable of applications development. 
These activities increase the R&D 
funding burden and the DTI funded 
ULTRAFAST project made it possible to 
make substantial progress in these two 
areas.

John Clowes, Technical Director

Machining of carbon fibre composite
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of foreground IP and attempt to exploit 
it if the inventive partner decides not to 
exploit it.

Universities should be equal partners in 
this process. The Lambert review con-
ducted in 2003 laid out guidelines for 
assignment of IP in industrial – academic 
collaborative work. Essentially it said if 
a company paid the full economic costs 
of research conducted at a University 
it should receive the resulting IP. Where 
the work was fully funded by public 
funds received by the University, with 
the company paying nothing then the 
University should own any resultant IP. In 
a multi-partner collaborative R&D project 
where the University’s costs are paid for 
by public money it would seem reason-
able for it to own any foreground IP it is 
responsible for generating, and the same 
should be true for all the other partners.

Project monitoring
Project monitoring creates work for the 
partners, and especially for the project 
lead partner. Quarterly meetings have to 
be held and all partners in the project 
are expected to attend even if they have 
not made a contribution in that quarter 
(planned or otherwise). It is expected 
that all partners will also host the meet-
ing at least once in the project. 

As well as preparing for the meeting, 
each partner has to complete a formal 
quarterly monitoring report and submit it 
to the lead partner, together with a claim 
form. The lead partner has to collate all 
these documents and create an overall 
monitoring report and consolidated claim 
to submit to the project monitor. 

The TSB appoint project monitors to 
oversee that the money they give is 
being well spent and the project moves 
towards producing the results anticipat-
ed in the project proposal. This is done 
through the quarterly project monitoring 
and claims procedure. 

Project monitors are not employees of the 
TSB and tend to be drawn from industrial 
consultants (often with backgrounds in 
large companies) and some academics 
(with a record of industrial collaborative 
research) with expertise closely related 
to the projects they monitor. They have 
signed up as part of their contract with 
the TSB to non-disclosure agreements 
regarding their project monitors role. 

The ethos of the TSB is to facilitate R&D, 
not obstruct it, and project manage-
ment is done in a light touch fashion. 

The project monitors become important 
and additional partners, often more an 
advisor to the project and a recorder of 
progress. Project monitors also bring 
their own technical knowledge and net-
work of contacts, and can be an excel-
lent resource. This potential contribution 
is often overlooked.

How to apply
Application is by electronic submis-
sion of a Word document incorporating 
several questions. The first question on 
the form is a gateway question i.e. the 
answer to it is assessed first, and if it 
is deemed not to show good alignment 
with the call then the assessment goes 
no further and the application is rejected.

Documents describing the scope of 
a call, identifying key issues to be 
addressed and sometimes indicating 
what the gateway question will concen-
trate on. Files for downloading are avail-
able from the TSB website [2]. So for the 
High Value Manufacturing call shortly to 
be opened, the answer to the Gateway 
question must show the assessor what 
the 25% to 50% improvement in key 
metric will be. If it doesn’t, the applica-
tion stops there.

The application involves the completion 
of a rigidly formatted Word document 
and Excel spreadsheet documents: the 
rigid format ensures that answers are 
brief - there is no room for waffle. To 
access these you have to register on 
the TSB Extranet website, which can be 
assessed via the normal TSB website. 
After completion the documents have 
to be submitted electronically. This site 
can, at times, be difficult to navigate, 
so never leave it to last minute before 
attempting to use it. 

What the TSB are looking for
Fundamentally, the TSB will be looking 
to see that the project is industry driven 
and has industry commitment. The TSB 
will also be considering their return on 
investment. The simplest return for gov-
ernment money would be the taxes lev-
ied on sales of the products developed 
as a result of the R&D. Thus they will 
seek to confirm that the parties in the 
project are able and willing to exploit the 
results commercially.

They will also look for dissemination 
of the work. Obviously any Intellectual 
Property( IP) generated would need pro-
tecting to ensure satisfactory exploita-
tion of the project outcomes, but once 
that is taken care of they would want 

to see the consortium telling the world 
what they have achieved and placing 
as much of the knowledge in the public 
domain as is practical.

And finally they would want the projects 
to assist in dealing with any societal / 
environmental / health issues for the 
public good. Project calls are often made 
that can support R&D in these areas 
– green energy, recycling, land remedia-
tion, regenerative medicine, the aging 
population etc.

Expressions of interest
The application for funding is a two 
stage process. Firstly an Expression of 
Interest (EoI) form has to be submitted. 
This form allows the TSB assessors to 
identify the applications that are likely 
to meet their requirements for funding. 
At the EoI stage, it is not necessary to 
be explicit about partners and budgets 
but it is good to know what partners are 
on board for the collaboration, and what 
their project expenditure will be, and the 
amount of grant they seek.

The TSB holds briefing events in the 
period leading up to calls and during 
the EoI period. These events are a good 
place to meet other companies. But as 
well as the networking opportunity, they 
provide valuable briefing advice on com-
pletion of the forms. 

The DL-POP project
Attiger Ltd

In a two year project we were able to 
demonstrate the ability of low power 
lasers to activate and deposit ceramic 
coatings by activating the Sol-Gel 
chemical process. A patent was filed 
and we continue to work with all part-
ners in exploiting this new technology. 
Without the DTI grant we would have 
only been able to pursue this concept 
very slowly and may have failed to 
reach this technological lead 

Graham Downhill, Managing Director

Laser activated TiO2 coating

RESEARCH REVIEW

44



The Laser User      Issue 53, Winter 2008

It is normally possible to submit an EoI 
early and obtain some feedback on it 
from the TSB. This is worth doing if the 
EoI is suitably advanced. The submis-
sion deadline is a firm electronic dead-
line. And servers can get very busy in 
the hour or so leading up to a deadline, 
so the advice is to submit something as 
soon as possible, then continue submit-
ting as your application grows, and is 
edited and refined. Each submission 
overwrites the previous document. If 
something goes wrong near the deadline 
at least there will be something that has 
been submitted.

