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Award
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Sonicloth metal meshes designed and laser 
patterned at The Cloth Clinic (Honiton, Devon) 
by Janet Stoyel, winner of the 2011 AILU Award. 
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The principal objectives of AILU 
include:

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

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

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

 • To disseminate professional and 
other information to members.

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

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

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

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

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

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

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

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

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

The AILU objectives

Benefits of  
membership 

Helping you make the most of laser technology

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

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

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

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

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

+44 (0)1235 539595



Association
Janet Stoyel wins 2011 AILU Award
The winner 
of the 2011 
AILU Award 
to 'honour an 
individual who 
has made an 
outstanding 
contribution to 
the industrial 
use of lasers 
in the UK' has 
been awarded 
to Janet 
Stoyel for her 
contribution to 
the application 
of lasers to 
the discipline 
of Textiles, 
Art, Media and 
Design (AMD). In particular, Janet has 
pioneered the use of CW CO2 lasers to 
create environmentally responsible, eco-
logically viable methods of design and 
manufacture. Her techniques involve no 
dyes, chemicals, wet processes or stitch. 
She has created the world-renowned 
Laserlace collections of textiles and 
fashion accessories and was completely 
ahead of her time in this aspect of envi-
ronmentally friendly creation.

In what was a male dominated arena 
Janet has had to fight against a prevail-
ing negative view of laser modified tex-
tiles to establish a professional reputation 
in her use of lasers. Laser technology 
now flourishes in the world of textiles, 
especially in the area of Technical 
Textiles; and in recognition of her pio-
neering use of lasers in these areas and 
for the encouragement she has given to 
the integration of lasers into AMD depart-
ments in UK educational establishments, 
she is affectionately known as the 'Laser 
Queen' in many UK textile and AMD edu-
cational establishments.

Recently, during a 6 year period, Janet 
enjoyed a part-time Senior Research 
Fellowship at the University of West of 
England. During this time she established 
a laser department on the Bower Ashton 
Campus that now performs as a spin 
out facility, servicing students, staff, local 
business, visiting artists and creating 
workshops and training sessions – a true 
model of excellence.

Janet was awarded an MBE in the 
Queen’s 2010 Honours List as a leading 
light for the advancement of women in 
textiles, photonics, and AMD.
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A second prize winner from Heriot-Watt

The 2011 winner of AILU's Young UK 
Engineer's Prize is Norbert Lorenz, a 
graduate of the University of Applied 
Science in Emden (Germany) who is 
studying within the Applied Optics 
and Photonics Group at Heriot-Watt 
University towards a PhD on the theme 
of “Laser-based Packaging of Micro-
devices”. 

Norbert has been developing a laser-
based process for hermetic packaging 
of new laser-based MEMS and other 
micro-devices in a joint project between 
GE Aviation Systems of Newmarket and 
Heriot-Watt University. Packaging is 
important to protect these highly sensi-
tive, fragile devices from harsh external 
environments whilst at the same time 
maintaining some connection with the 
external environment. 

Conventional (i.e. non-laser) hermetic 
packaging processes heat the entire 
unit, and so limit the materials that can 
be encloses (e.g. polymers or magnetic 
materials are unsuitable with high levels 
of heating) and also generate problems 
in multi-step bonding processes where 
several bonding cycles are carried out 

Researcher Associate in Laser Processing 
The Manufacturing Engineering Centre (MEC) at School 
of Engineering, Cardiff University is looking to recruit a 
Researcher Associate in the area of laser processing. 

The responsibilities associated with the post are focused 
on process development, implementation and utilisation 
of a wide range of laser machining (milling) systems with 
microsecond, nanosecond and picosecond laser sources. 
In this wide context, the job will involve designing and 
implementing process chains that combine the capabili-
ties of laser ablation technology with other micro and nano 
structuring methods and thus to address specific applica-
tions' requirements.  

In addition, the successful candidate will be required to 
manage and carry out short term contract research and 
manufacture projects; to liaise regularly with partner organi-
sations and users of the MEC laser processing facilities; to 
report R&D result in journal and conference papers, to look 
for new research projects/activities and collaborative ven-
tures with potential industry and research partners; and to 
be the first point of contact for internal and external users 
of the MEC laser processing services. 

The candidates for the post should have a degree in 
Mechanical Engineering, Manufacturing Engineering, 
Physics or Electronics Engineering. 

This is a Grade 6 post (£30-35K) for an initial period of 2 
years and it is funded by the FP7 EUMINAfab Infrastructure 
project (see euminafab.cf.ac.uk for project information). 

For further information contact:
Petko Petkov
School of Engineering, Cardiff University
1-5 The Parade, Cardiff CF24 3AA 
T: +44 (0)2920870018 
E: petkovpv@cardiff.ac.uk

Janet Stoyel wearing one of 
her hallmark laser cut scarves 
at an AILU Workshop in 2003. 
She is flanked by past AILU 
President Tim Holt and Leo 
Sexton of LaserAge in Ireland

in sequence; parts joined in an earlier 
heating step can disassemble in a later 
one. Norbert’s work has therefore been 
to develop a laser-based process where 
the laser is a highly controlled, localised 
heat source.  