Having submitted an EoI it is tempting 
to wait for the invitation to proceed to 
full bid, or to be told that you have not 
been successful. However, this period 
is a good time to reinforce the consor-
tium message and clarify what will be 
required if a full bid is invited.

Completing the full application
I you are successful you then have a lot 
of work to do in around 6 weeks in total. 

There are two important points ot bear in 
mind.  Firstly, the proposal is not simply 
a technical case. The TSB will not fund 
research for research sake. To be suc-
cessful you have to be able to explain 
the business, market and management 
issues. Secondly singing the praises of 
your company are not going to get you 
the grant. The TSB want to assess the 
potential for the consortium to deliver 
successful R&D that will have a measur-
able impact on the consortium’s busi-
ness performance. You have to convince 
the assessors of this. Simply copying 
and pasting your sales literature will not 
work!

As well as revisiting the gateway and 
assessment questions you will now have 
to provide far more details on a project 
plan, who does what and when. Typically 
this is done with up to twelve A4 pages 
of additional information and a further 
half page per partner. At least one of the 
consortium will also have to attend a 
compulsory TSB briefing meeting.

The real issue to be dealt with is the 
finances. The financial profile has to be 
finally agreed, and a financial document 
has to be completed by each partner. 
This is normally a multiple-sheet Excel 
workbook on which you have to identify 
your project expenditure including sup-
porting information. Salary costs have 
to related to number of staff, salaries 
and effort on the project. Other revenue 

expenditure has to be justified. Capital 
expenditure has to be justified and the 
depreciation policy given. The overhead 
rate has to be given and justified (a cal-
culator page is available in the spread-
sheet). Some companies seem to be 
able to do these without any problems 
and return them within a few days (even 
hours!). But some companies just go into 
nervous breakdown. This is when you 
finally see which companies are really 
“in” the project and those for whom it 
just seemed to be “a good idea”

If you are the lead partner responsible 
for submission you cannot start on these 
forms too early. You need them back 
days before the deadline. If you have 
academic partners, they will need to go 
through internal approval and submis-
sion to the Research Councils days 
before the TSB deadline, and if you are 
still awaiting financial details from other 
partners it can make it difficult for the 
academic partner to submit their own 
financial forms.

When all the forms are completed, the 
spread sheets obtained from the com-
panies and the 12+ pages of annexes 
drafted then you can submit. 

In a few weeks you will find out if you are 
successful. Then the work of organising 
the collaboration agreement, 2nd level 
plans, first monitoring meeting all begin. 

And then you can start undertaking 
the R&D project. It is then that you can 
hopefully reap the benefits, not only of 
the TSB grant funding itself, but also of 
a lot of the work and effort in applying 
and setting up the project. Effort put into 
agreeing the collaboration agreement will 
prevent partners falling out. The planning 
and financial preparations will ensure 
that partners perform tasks as and when 
they fall due, and are able to claim back 
their grant in a prompt manner. Most 
importantly, success in the project will 
bring future sound business to your 
enterprise.

Further reading
[1] Collaborative Research and 

Development Projects, Tom Harris, 
Springer, 2007

[2] Technology Strategy Board web site: 
http:// www.innovateuk.org

A fuller version of this paper is available 
in the 'strategy' section of the resource 
library in the members area of the AILU 
site.

Technology Strategy Board Call 

High Value Manufacturing:  
step change in competitiveness 

This competition opens on 19/1/2009 
with expressions of interest due by 

26/2/2009.

The call wants to “invest in projects 
which, over the duration of the project, 
can bring about major changes – STEP 
CHANGES – in the competitiveness of 
the participating companies”……

In this context “Major changes" is 
taken to mean improvements in the 
range 25% – 50% relative to current 
performance in:

• overall manufacturing costs;
• whole life-cycle costs;
• whole life environmental impact;
• product performance, durability 

and reliability;
• sales volumes; and
• time to market.

Laser based materials process-
ing clearly has a lot of relevance to 
this call and AILU, through its role in 
the Photonics Knowledge Transfer 
Network and its newly-formed Product 
and Process Innovation (PPI) Special 
Interest Group, is in an excellent posi-
tion to help UK organisations find 
advice and partners. Projects can 
range from small, highly focused basic 
research aimed at establishing tech-
nical feasibility, through to applied 
research and experimental develop-
ment projects.

http://www.innovateuk.org/_assets/pdf/
competition-documents/highvalmanu-
facturing_competition_071008.pdf

Contact:
Martin Sharp  
Liverpool John Moores University  
Photonics in Engineering Research Group, 
General Engineering Research Institute 
James Parsons Building 
Byrom St, Liverpool  L3 3AF

T: +44 (0)151 231 2031

E: m.sharp@ljmu.ac.uk
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The 2008 annual meeting of IEC/TC76, 
the international committee that deals 
with optical radiation safety and laser 
equipment, was held in the Beijing 
Oriental Culture Hotel during the first 
week of November. All the active 
Working Groups (see below) were includ-
ed and the Chinese did a spendid job 
with the organisation of the meeting and 
went to great lengths to ensure that we 
were made welcome. November is an 
excellent time of year to visit Beijing with 
the weather being perfect for sightseeing 
as well as working. Here is a brief report 
of the major conclusions agreed.