Norbert designed and constructed suit-
able equipment to allow the laser-based 
process to be used in an inert gas or 
vacuum (since some devices require a 
vacuum inside). Management of the heat 
flow by appropriate design of heat sink-
ing was crucial in development of the 
process. Excellent results were achieved, 
with parts passing leak testing, tempera-
ture cycling, constant acceleration, and 
shear force testing.

GE Aviation Systems – Newmarket are 
looking to exploit the technology in the 
sealing of temperature sensitive devices, 
such as Microsystems, where it is neces-
sary sometimes for the devices to oper-
ate in vacuum. The laser sealing process 
could provide significant advantages 
over generalised heating techniques.

Norbert is the second winner from 
Heriot-Watt University, a reflection of the 
excellent collaborative projects that the 
university has established with industry.

The AILU Award and the Prize will be 
presented during ILAS 2011, on 15 
March just before the start of the AGM.
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Full details of all news items in the magazine, plus additional news items, can be found on the AILU web site

Business
Best EuroBLECH ever for Trumpf
Trumpf was the biggest exhibitor at 
Euroblech 2010 and sold nearly 200 
machine tools and laser systems during 
the show, with two thirds of the orders 
placed by customers from outside of 
Germany. EuroBLECH the biennial sheet 
metalworking technology show, took 
place in Hanover between October 26 
and 30, 2010 and Trumpf's results at the 
show were their best ever.  

"EuroBLECH 2010 clearly surpassed all 
expectations'" said Trumpf Managing 
Director Mathias Kammüller. "We believe 
that a stable upswing is forthcoming in 
the near future“, he added.

"Since the global financial crisis cus-
tomers have increasingly demanded 
a cost reduction in machine tools and 
laser systems and simultaneously an 
increase in part quality, and our product 
range is exactly aiming at this" said Dr. 
Kammüller. 

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

world’s most powerful sheet metal soft-
ware – Radan 2011 R1. Included in the 
upgrade are enhancements to its nest 
engine to ensure maximized sheet utili-
zation and productivity. 

Contact: Trevor Glue 
E: TrevorGlue@planit.com 
W: www.planit.com

Electrox boasts strongest order book 
for over three years
Electrox's order book rose to near £2m 
in 2010, its highest level since the start of 
the economic downturn. The main driver 
is an ever increasing global requirement 
for the marking, identification and trace-
ability of components. Electrox has also 
seen a rising trend to replace rather than 
repairing laser machines, particularly in 
North America.  

600 Group recently underwent a major 
restructuring and Electrox is now more 
closely integrated, benefiting from 
the availability of increased in-house 
manufacturing, with workstation enclo-
sure design and manufacture being 
carried out by the Group at its main 
Heckmondwike, West Yorkshire, site.  

Electrox’s General Manager, Paul 
Mincher, said said that there has been a 
significant reduction in the capital cost 
of laser machines over the last 10 years, 
many of which have reduced in price by 
almost 70%. “Electrox has significantly 
improved its efficiency and customer 
service," he said, adding that Electrox 
were better placed than ever to deliver 
on their growing order book. 

Contact: Paul Mincer 
E:  paul.mincer@electrox.com 
W: www.electrox.com

High Q Laser partner with Swisstec
In future the cutting systems offered by 
Swisstec will be equipped with High Q 
femtosecond laser sources. 

Swisstec is a manufacturer of laser 
micro-machining systems and the big 
advantage of using a femtosecond laser 
for machining is its ability to 'cold cut', 
without any melting or burr formation 
at the cut edges, reducing the need for 
additional treatments of stents.

Contact: Eduard Fassbind 
E: sales@swisstecag.com 
W: http://www.swisstecag.com

New developments at Radan
Expanding UK operations
Radan, a provider of powerful sheet 
metal software, has recruited a further 
four staff in the UK office to meet grow-
ing demand. This strengthening of the 
team came after CIMdata’s comprehen-
sive global report on the industry placed 
the Planit group (of which Radan is part) 
top for market share on the basis of 
industrial seats installed in 2009, and in 
second place for industrial seats shipped 
and was forecast to retain both spots in 
2010.

Radan to show new features at Fabtech
Visitors to Fabtech will be amongst 
the first to see the latest release of the 

Sources
Lase:  Datalogic Automation’s new 
laser platform projected to the future
V-LASE
In order to respond to the high demand-
ing industrial laser market requirements 
Datalogic Automation has developed the 
“Lase” platform. Named the 'V-Lase', it 
provides:

• Auto-diagnostic, self testing proce-
dure, and diagnostic remote control;

• Safety and power control - it has a 
the mechanical shutter and power 
meter on board

• Constant source monitoring - all key 
laser parameters are monitored to 
confirm maximum source stability 
and efficiency.

GREEN-LASE
The Green family of Datalogic 
Automation's Diode Pumped Solid-
State laser sources are enhanced when 
operated from the Laser platform. 

Obituary
Joe Attuoni 

A tribute to our colleague and friend

On 6 December 2010 we lost a valuable colleague and friend, Joe.

Joe was born on 2 June 1958 in Haslingden of Italian parents. 
Though born in the UK, Joe was proud to be Italian. He spent his 
first 15 years in the UK and then moved to Italy, where he com-
pleted his studies. 

He joined PRIMA INDUSTRIE in 1985 and worked in the Applications Department, 
where he acquired a deep technical knowledge of our products. Thanks to his lan-
guage skills and his natural inclination for human relationships and negotiations, he 
was appointed Sales Manager and successfully held this position until 1989.

At the beginning of the 90’s he left the company to gain new working experiences, 
but ten years later he rejoined PRIMA INDUSTRIE  and continued his activities in the 
commercial area. In 2003 the company asked Joe to lead the PRIMA UK branch in 
Coventry, so he moved back to his native country with his family.

Thanks to his commitment and skills, the UK branch has grown up, acquiring impor-
tant market shares and allowing the PRIMA brand to achieve greater visibility and 
recognition.

We will always remember Joe as an open, generous and loyal colleague, able to 
combine his “Latin” passion with his “British” pragmatism. 

Joe, we all miss you.

Your colleagues in PRIMA Group 
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The JK300FL-AC : 300W CW Power, totally Air Cooled.

Freedom from water chillers for your welding and cutting applications.
Ideal for clean room installations and needing only a single phase 
utility supply, it offers:

» In-built back reflection protection.

» GSI designed processing tools to optimise the benefit of single 
mode beam quality.

» User customisable machine control interface and high functionality 
GUI control software.

» Highly reliable and stable single resonator.

Proven laser products and 
outstanding support - 
a great fit to your 
manufacturing requirements.

For more information, visit www.gsiglasers.com or call the dedicated 
Support Line on +44 (0) 1788 517800

A great fit 

JK Lasers,
Enabling Your Technology

Welding Cutting Drilling

JK  
Lasers

TM

TM

A New Fiber Laser

We all know how impor-
tant it is to be eco-friend-
ly, which is why more 
of us are taking action 
and opting for electric 
vehicles. These cars are 
powered by lithium ion 
batteries which are small-
er and lighter than tradi-
tional vehicle batteries. 
However, electric vehicle 
batteries (EVBs) are con-
structed from a combina-
tion of materials, posing a 
particular challenge when 
welding.

Fortunately, tests con-
ducted by JK™ Lasers 
have proven that their 
portfolio of fibre lasers 
are capable of welding together the alu-
minium and copper found within these 
components.

The trials, conducted using a single 
mode JK™ fibre laser, demonstrated that 
the laser’s high beam quality and bright-
ness, can achieve consistent, defect free 
joints at higher speeds – features which 
are crucial for most battery manufactur-
ers. The laser’s small spot size also pro-

duced narrow welds, which minimised 
the formation of brittle intermetallics.

In addition to the physical properties that 
the results show a fiber laser can attain, 
the compact footprint and low power 
consumption of these lasers ensure that 
the manufacturing process is just as 
economical as the resulting vehicle.

Contact: Mark Greenwood 
E: mgreenwood@gsig.com 
W: www.gsiglasers.com

An economical solution for electric car manufacturing

Negative terminal
Positive terminal

Cathode

Anode

CanThe air-cooling source operating in a 
Q-Switched single-transverse mode 
(TEM00) provides:

• High pulse-to-pulse energy stability;
• Spatial resolution;
• Temperature control of the SHG 

crystal on board;

The laser is based on the mechani-
cal -optical architecture of Second 
Harmonic Generation (SHG) intracavity 
technology.  Green-Lase can be easily 
integrated in a production line for the 
automotive industries as well as particu-
lar applications like solar cell scribing, 
LCD Scribing and Semiconductor wafer 
dicing.

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

GREEN LASER (continued)
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The Flair-13 is an air-cooled diode-
pumped solid-state (DPSS) laser based 
on Midaz' unique micro-slab ampli-
fier technology. It offers unparalleled 
performance as a flexible pulsed laser 
source or operation in CW mode.

Performance includes:
• Shortest pulses (~8ns) and high 

peak power for improved material 
interaction;

• Highest DPSS pulse rates in the 
industry (> 500 kHz) for higher 
processing speeds;

• Compact laser head for ease of 
integration;

• Advanced thermal management 
systems for reliable air cooling;

• Robust mechanical design with 
multiple mounting options;

• High spatial beam quality (TEM00).

Midaz technology incorporated into the 
Flair laser offers industry-leading high 
pulse rates and operation in pulsed for-
mats unavailable to fibre laser technol-
ogy. The high spatial quality and highly 
polarised output beam is also highly 
favourable for efficient nonlinear opti-
cal conversion, if desired (e.g. harmonic 
conversion to green, UV, deep UV).

The Midaz FLAIR allows customers to 
improve commercial or scientific appli-
cations. These include:

• Laser marking
• Precision laser micromachining
• Solar (PV) cells
• Scientific applications

Available as an OEM laser head, the 
FLAIR-13 can be also supplied with a 
compatible electronic control module.

Midaz Amplifier (A50-A) Air-Cooled
The air-cooled Midaz DPSS amplifier 
module (A50-A) offers unparalleled per-
formance for amplification of a range of 
CW and pulsed seed lasers. Features 
include:

• Highest gain DPSS amplifier (~104);
• High average powers (up to >30 W);
• High peak power capability for 

pulse amplification;
• Maintenance of high spatial beam 

quality (TEM00);
• Highly polarised output beam 

(>100:1);
• Compact footprint;
• Robust mechanical design.