WG1 – Optical radiation safety
The new 60825-1 standard 'Safety of 
Laser Products. Part 1: Equipment clas-
sification and requirements' issued in 
2007 includes three measurement condi-
tions for assessing the accessible emis-
sion of a laser product for classification 
purposes. Working Group 1 concluded 
that the measurement Condition 2 (for 
sources emitting highly divergent beams) 
can be removed, since Condition 3 (for 
viewing with the unaided eye) is always 
more restrictive. It was also agreed that 
in its next revision the structure of 60825-
1 will be revised to make the order of 
topics more logical: class determination 
first, (currently Clauses 8 and 9), then the 
engineering requirements based on class 
(currently Clauses 4 and 5). There was 
also a decision to make the standard 
simpler to understand by segregating 
the classification of simple sources from 
the more complicated sources. There 
was discussion of the problem that some 
Class 1 lasers may pose a skin hazard 
but no eye hazard; proposals are to 
be made how best to resolve this. The 
Working Group were advised that ICNIRP 
are planning changes to MPE values.  

WG3 – Laser radiation measurements
Explanatory figure 5 in IEC 60825-1, 
which shows the experimental setup for 
determining the accessible emission and 
angular subtense of an fibre delivered 
beam, has caused significant confu-
sion, and an interpretation sheet is to be 
issued until such time as the Condition 
2 measurement condition (see WG1 
above) is removed, which will make the 
figure redundant. 

WG4 – Medical laser equipment

Work continued on the update of IEC 
60601-2-57, the standard for Medical 
Electrical equipment specifically relat-
ing to safety for non-laser light sources 
(e.g. Intense Pulsed Light sources). A 
committee document for vote should be 
ready by March 2009. A user’s guide on 
the safe use of IPL equipment is to be 
developed.

WG5 - Safety of fibre optics  
communications systems
The telecoms industry is perhaps unique 
in that it uses relatively high power opti-
cal instruments to examine the condi-
tion of optical fibre cables. The use of 
magnifiers for the examination of fibre 
cables that may be emitting laser radia-
tion presents a potentially dangerous 
condition. Working Group 5 agreed 
to introduce, with some urgency, new 
test requirements. The latest revision 
of IEC 60825-2 (Safety of optical fibre 
communication systems) was updated 
in the light of collated comments. A 
significant number of comments relat-
ing to a Committee Draft for high power 
telecoms systems, proposed to be a 
standard (IEC 60825-17), were consid-
ered and agreed.

WG7 – High power lasers
Working Group 7 agreed to include 
Annex G relating to beam delivery sys-
tems into the current standard for laser 
guards (IEC 60825-4) with a view to the 
updated document being published in 
2010. It has come to light that some 
laser machine enclosure suppliers have 
been overstating the protective proper-
ties of their laser guards as a result of 
not making allowance for contamination 
of the guard surface by fume and other 
debris, which can increase the absorp-
tion of incident laser radiation. Revised 
test methods will address this situation 
and improve the quality of results.

WG8 – Development and maintenance 
of basic standards standard
IEC 60825-10 (Applications Guidance) is 
to be officially withdrawn. All of the infor-
mation contained within this document is 
contained in other standards (mainly IEC 
TR 60825-14 User’s guide).  A revised 
version of IEC 60825-5 (Manufacturer’s 
Checklist) is now in a working draft. 
Further drafts are likely to be coincident 
with the restructuring of Part 1 to give 

consistency of approach.  IEC TR 60825-
14 (User’s guide) is under review with a 
Committee Draft available early 2009. 
Perhaps the most significant event in this 
Working Group is that, after a decade 
of discussion, agreement was reached 
on a proposal to introduce alternative 
basic warning labels. These labels would 
conform to ISO 3684-2 and would allow 
the labels to be language free.  However, 
the number of labels this would apply to 
is limited; they will primarily be the clas-
sification based warning labels and not 
those labels that give additional complex 
instruction. Additional recommendations 
are to be made relating to emission indi-
cators for fibre lasers and remote inter-
lock connector requirements for hand-
held laser devices.

WG10 – Safety of lasers and laser 
equipment in an industrial materials 
processing environment
Working Group 10 resolved all the com-
ments following the circulation of ISO 
11553-3 which relates to the acoustic 
noise requirements for laser processing 
machines. This standard will now be cir-
culated within IEC and ISO for vote prior 
to general publication. Following the 
publication of Part 3, ISO 11553 parts 
1 and 2 will be revised to include the 
requirement for consideration of Part 3.

Mike Barrett is a senior consultant at Pro 
Laser, Abingdon UK

Contact: 
E: mikeb@prolaser.co.uk

IEC/TC76 annual meeting: Beijing 3 - 7 November 2008
Mike Barrett
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Recognition award for Mike
Mike Barrett has been 
awarded the prestigious 
IEC 1906 Award for his 
contribution to interna-
tional standards making. 

Created in 2004 by the 
IEC Executive Committee, 
the 1906 Award was established in 
commemoration of the IEC’s year of 
foundation and honours IEC technical 
experts around the world whose work 
is fundamental to the IEC. 

Mike attends the BSI Committee on 
laser safety EPL76 as AILU repre-
sentative and is convener of IEC/TC76 
Working Group 7 responsible for the 
work relating to Laser Guards. 

SAFETY
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The Advanced Manufacturing Research 
Centre (AMRC) with Boeing, Rolls-
Royce Factory of the Future was the 
perfect setting for the laser processing 
of polymer, metal and ceramic compos-
ites workshop. The day commenced 
with an overview by Neil Calder from 
Engineering Capabilities with a presenta-
tion aptly titled “Lasers and Composites 
- where two worlds collide” which set 
to scene for a very interesting day. Neil 
outlined the general growing market for 
composites and what processes were 
of significance in the process chain. 
Laser processes mentioned ranged from 
surface treatment, preparation, mate-
rial ablation and cleaning to cutting of 
uncured and trimming of cured material 
as well as drilling of composites. Neil 
raised the issues such as the differing 
material properties within composites 
and the possible need for post process-
ing after laser treatment 

Jagjit Sidhu from BAe Systems present-
ed work initially done with pulsed Xenon 
Chloride excimer lasers (308 nm) in car-
bon fibre composites. Excellent cuts in 
8mm material and work on high quality 
angled cuts were presented. Illustrations 
of 1mm diameter holes in 1mm thick 
composite trepanned using the excimer 
laser were also presented together with 
illustrations of larger holes, 7 and 16 mm 
diameters, in thicker material. All the 
holes and cuts had clean sides and little 
fibre damage. Jagjit finished by discuss-
ing the subtle differences between the 
processing using Q switched Nd:YAG 
(1.06 μm and frequency doubled 531 
nm) and 353 μm Xenon Fluoride laser 
and showing some excellent “slides” of 
two dimensional riblets in the surface of 
the carbon fibre and patterning with ran-
dom surface polarisation .