Midaz A50-A amplifier offers ultra-high 
gain. As a result, even low (<0.1 W) or 
mid-power (~1-10 W) seed lasers can 
be amplified to tens of Watts in a single 
amplifier stage. Its high peak power 
handling capability allows operation 
in pulsed formats unavailable to fibre 
amplifier technology. The high spatial 
quality and highly polarised output 
beam is also highly favourable for effi-
cient nonlinear optical conversion. 

Midaz Amplifier (A70-W) Water-Cooled
The water-cooled Midaz amplifier mod-
ule (A70-W) offers the same features as 
the air-cooled A50 but with amplified 
powers up to >45 W

Applications include:
• Amplification of CW, pulsed, mod-

elocked, & single longitudinal mode 
laser sources;

• Amplification of Nd:YVO4, Nd:YAG, 
diode and Yb fibre seed lasers;

• Scientific applications e.g. replace-
ment for regenerative amplifiers.

Contact: Dennis Camilleri 
E: sales@midaz.co.uk 
W: www.midaz.co.uk

Optics
LBP mirror return and repair service
Laser Beam Products (LBP), the UK’s 
largest manufacturer of infra red mirrors, 
has seen a big upswing in orders for its 
laser mirror return and repair service. 
‘Our good as new mirror reworking serv-
ice is unique in the market and is prov-
ing to be increasingly popular. We offer 
customers a real alternative to buying 
new - they can cut costs by repairing 
their existing mirrors, whilst maintaining 
quality and productivity,’ explains MD 
Mark Wilkinson. 

LBP take a customers’ Copper or Silicon 
mirrors that may be old or lightly dam-
aged, assess them free of charge to see 
if repairs are possible, repair the mir-
rors to a condition that is as good as 
new. This service is particularly effective 
for customers with water-cooled, large 
or unusual shaped mirrors and allows 
customers to re-use their own valuable 
materials such as Copper and Silicon. 
This kind of recycling can contribute 
towards ISO14000 certification as well 
as saving on costs. 

LBP have received orders from a wide 
range of customers including University 
research departments, automotive manu-
facturers, laser welders and laser manu-
facturers and enquiries are increasing.

Recently, one customer saved $15,000 
by reworking their used mirrors instead 
of buying new. A large European auto-
motive manufacturer sent LBP a collec-
tion of used mirrors that had been dam-
aged with burns or scratches. The large, 
water cooled beam delivery mirrors were 
repolished and recoated in less than 
three weeks, and returned to the cus-
tomer as good as new. The customer 
was delighted and has since placed sev-
eral more orders for mirror repairs.

Mark is also keen to stress that LBP will 
only repair and return the customers’ 
own mirrors. ‘We are not in the business 
of taking old/used mirrors and repairing 
them to sell on…this is a specialised 
service to enable customers to save val-
uable time, cost and materials by repair-
ing and reworking their own mirrors.’

Contact: Mark Wilkinson 
E: sales@lbp.co.uk 
W: www.lbp.co.uk

Midaz release air-cooled DPSS lasers and amplifiers for marking and machining

Before                    After

Amplified CW output from the A70-W using a 
range of seed powers
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Pro-Lite Introduces the next 
generation of optical bread-
board
Pro-Lite has teamed up 
with German specialists 
CarbonVision to bring their 
advanced carbon fibre bread-
boards to market. 

Since time immemorial, steel 
breadboards have been the 
only option for those who 
require a stable platform for 
building an optical system on. However, 
structures made from carbon fibre rein-
forced plastic (CFRP) have been used in 
the aerospace and space industries for 
many years due to their low weight, high 
strength, excellent thermal stability and 
low resonant frequencies. 

Pro-Lite now brings this advanced 
technology to the world of photonics 
with carbon fibre breadboards from 
CarbonVision. Four grades of carbon 
fibre breadboard are offered, from the 
affordable EC-series to the SL-series 
that provides superior damping charac-
teristics. 

II-VI nozzles and accessories  
catalogue
Many UK laser users source laser noz-
zles and accessories for their lasers 
beam lines from the II-VI Nozzles and 
Accessories Catalogue. As new laser 
models and upgrades have increased, 
so has the number of components in the 
catalogue. As a result, II-VI now have 
product listings online at the address 
below.

Listings are by laser type and include 
basic engineering sketches to assist in 
part selection and identification.

Please note all original equipment manu-
facturer's names, drawings, colours, 
trademarks and part numbers used in 
these listings are for identification pur-
poses only. II-VI UK Ltd is in no way 
implying that any of its products are 
original equipment parts. All parts adver-
tised for sale in this catalog are made for 
and/or by II-VI Incorporated.

Contact: Gareth Rowles 
E: gareth@ii-vi.co.uk 
W: www.iiviinfrared.com/nozzles_accessories

Why carbon fibre? Compared with 
regular steel breadboards, carbon fibre 
breadboards typically weigh 75% less 
(size for size), exhibit 10% of the thermal 
expansion, possess damping coefficients 
that are up to 60% higher and provide 
a superior weight-to-stiffness ratio. Pro-
Lite offer standard CarbonVision bread-
boards in sizes from 300 x 300 mm up 
to 1200 x 2500 mm with custom sizes 
built  upon request. For full press release 
please see weblink below.