Potential use 
of lasers in the 
processing of metal-
lic composites was 
outlined by Stephen 
Kyle-Henney from 
TISICS. Continuous 
fibre reinforced 
titanium matrix 
composites (TMC) 
and specifically 
Silicon Carbide (SiC) 
fibre reinforced tita-
nium was discussed 
together with the 
potential need for 
laser marking, cutting 
and deposition in the 
manufacturing and 
repair process.

After a short networking coffee break, 
Paul French from John Moores 
University presented laser hole drilling 
and texturing (for joining) of compos-
ites, with interesting results from using 
a conventional JK704 Nd:YAG laser to 
percussion drill holes in carbon fibre 
composites using carbon dioxide as an 
assist gas and low gas pressures. Micro 
engineering of the composite surface 
was also presented using a Fianium 
picosecond laser and a FemtoPower 
1060-8-pp laser.

The Perform micro-perforation process, 
which is a ingenious process that uses a 
laser and a galvanometer scanning mir-
ror to drill a repeating pattern of holes 
in a single ply for targeted applications 
within the composite industry, was pre-
sented by Roger Ford from Integrated 
Materials Technology. A very interesting 
process and it will be interesting to see 
the expansion of this technology into 
other areas and applications: well worth 
scanning the presentation if you are 
interested in composite processing.

Cutting carbon fibre reinforced compos-
ites with a 1 kW single mode fibre laser 
was compared to cutting with a 355 nm 
diode pumped solid state (DPSS) laser 
by Lin Li of the University of Manchester. 
The affect of the assist gas and water 
assist on the cutting process showed 
interesting results. Drilling was also 
analysed. Finally Professor Li presented 
the finite element modelling work which 
compared the predicted modelled result 
to the results obtained experimentally 
for the heat affected zone and ablation 
depth – a useful tool for understanding 
the fundamentals of this process. 

For a practical application of this tech-
nology, Antony Dodworth from Bentley 
Motors gave a very informative pres-
entation about the latest developments 
within Bentley of laser cutting of uncured 
fibres at high speeds – a process that 
they are currently just optimising

Material addition by the EOS process 
was overviewed by Stuart Jackson. 
Applications of this technology and 
parts made by the process were shown. 
Intricate samples were handed round 
and details of the EOSINT M 270 were 
presented. This machine is installed in 
the AMRC and the door handles on these 
machines are made using the EOS direct 
laser sintering process itself – bringing a 
new dimension to the term in house man-
ufacture. Stuart also promoted the launch 
of the new model EOS P 800 – the first 
high temperature system for laser-sinter-
ing of high performance polymers.

Laser processing of polymer, metal and ceramic composites
3 December 2008, ATRC Sheffield

left to right: Roger Ford, Mo Naeem, Paul French, Jagjit Shidhu, Stephen 
Kyle-Henny, Janet Folkes, Antony Dodworth, Stuart Jackson, Peter Blatt, Neil 
Calder, Lin Li

Continued on p39
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Laser cut carbon composite tubes
Courtesy Engineered Capabilities

Composite parts that are difficult to form
Courtesy Integrated Materials Technologies
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Bond formation in laser and resist-
ance spot welding

Girish Kelkar and Neil Ball 
It is good for laser practitioners to be 
reminded that there are competitive tech-
niques in use and that sometimes they are 
better. I will, if I may, copy this article and 
sent it to every potential customer that 
wants to laser weld stainless to titanium.
Neil Main   Micrometrics Ltd

The article defines in a straightforward 
manner the essential differences between 
resistance and laser welding and the 3 
fundamental bonds of solder, solid state 
and fusion. Although (as the title implies) 
this is the basic model it is the authorita-
tive knowledge of the authors that make 
the subject matter concise and practical

In an environment where the use of proc-
ess capability control is all encompass-
ing, it is important to know the scope 
and limitations of each of the process 
parameters (especially when process 
capability can determined by CAD/CAM 
programs) so that the most automated 
method can (usually) be employed

The more forgiving resistance options 
seem to be giving way more and more to 
laser welding as assemblies are bonded 
in situ in otherwise inaccessible areas. 
For the bonding of materials with dis-
similar properties however (and there are 
more cases of this than ever), resistance 
welding in solid state is still the most 
practical option. 

Many companies now need to look seri-
ously at laser welding immersed in an Ar/
He shroud gas to eliminate or reduce the 
effect of surface oxidization not just for 
bond integrity but also for aesthetics. 

The authors have shown the have an 
great understanding of welding at the 
micro and macro levels and have man-
aged to convert that theoretical knowl-
edge into an excellent practical under-
standing of the subject.
John Shuker   TRS Engineering Ltd

An interesting subject particularly (as the 
authors mention) the two processes are 
often both suitable for the same appli-
cation. These comments are coming 
from the point of view of someone more 
familiar with laser welding practice than 
resistance spot welding.

I would add that laser keyhole welding is 
responsible for the deep penetration-high 
welding speed capability of the laser and 
that it aids a reduction in heat input com-
pared to conduction welding.

The limitation on standard laser welding 
imposed by the narrow focused spot size 
and consequent tight joint gap require-
ment could be mentioned, methods to 
address which include laser-arc hybrid 
and twin spot/beam walking.

With respect to shielding of laser welds, 
the use of a side (auxillary) gas jet to 
displace the metal plasma plume is not 
explictly mentioned althogh may be 
implied in the words " the shielding gas 
also sweeps away"....the use of purely 
co-axial shielding gas can allow plasma 
build up above the weld pool, excess gas 
flow rates from either coaxial or auxillary 
sources can induce weld bead defects.
Phil Swanson   Coventry University

Ultrafast laser patterning of OLEDs 
for solid-state lighting

Dimitris Karnakis 
The direct laser patterning and machin-
ing of display devices is a huge business 
and there have obviously been many 
important advances recently. This article 
highlights one of the new development 
areas where ultra-thin layers need to 
be processed with the different layers 
stacked on top of each other. 

The benefits of picosecond laser machin-
ing have been brought out nicely but I 
do feel that the comparison with nano-
second laser machining is maybe not as 
fulsome as it could be (but I appreciate 
that the scope of the article may have 
precluded this). However, some readers 
may get the impression that nanosecond 
lasers cannot be used for patterning ITO 
acceptably at all (in OLED and other dis-
play devices) and so I would like to add 
some more context to this discussion.

The examples shown in figure 1 of dam-
aged ITO anode layers (which were 
machined with a nanosecond 355 nm 
laser) are striking in how poor the 
machining quality is; I guess that very 
high energy densities have been used. 
The caption states that the removal of 
the ITO was with a non-optimised proc-
ess but being placed alongside figure 2 
(showing excellent quality, picosecond 
laser machined tracks, machined at very 
low energy densities) gives the impres-
sion that ps lasers may be the only way 
to go. This may well be true for thin 
stacks of particular polymer layers in 
OLED devices but is not the case for 
many ITO patterning tasks, even in OLED 
devices. 

As a comparison the picture below 
shows 15 micron wide tracks machined 

in thin ITO using an optimised 355 nm 
nanosecond laser process (done by 
LML), showing that cracking and dam-
age do not necessarily appear when 
using nanosecond laser ultra-fine pat-
terning. We have achieved this kind of 
result in ITO for both polymer and glass 
substrates using nanosecond excimer 
and solid-state lasers. The processing of 
OLED devices with nanosecond lasers is 
already being done and so it has to be 
kept in mind that the choice of laser will 
depend critically on a number of factors, 
the pulse length being just one of them.
Nadeem Rizvi 
Laser Micromachining Ltd

Additive manufacturing of small 
metallic components

Simon Sankaré and Didier Boisselier
The established relationships between 
track characteristics and process param-
eters for ‘macro’ deposition still hold 
at the ‘micro’ level described in this 
paper. Achieving high powder efficiency 
becomes progressively more difficult 
as the size of the melt pool decreases 
though, so, while not spectacular, an 
efficiency of 56% is quite impressive 
for parts of this scale. The tight powder 
focus shown in Figure 2 explains this effi-
ciency, but the design of the nozzle is not 
particularly unusual and offset distance 
(from the end of nozzle to melt pool) in 
use looks a very sensitive parameter.

Despite the introduction, it is not the sort 
of system that would normally be used 
for repair, but results show it can pro-
duce some good quality parts that would 
nevertheless require finishing for many 
applications. And whatever the part qual-
ity, I think describing laser direct metal 
deposition as having ‘perfect stability’ is 
going a bit too far. 

Andrew Pinkerton  
University of Manchester

15 micron wide tracks machined in thin ITO using 
an optimised 355nm nanosecond laser process 
Courtesy: LML

Short comments on papers in this issue
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This interesting paper reports on work 
done using a nozzle designed to focus 
the powder stream in the laser metal 
deposition process to create small fea-
tures with relatively high powder effi-
ciency. I assume the 200 W fibre laser 
used could build thinner walls than those 
reported, but I cannot draw much from 
the text in this regard because there is 
little reference to the spot size used. The 
nozzle does appear to have a reasonably 
tight focus, which will have processing 
benefits. The CAD/CAM software looks 
the part.

The field of laser deposition has great 
potential and does seem to be a hot 
topic at the moment. It is vital that all 
areas of the subject are addressed 
to improve the capability, quality, and 
consistency of the process, and the 
mechanical performance of the deposits 
created.

Rob Scudamore   TWI Yorkshire

The laser-assisted cold spray 
process

Andrew Cockburn et. al.
It is not every day that a new process 
is invented, but we have one here. The 
attractions of the cold spray process 
with its ability to clad without significant 
distortion, clad thin material and even 
to clad heat sensitive materials gave it 
a niche in the cladding market that was 
attractive for competition.  Its disad-
vantages were the speed of processing, 
the bond strength and limitation on the 
materials that could be economically 
clad. At a stroke these disadvantages 
have been solved and most of the 
advantages remain intact, only the gentle 
heating required by this new technique 
of laser-assisted cold spray might make 
some thermally sensitive pieces difficult.

Since this new technique is a non-
molten cladding process it seems that 
it opens the possibility of depositing 
almost anything. Metal matrix compos-
ites (MMC), impossible alloys of Al/Fe 
without a fear of brittle phases and the 
like. One might ask what the mechani-
cal properties of the deposits are. Do 
they rival the properties of hot isostatic 
pressings (HIP) articles? For medical 
applications this process should have a 
good future: fro example,  can it deposit 
hydroxyapatite in the correct crystal form 
for biocompatibility? Could a surface 
be made of a mixed metal feed such 
that it could be etched subsequently to 
give a porous coating suitable for bone 
growth? 

There are numerous possibilities for 
strongly bonded coatings that have not 
been molten.  It will be very interesting 
to see what the authors make of it in the 
future.
Bill Steen

This paper represents an excellent 
example of how laser technology can 
significantly modify an already existing 
process. The Cold Gas Spray proc-
ess, originally developed in Russia, was 
never going to be a commercial success 
due to the very high cost of helium gas 
as well as the very high capital cost of 
helium recycling. However, it has been 
shown in this paper that the use of a 
laser modifies the coatings produced in 
such a marked way that the less costly 
nitrogen can be used for the carrier gas.