Contact: Robert Yeo 
E: info@pro-lite.uk.com 
W: www.pro-lite.co.uk/File/carbon_fibre_
breadboards.php
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Modern solid-state lasers with high 
beam outputs allow high welding 
speeds with narrow seam widths – and 
provide a high level of penetration at 
the same time. Fast welding with small 
beam diameters have associated small 
beam positioning tolerances, with a risk 
of defects due to lack of fusion. The 
positioning of the laser beam in combi-
nation with control of the effective seam 
position is therefore a prerequisite for a 
reliable welding process.

Precitec's YW52 
Welding Head, 
with its optical 
seam tracking 
and simultane-
ous control of the 
effective seam 
position, made its 
first appearance at 
EuroBlech 2010. 
All the functions of 
the KeyholeTracker 
are coaxially inte-
grated into the 
welding head. 
Using only one 
camera, it simulta-
neously measures 
and monitors the 
seam tracking and 
position of the vapour capillary (key-
hole) online, at the same time recognis-
ing each inadvertent change in beam 
positioning or TCP caused by a fibre 
or focusing lens change, for example, 
or by defective tracking of the weld-
ing head. The KeyholeTracker ensures 
that any deviation in the position of the 
laser weld is immediately detected; as a 
result, defects caused by lack of fusion 
remaining undetected is a thing of the 
past. The small gap between the meas-
uring and welding positions even allows 
the tracking of non-linear seam paths 
and this, together with its space-saving 
coaxial design, are important features 
for many applications.

The KeyholeTracker can be used for 
all laser welding applications involving 
seam tracking - and it is ideal for weld-
ing seams in gear wheels, printed circuit 
boards and pipes.

Based on the modular concept of the 
YW30 Welding Head, the YW52 is 
designed to operate with maximum 
aperture and minimum interfering con-
tour. It is suitable for use with fibre, 
disk and diode lasers in a high power 
segment. Its range of functions can be 

expanded to match the customer-specif-
ic requirements. All the well-known pre-
process, in-process and post-process 
monitoring modules by Precitec can be 
integrated for fully automated produc-
tion. For lower powers laser tasks the 
KeyholeTracker can also be integrated 
into the smaller YW30 welding head.

Another innovation presented at 
Euroblech was the WeldMaster 
Platform. In future, every Precitec laser 
beam welding measuring system will be 
connected via this platform to the one 
computer, allowing the user to correctly 
understand the function of each meas-
uring system at a glance. Stored image 
and data sequences can be parameter-
ised offline with the help of numerous 
help programmes. The WeldMaster sets 
new benchmarks in the evaluation and 
user operation of sensor-controlled laser 
processing procedures. 

Sensor-supported 2D laser cutting 
with solid-state lasers
Modern fibre 
lasers, equipped 
with high-qual-
ity beams that 
approach theoreti-
cal limits, enable 
ever-higher cutting 
speeds in the thin 
metal sheet sec-
tor. The Precitec 
HP SSL Cutting 
Head with inte-
grated, coordinated 
sensor technol-
ogy transform 
this potential into 
productivity, quality 
and safe reliability. 
In addition to the 
extremely fast, 
drift-free sensor 
system – which 
is also endowed with long-term stabil-
ity - a new, monitored protective window 
cartridge for recording contamination 
levels and providing a presence check is 
now available. It facilitates optimum tim-
ing of the replacement of the protective 
window. A piercing sensor reduces pre-
programmed waiting times at the begin-
ning of the cutting procedure, allowing 
the cutting process to start directly after 
piercing. The recording of process radia-
tion and a newly developed cut tear 
detection system ensure that every cut 
fulfils the stipulated quality requirements. 
Temperature monitoring in the area of 
the sensor insert and back reflection 

monitoring of the laser beam make 
the head fail-safe and robust and the 
replacement of lenses of different focal 
lengths is fast and easy thanks to pre-
adjustable cartridges. The exchangeable 
cartridge can also be equipped with 
a motor, obviating the need to set the 
focus position manually, and the pierc-
ing process is accelerated in the case of 
thick work surfaces. The HP SSL Cutting 
Head is ideal for use in flat bed systems 
and pipe-cutting machines with fibre-
coupled lasers of up to 6 kW power. 
The mechanical interface is identical for 
all HP1.5" cutting heads and this ena-
bles simple and standardised changing 
between CO2 lasers and fibre-coupled 
solid-state lasers. 

Fast 3D cutting of difficult work sur-
faces by robot
The SolidCutter System employs fast-
reacting distance sensors with an inte-
grated linear Z drive in a closed control 
loop to guarantee constantly high cut 
quality at high and variable speeds - 
even in the case of complex moulded 
components. The recently-conceived 
double chamber concept provides a 
hermetically sealed optical path without 
external purging air – the prerequisite 
for a long service life for optical com-
ponents, even in environmentally harsh 
conditions. Compressed air floods the 
drive chamber through an air filter, pre-
venting contamination of the external 
chamber. A slim design and easily-
accessed connections in the upper 
head area make integration with auto-
mated systems simple and economical.

This system is 
already being 
used by well-
known auto-
motive com-
panies, supply 
companies 
and job shops. 
Applications, 
include hole 
cutting in fin-
ished vehicle 
bodies and 
underbodies, 
in hot-formed 
steel and in 
hydro-formed 
profiles.

UK Contact: 
John Cocker 
E: johnc@laser-
trader.co.uk 
W: http://www.precitec.com/

New innovations from Precitec

YW52 Welding Head

Flatbed machines and 
pipe-cutting machines are 
equipped with the new HP 
SSL Cutting Head

The SolidCutter is used 
all over the world by car 
manufacturers, suppliers and 
job shops
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JK Lasers beamline developments
Motorised zoom BET

JK Lasers have introduced their 
Motorised Zoom Beam Expanding 
Telescope (ZBET), for use with the newly 
enhanced JK604D drilling laser.

The ZBET has been designed to rapidly 
and remotely change the laser’s beam 
size and focus position using its integrat-
ed LaserView software, is supplied with 
all of JK Laser Nd:YAG lasers.

Using the Zoom BET, the magnification 
of the laser can be continuously driven 
from 1 to 4X in less than 5 seconds. 
This can lead to a considerably reduced 
set-up time and can enhance in-process 
flexibility. This new product also has 
a very low beam wander, whilst main-
taining diffraction limited performance 
across its entire expansion range.

With optics that have been optimised for 
high peak power operation, the ZBET 
is the perfect addition to the newly 
enhanced JK604D industrial laser.

Mode converter fibre coupler

The Mode Converter Fibre Coupler 
(MCFC) provide further flexibility to users 
of with existing JK™ Laser products. 
The MCFC takes a Gaussian profile 
single mode input and couples it into 
a JK Luminator™ fibre, to allow JK 
Luminator™ process tools to be used 
with the full range of JK™ fibre lasers.

The output from the JK Luminator™ fibre 
has a ‘flat-top’ beam profile and a beam 
diameter of 100 - 600 µm depending on 
the configuration selected by the user. 
Use of the MCFC can bring real process-
ing advantages to welding applications 
where the Gaussian profile is not optimal. 
JK™ Lasers' Plug-In Pre- Aligned tech-
nology allows rapid changeovers, offer 
increased versatility to users of JK™ fibre 
lasers.

Contact: Mark Greenwood 
E: sales.laserdivision@gsig.com 
W: http://www.gsiglasers.com

The DAMIAN (Digital Access to Metric 
Images Archives Network) ultra-pre-
cision scanning system at the Royal 
Observatory of Belgium (ROB) fulfils a 
significant part of a global programme 
for the digitisation of astrometric plates 
and aerial photographic images that 
span over a century.  

One particular exacting project example 
at the ROB involves digitising thousands 
of photographic plates for the US Naval 
Observatory. Taken over a period of 
30 years several decades ago, using a 
26-inch refractor telescope, the pho-
tographs record the moons of Mars, 
Jupiter and Saturn. 

At the heart of the DAMIAN was a 
design specifications for a 350 mm x 
350 mm X-Y scanning motion system. 
The positional accuracy and repeatability 
targets needed to be an order above the 
inherent accuracy for the plates. This 
value was interpreted in the region of 
0.5 µm over the whole scanning area. To 
ensure the fastest possible throughput, 
the motion system required a full move 
displacement of 10 mm in less than 
half a second including acceleration, 
deceleration and settling time and once 

in position, the 
stability (jitter) 
requirement 
was just 20 nm. 
The machine 
specification 
also called for 
automatic load-
ing of the glass 
photographic plates and film rolls, with 
a working duty cycle close to 24/7 con-
tinuous and unattended operation - so 
high reliability, low maintenance and long 
working life were also critical factors. 

Aerotech was chosen to supply the 
complete motion sub-system based 
upon its ABL3600 series open-frame air 
bearing table in a custom engineered 
system solution that included a lapped 
granite base plate, a granite bridge with 
a vertical focussing axis for the camera 
and optical assembly, plus a photo-
graphic plate holder, plate storage tower 
and fully automatic transport system. 

Now delivered and fully commissioned, 
the DAMIAN digitiser is housed in a tem-
perature and humidity controlled clean 
room, maintained to within 0.1ºC and 
1%RH.

Aerotech has launched a new range of 
industrial grade positioning stages that 
feature direct-drive linear servo motors 
and ultra-smooth cross roller bearings in 
a hard top/side sealed protection design 
that offers outstanding levels of positional 
and geometric precision for harsh pro-
duction environments. The new ALS2200 
range is aimed at high precision/high 
throughput  manufacturing applications 
such as multi-axis laser micromachining 
which typically demands very tight veloc-
ity and in-position control combined with 
exceptionally smooth motion and micron 
level straightness and flatness. Free from 
recirculating bearing elements and with a 
high power cog-free linear servo motor, 
drive induced stage vibration is reduced 
to almost imperceptible levels resulting in 
outstanding velocity stability. 

With a nominal stage width of under 
204 mm, the range covers a choice of 
100 mm or 150 mm travel with direct 
load up to 30 kg, HALAR calibrated 
accuracy to ± 0.75 µm, a bi-directional 
repeatability of ± 0.2 µm, and speeds to 
500 mm/sec. Positioning resolution is up 
to 3 nm with zero backlash. 