One of the examples shown is the pro-
duction of titanium coatings, with a very 
low oxide content. Other metals such as 
stainless steel and aluminium are also 
mentioned as being suitable. However, 
it should be remembered that titanium 
has a very thin oxide on the powder 
used in the spray process and it is this 
that becomes included in the coating. 
High levels of oxide would certainly not 
be good for such coatings, as it would 
seriously weaken them. Other metals 
such as aluminium powders are known 
to have much thicker oxide layers  and it 
will be interesting to see how this work 
develops with such coatings, as these 
oxides will become incorporated in the 
deposits and will affect the deposit prop-
erties. We await with interest the results 
for these more “difficult” metals.

It will also be interesting to undertake 
extensive property studies on coatings 
produced by this method to see how 
they compare with competing coating 
technology such as plasma spraying 
before this process can be used as an 
industrial process.
Chris Bocking    
Centre for Rapid Design and Manufacture

Energy input from oxidation in 
laser-oxygen cutting of mild steel

John Powell et. al.
One of things that I have always enjoyed 
about AILU is the way that it combines 
the theoretical with the practical, so it is 
possible to understand the theoretical 
basis of the Techniques and Processes 
that you are applying. This article is an 
excellent example of this.

There are a number of key points made, 
the most important to me being the 

relationship between laser power, mate-
rial thickness, gas pressure and cutting 
speed for a successful process.

The comment about the affect of impu-
rities in the oxygen, and the potential 
affect of certain alloying elements in the 
steel, was very interesting. This led me 
to wonder what affect a zinc coating 
would have, and whether cutting pre-
painted steel would also affect the quali-
ty of the edge….. perhaps this is an area 
for someone to do some further work?

The discussion about whether the Steel 
is molten or boiling is also of interest. I 
was always told that the sign that you 
have the correct parameters when cut-
ting steel with oxygen as the assist gas 
is that all the cut material is present as 
a dust with no spatter – the article has 
outlined a possible explanation for this.

The point in the article about the pres-
ence of the oxidised layer on the cut 
edge being a problem when painting the 
part is very true; however, it also affects 
the quality of the welded joint when 
producing tailored blanks, and it causes 
issues with press tools if you are trimming 
the drawn shell before restrike or cam 
and pierce, or when laser cutting press 
tool blanks, as the broken off bits of the 
oxidised edge cause wear in the tool.

Because of this, not to mention the safe-
ty implications of using large volumes 
of oxygen in an enclosed space (if you 
are using it with a Nd-YAG laser as I did 
at Motor Panels in 1993 when trimming 
automotive body skin panels using a 
1kW Lumonics Nd-YAG Laser), consid-
eration of oxygen as an assist gas has 
to take account of the risks and post-
process requirements of the part – this is 
why nitrogen is so attractive as an assist 
gas, but a compromise could be the use 
of compressed air (or helium if cost is no 
object!).
Stephen Ainsworth    
SJ Ainsworth Consultancy Ltd

Large scale laser micro-structur-
ing of gravure print forms

Guido Hennig et. al. 
Guido Hennig and colleagues at 
Daetwyler describe one of the few 
examples of high-speed precision laser 
micromachining applied to macro-
sized industrial components. Routine 
high-speed laser micromachining of 
25-150µm cells with submicron place-
ment accuracies equivalent to roughly 
one part in 106-107 over several square 
metres of metallic gravure print rollers 
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represents a truly remarkable achieve-
ment. 

In their work full use has been made of 
many of the latest developments in high-
power pulsed lasers, beam delivery and 
conditioning technologies (Q-switched 
slab, ultrafast, high brightness cw and 
pulsed fibre lasers; individual pulse and 
modulation position synchronized trig-
gering; beam intensity and shaping con-
trol) bringing them together in a unique 
industrial application. Precision laser 
microstructured cells capable of being 
spatially shaped with tailored aspect 
ratios is enabling much higher resolution 
and more flexible printing to be achieved 
than is currently possible using more 
traditional etching and engraving tech-
niques. The demonstration that single 
pulse ablation of cells can improve the 
engraving speed by almost an order of 
magnitude relative to traditional electro-
mechanical methods is impressive.

The broad interactive mix of the capabil-
ity for technology adoption; an intimate 
knowledge of the end application; the 
ability to implement R&D programmes of 
process development in a complex area 
such as laser-material interactions; an 
awareness of emerging laser technolo-
gies coupled to the technical expertise 
necessary to exploit them in process tool 
development all interacting together in a 
single well-focused organization have no 
doubt been key factors in this remark-
able success story. As such it represents 
a classic example of a company having 
the foresight to develop and adopt laser 
technology in order to improve the per-
formance of its products and so obtain 
an edge over its competitors. Daetwyler 
and this R&D group in particular are to 
be congratulated on their remarkable 
achievement.
Malcolm Gower 
Nanophoton Technologies

I first heard about this work on laser 
machining of gravure print cylinders a 
few years ago and more recently at an 
AILU meeting in June. Having spent a 
lot of time working on high accuracy 
machining of flat panels, the move to 
cylinders sounds like a rather large jump; 
coupled to this I was generally work-
ing with a repeating pattern where this, 
by its very nature, requires a constantly 
changing one. The data handling alone 
would present a problem.

The breakthroughs in this area in recent 
years are being helped by a combination 
of improvements in computers and data 
flow, laser power levels and reliability, 
control systems and of course hard work 

by Hennig, Selbmann, Brüning et al.

The use of lasers in this application 
shows that they really are replacing 
existing methods, providing higher 
accuracy, faster speeds, and doubtless 
lower unit costs in the future. It will be 
interesting to hear the results of using 
next generation ultra short pulsed lasers, 
and what new possibilities are opened 
up by the laser's success in this highly 
demanding application.   

Neil Sykes 
MetaFAB Cardiff University 

Profile and microstructure control 
in direct deposition
Matt Gibson et. al.

The article presents some results on the 
use of holographic optics for control-
ling the temperature gradient within a 
melt pool during laser cladding. This 
should make the clad bead flatter lead-
ing to reduced overlap between adjacent 
tracks and better foundation for build up 
of layers. In addition, the more uniform 
temperature gradient across the melt 
pool should lead to better microstructure 
with smaller grains leading to improved 
material properties.  The experiments 
were performed with a CO2 laser, 
Coherent S48, with maximum output 
power of 1.2kW and preplaced, 0.5 mm 
thick, Inconel 625 powder to minimize 
the influence of powder – beam inter-
action. In one series of experiments a 
Gaussian laser beam was used and in 
another what the authors called “half-
pipe” intensity profile.  In further experi-
ments to show the effect of decreased 
thermal gradient on the microstructure 
the “half-pipe” profile was changed to 
“rugby-post” with dimensions of 2x2 
mm. A high speed camera was used to 
monitor the melt-pool during scanning.  

The results clearly show that changing 
the laser beam intensity profile affects 
the dynamics of the melt pool. The ther-
mal gradients present in the Gaussian 
beam distribution are the driving force 
in the mass transport mechanism. With 
the use of “half-pipe” profile this driving 
force was removed leading to low mass 
transport in the deposition formation.  
With the use of “rugby-posts” beam 
profile a more uniform bead profile with 
smaller grains was produced.  

These results are quite interesting and 
add to the body of knowledge on the 
effect of beam profile on the temperature 
distribution within the processed mate-
rial. Also, the application of holographic 
optics offers a range of possibilities for 

studying the melt pool dynamics as it 
can tailor the intensity profile and hence 
temperature profile across the clad layer. 
From the cladding point of view, the 
authors should explore the injected pow-
der method as this method dominates in 
industry. The issue, from the commercial 
point of view, is the cost vs benefit of 
using holographic optics. The case for 
this still needs to be made.
Milan Brandt    Industrial Research 
Institute Swinburne, Australia

Diffractive Optical Elements have 
great potential for use in Laser Metal 
Deposition for controlling both the 
geometry and microstructure of a depos-
it. The two immediate potential applica-
tions that come to mind are high power 
cladding of WC in a metal matrix (e.g. 
Hard Facing) and the repair of turbine 
engine components.

For Hard Facing applications, deposition 
rate is a key driver. Conventionally, this 
can be maximised by increasing laser 
power, increasing powder supplied to 
the melt pool, or by using a rectangu-
lar beam profile. Each of these options 
have significant short comings - risking 
excessive deposit penetration into the 
substrate, producing a more rounded 
deposit profile resulting in porosity 
between adjacent deposit tracks, or pre-
venting omni-directional deposition.

For turbine component repair, optimising 
the heat input will permit easier control 
of the deposit microstructure. This may 
be reducing the difficulty of achieving 
epitaxial grain growth when repairing 
the tips of cast directionally solidified or 
single crystal turbine blades. Or alterna-
tively, controlling the heat input to deliver 
an equiaxed deposit in an engine casing 
that has previously been heat treated, 
thus reducing the need for subsequent 
heat treatment and the opportunity for 
unsuitable metallurgical grain formation 
the casing substrate.

However, there are potential issues asso-
ciated with this optic before successful 
industrial application is realised. Firstly, 
how to determine what mirror pattern is 
required for each application - through 
experimental iteration or advanced com-
puter modelling? Then once in use in an 
industrial environment, what is the cost 
and accuracy of manufacture, what is 
the maximum laser power that can be 
applied to the mirror before degradation 
of the mirror surface occurs (how much 
and for how long), and how to mount, 
align, and clean the mirror.

Phil Carroll    LPW Technology ltd
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EVENT REVIEW

EVENTS
MARCH
22 ILSC (23 - 26) 

Reno, Nevada USA 
http://www.laserinstitute.org/con-
ferences/ilsc/ 
AILU members can register at 
LIA rates

25 MEDTEC (25-26) 
NEC, Birmingham

 http://www.mach2008.com/ 
See inside back cover.

26 AILU Workshop
 Applications in Laser 

Additive Manufacturing  
Airbus UK, Bristol (Filton)  
Contact AILU Office for  
current programme details.

MAY
26 AILU LMP 

Symposium (26 - 27)
 See inside back cover for  

preliminary details.

JUNE
9 SUBCON (9 - 11) 

NEC, Birmingham
 http://www.subconshow.co.uk/

14 LiM 2009 (14 - 19) 
International Congress Centre 
Munich

 http://www.lzh.de/lim2009-WLT

AUGUST
24 NOLAMP (24 -26) 

12th  Nordic Conference in 
Laser Processing of Materials  
Copenhagen

 http://www.nolamp12.dk

Subcon 2009 will give buyers the chance 
to source all types of subcontract manu-
facturing services from the UK’s biggest 
showcase of national and international 
suppliers.

Manufacturing services on offer cover 
everything from machined parts, elec-
tronic assemblies, castings, plastic 
mouldings and metal fabrications, 
through to full manufacturing services, 
design and build, and rapid prototyping. 
The reach of the exhibition is equally 
wide-ranging, with exhibitors coming 
from the UK, Europe, India, China, North 
America and South East Asia.

Subcon 2009 is supported by leading 
industry associations including AILU 
and, for the first time this year, the 
Society of British Aerospace Companies 
(SBAC) with its SC21 supply chains for 
the 21st Century initiative.