New MotionPAC Programmable 
Automation Controller
The PC-based MotionPAC is a single 
development controller that combines 
an industry standard PLC engine with 
IEC61131-3 programming capabili-
ties Aerotech’s sophisticated multi-axis 
motion engine to provide best possible 
control of moving axes. It is very flexible 
and highly customisable and includes 
many programming options. Other use-
ful features include the ability to position 
axes whilst acquiring high speed digital 
and analogue data from the controllers 
inputs, recorded against encoder feed-
back and ultra-precise output triggering 
based on encoder position. 

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

New ALS2200 linear stages combine ultra-smooth 
precision motion in a production grade design

Component handling
Aerotech's engineered motion sub-system is selected for ultra-precision plate 
scanner at the Royal Observatory of Belgium

Other news from Aerotec
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Advanced Laser Control from Aerotech

Position Synchronised Output
• Aerotech’s Position Synchronised Output

(PSO) feature coordinates your motion
subsystem with laser firing to produce the
highest quality parts and minimise cycle
time

• Fully configurable to interface with lasers
equipped with externally synchronised
control, including CO2, YAG, and excimer
fiber lasers

• PSO functionality includes several easily
programmed operation modes and may
be applied to single, 2, or 3-axis
positioning systems

Dedicated to the Science of Motion

www.aerotech.com

AH100LTD3-PSO Laser

A e r o t e c h  W o r l d w i d e
United States  • Germany • Uni ted K ingdom • Japan • China

Aerotech Ltd, Jupiter House, Calleva Park, Aldermaston, Berkshire RG7 8NN - UK
Tel: +44 (0)118 940 9400 - Email: sales@aerotech.co.uk

Hermetic welding, micromachining, and ablation
require precise control and spacing of laser
pulses on the material being processed to
provide consistent quality. When using a fixed-
frequency laser, this is complicated by the need
for constant velocity, severely limiting processing
speeds when faced with complicated geometries.
Aerotech’s PSO solves this problem.

Contact an Aerotech Application Engineer
to discuss your requirements.

LaserTurn®5 high-speed
cylindrical laser cutting system 
uses PSO for micron level machining

Automation A3200 - up to 32 axes of 
coordinated motion control with I/O Vision,
PLC and advanced servo drives

Capabilities in Laser Processing
and Micromachining provides
comprehensive information on Aerotech’s
advanced high technology manufacturing
solutions 

Call for your copy today

AH1003ALTD_PSO_Laser_184 x 130:AH1003A-PSO 12/03/2010 09:01 Page 1

Software
Radan Cuts it for lawn mowers
Radan software, plays its part in keeping 
leading golf courses around the world, in 
perfect shape.  

Mower manufacturer Ransomes 
Jacobsen has been using Radan soft-
ware for over 25 years. Mowers have 
been built at the Ipswich plant since 
1832. Today Radan drives a Pullmax 
punch press, Messer plasma cutter and 
the Bystronic lasers that manufacture 
the parts for around 20 different types of 
municipal and golfing mowers are pro-
duced there, retailing from £2,500 up to 
£60,000.

“With everything coming off the same 
baseline and stored as a symbol in 
Radan, it’s so easy to change from one 
type of cutting technology and machine 
manufacturer to another,” says manufac-
turing engineer Brian Richardson. “I can 
switch from the laser to the plasma in a 
matter of seconds.”

“I used to hand program machine tools, 
and Radan is the only software I know 
that will allow me to cater for our indi-
vidual requirements that would otherwise 
need to be done by hand. Many of the 

components are particularly complex, 
and Radan handles them in its stride.”

Brian receives 3D models via an EDS 
Unigraphics design package. After 
the model is unfolded in Radan 3D, 
their other Radan modules prepare the 
advanced CNC programming for the 
punching, laser and plasma machines.

Once the decision is taken whether to 
cut by punching, laser or plasma, the 
part is saved on a network drive. PCs on 
the factory floor give operators immedi-
ate access to the part details with the 
relevant information to enable them to 
carry out the nesting, generate the CNC 
codes and manufacture the parts.”

Contact:  Trevor Glue 
E: TrevorGlue@planit.com 
W: www.planit.com

Safety
L8 polymer eyewear from Laser Physics
Sperian 
Protection has 
launched two 
polymer laser 
safety filters 
providing protection levels that were pre-
viously only possible with glass technol-
ogy. The eyewear achieves EN 207:2009 
protection levels such as D LB 6 + IRM 
LB 8 at 1064 and 532 nm. 

Previously, users requiring such high 
protection levels were obliged to use 
glass eyewear solutions. Polymer filters 
are significantly lighter than their glass 
counterparts and offer enhanced pos-
sibilities for design and comfort features. 
Sperian has employed its capability to 
harness these factors, creating polymer 
eyewear that can be worn all day long.

The Sperian XC encompass the entire 
eye whilst the soft elastomeric brow 
guard and flexible “nose bridge fingers” 
cushion every point of contact with the 
face.

UK Contact: Peter Bebbett 
E: peter@laserphysics.co.uk 
W: www.laserphysics.co.uk
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Processing machines
LVD's new energy reduction system
LVD now 
incorporates 
a new Energy 
Reduction 
System (ERS) 
into its VX 
punch presses 
and PPEC 
series press brake products, helping to 
tackle the issue of rising energy costs. 
ERS efficiently manages power con-
sumption throughout the operating day 
during machine operation, standby and 
idle times, reducing energy consumption 
by 15 - 30% over previous generation 
machines.