To find out more about exhibiting at or 
visiting Subcon 2009, and to register for 
your free ticket, visit the show website at 
www.subconshow.co.uk

For further press information please 
contact:  
Andy Sandford,  
Sticklebacks Communications Ltd 
T: 01737 270 648 
M: 07971 436 644 
E: andy@sticklebacks.com

LASYS 2010 moves to June
LASYS 2010 will take place in sum-
mer from 8 to 10 June 2010. Around 
200 exhibitors are again expected to 
attend the 2nd International Trade Fair 
for System Solutions in Laser Material 
Processing. Over a period of three days, 
they will present their innovations and 
further developments in the field of laser 
technology at the New Stuttgart Trade 
Fair Centre. The focal points of the trade 
fair will be laser applications, product 
solutions, laser production systems for 
micro-material/macro-material process-
ing and precision engineering, as well as 
related components. 

LASYS is the first trade fair for system 
solutions in laser material processing. 
It lived up to this claim during its pre-
miere in March 2008. The visitors came 
from more than 30 industries, their wide 
cross-section emphasising the impres-
sive range of uses of lasers. With regard 
to the size of the companies from which 
the visitors came, there was also an 
even mixture of small firms, medium-
sized companies and large enterprises. 

The Stuttgart Laser Technology Forum 
(SLT) has been extended from two to 
three days and will take place during 
LASYS 2010 and the 11th International 
Symposium on Laser Precision 
Microfabrication (LPM) will take place on 
7 June 2010, one day before the start of 
the exhibition.

Contact: Steve Lindsey 
E: steve@prime-events.co.uk

Trumpf believes that innovation fires 
enthusiasm and the response to the invi-
tation proved it. “Our aim was to inspire 
these young people,” explained Trumpf’s 
Steve Ingram. “What they saw was an 
eye opener for many of them.”

The students from Aylesbury were 
accompanied on the day by maths 
teacher, Dave Switzer, who was particu-
larly keen to show how competence in 
maths can lead to an exciting career in 
engineering. As a man who worked in the 
laser industry before becoming a teacher 
he is disappointed at how few students 
pursue maths, science or engineering to 

degree level. “I want to do what I can to 
halt the trend by showing my students 
the potential in manufacturing."  

Two of Trumpf’s own apprentices were 
amongst the Barnfield College Group. 
Trumpf worked very closely with the 
College on the appointment of its own 
apprentices. "Trumpf UK is the first 
sales subsidiary in the Trumpf Group 
to embrace apprenticeship training.  
We’re playing our part in investing in 
new blood that will have a major bear-
ing on the future of manufacturing.” said 
Trumpf MD Harmut Pannen 

At the end of the 2008 Open House 
event at Trumpf UK, the company 
invited sixth form students from 
Aylesbury Grammar School and a 
group of modern apprentices from 
Barnfield College to see its latest 
sheet metalworking  
technology.
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The production of the AILU magazine 
represents a significant part (about 
25%) of the total administrative effort 
of running the association, but I think 
it's worth it. There is not only the value 
of the end product to consider, there is 
also the value of the production activity, 
which is very much a joint effort. This 
is particularly true of the current issue, 
which began at the end of October with 
a plea for articles. The response from 
members was overwhelming! Against 
the prevailing mood of pessimism that 
has resulted from the worldwide failure 
of the banking system, the efforts of 
AILU members, freely given, is appreci-
ated more than ever before. 

There are two words of encouragement 
that I've picked up from recent discus-
sions with AILU members, which I'd like 
to share: one is that when the markets 
do start to pick up, it will be UK manu-
facturing rather than financial services 
that will be in the ascendency; the sec-
ond is that laser technology continues to 
surprise and delight, so if there is opti-
mism to be found anywhere it should be 
here in the laser community.

In this issue I hope you'll find much to 
surprise and delight. One theme of this 
issue is additive manufacturing, an area 
of rapid growth in which lasers have a 
major part to play. Another is participa-
tion in the government-funded High 
Value Manufacturing initiative, where you 
will find lots of guidance in this issue 
on if and how to join in. Whatever takes 
your interest, I hope that you will find in 
this issue, and in the issues throughout 
2009, much food to nourish your opti-
mism!

 

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

Techniques and  
opportunities in laser 

additive manufacturing 
Thursday 26 March

Airbus UK, Bristol (Filton)
The increasing current interest in the 
industrial uptake of laser additive manu-
facturing processes (cladding, sintering 
and rapid manufacturing) makes this 
biannual AILU workshop of particu-
lar interest to the laser community. Its 
scope includes both the laser-assisted 
additive processes, and related tech-
nologies including laser sources, materi-
als and CAD/CAM workpiece control. 
Applications include repair & refurbish-
ment, rapid prototyping and tooling, 
low-volume manufacturing, and tailored 
surfaces for improved wear/corrosion 
resistance.

Lunchtime clinic for 1 to 1 consultationsKnowledge Transfer Network 

Photonics

The UK’s Only Industry Exhibition 
for Medical Device Manufacturers 

Raw Materials, Manufacturing Technology and 
Outsourcing for the Medical Device Industry

Exhibition and Conference
25–26 March 2009

The NEC (National Exhibition Centre), Birmingham, UK

www.medtecukshow.com
Please use promo code AA when you register.

For more information or to register, please visit:

10
98

8_
U

K
_M

T0
9

Sponsored by: Co-located with:

AWAITING CONFIRMATION 
2-day International Laser 

Materials Processing Symposium
26 & 27 May 2009  

TWI Cambridge

The aim of the symposium, the first 
such event that AILU has undertaken, 
is to bring together the UK laser materi-
als processing community, including 
potential and existing industrial users, 
researchers and suppliers, to showcase 
UK laser materials processing activities, 
to enhance technology transfer from the 
research community to industry and to 
highlight the significant applied research 
that is being carried out in the UK and 
which may soon be utilised in industrial 
applications.

Speakers will all be invited and 
will include overseas presenters. 
Presentations will include industrial and 
academic research, and application-
specific themes.
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