ERS is featured on LVD’s new Strippit 
VX-Series punch press and PPEC 
series press brakes, making these new 
machines some of the lowest energy 
consuming machines in their class.

User benefits include reduced energy 
costs, reduced carbon footprint and pos-
sible zone, national or local subsidies for 
electrical efficiency. 

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

TruTops real-time production monitor
TruTops Monitor, a Trumpf programme 
for production control, records and 
analyses machine data while clearly and 
continuously displaying machine status.  
This ensures the most cost-effective 
use of the machines and not just those 
carrying the Trumpf brand. The TruTops 
Monitor can make any disruption on the 
entire production line immediately visible 
so that appropriate action can be taken 
to minimise the problem.

The programme gathers machine data 
from all workstations – from downtime 
to alarms, error messages to causes of 
malfunctions, breaks and even main-
tenance time. It also allows different 
recording options to be customized.

The software can directly disclose all 
alarms and status signals, giving a truly 
in-depth and immediate analysis of 
information. The 10 most frequent error 
messages appear automatically on the 
screen and a filter system allows users 
to query many other issues and to dese-
lect others permanently. TruTops Monitor 
therefore provides a comprehensive 
database for process improvements. 

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

Rofin's 35 years of experience in laser 
material processing has been used to 
develop solutions for almost any laser 
application in solar cell manufacturing. 

At the 25th European Photovoltaic Solar 
Energy Exhibition (Valencia, Spain 6 -10 
September 2010) Rofin showed five 
examples from their comprehensive 
range of technologies, which cover thin 
film, c-Si technology, volume production 
and research. 

Leading laser range for edge deletion 
The 800 
Watt DQ x80 
Q-switched 
solid-state laser, 
with an average 
output power 
of 800 W at 
15 kHz is a top-selling laser for edge 
deletion of thin film cells. 

Wafer traceability marking 
Wafer laser 
marking in solar 
cell manufactur-
ing is the key 
to traceability 
and improved 
manufacturing 
processes. The 
new ECCI code 
is designed 
to address concerns that DataMatrix 
codes are prone to deterioration in 
solar cell manufacture. The ECCI code 
is highly resistant to the changes in 
contrast often found on inhomogenous 
surfaces such as polycrystalline solar 
cells. As long as something is visible 
decoding works - even in case of con-
trast inversions within the marking. 

Femtosecond laser with galvo
Rofin's StarFemto 
combines one of the 
first industrial-grade 
femtosecond lasers 
with an optimized 
galvo scanner head. 
This setup has all 
of the prerequisites 
for R&D applications 
using femtosecond laser technology in 
photovoltaics. 

Femtosecond lasers hold immense 
potential for a new level of precision 
and selectivity in applications such as 
thin film structuring and ablation of die-
lectric layers. Virtually any material can 
be machined by the same laser beam - 
laser wavelength becomes marginal. 

Most versatile lab system for photo-
voltaics
Rofin‘s 
PowerLine E 
25 SHG is one 
of the few laser 
sources which 
copes with 
almost all appli-
cations in c-Si 
manufacturing, 
making it ideally 
suited to proc-
ess evaluation. 

Combining the PowerLine E 25 SHG 
with a wafer fixture, an image process-
ing system and fine tuned, easy-to-use 
software, this setup provides R&D labs 
with the ability to easily evaluate new 
manufacturing methods for laser dop-
ing, SiN backside opening, laser drilling 
or laser edge isolation applications to 
name but a few. 

Perfect tool for mass production of 
enhanced solar cells 
Selective open-
ing of dielectric 
layers and 
direct laser 
doping cur-
rently generate 
a lot of interest 
in the crystal-
line solar cell 
manufacturing 
business. For 
both applications, the frequency-dou-
bled PowerLine L 100 SHG has already 
proven to be perfectly suited in vari-
ous research projects and production 
machines. 

The PowerLine L 100 SHG offers opti-
mum beam characteristics and suf-
ficient power to achieve short cycle 
times and is well suited to large scale 
production. Green lasers with 532 nm 
wavelength show the desired near-
surface absorption in silicon and can be 
equipped with a wide range of optical 
components and fibres. At the recent 
EUPVSEC event Rofin presented for 
the first time, it’s patent pending rec-
tangular spot size with a top-hat beam 
profile. Compared to round fibres, 
square fibres provide highest efficiency, 
machining a larger area per pulse and 
enabling consistent overlap of individual 
pulses.

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

Rofin demonstrate expertise in solar cell manufacturing

Same work-piece under 
different lighting conditions. 
ECCI is readable in all 
cases

Combiline Flexible is 
used for laser doping, 
SiN backside opening, 
laser drilling or laser edge 
isolation

300 x 600 μm rectangular 
spot with a top-hat beam 
profile
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New ULS multi-wavelength laser plat-
form available from ES Technology
As an author-
ised distributor 
for Universal 
Laser, 
Oxfordshire 
based ES 
Technology 
is pleased 
to announce the launch of the new 
PLS6MW Multi-Wavelength Laser 
Platform™. This latest addition to the 
range complements the already com-
prehensive portfolio of ULS laser cutting 
and engraving systems offered by ES 
Technology.

The new PLS6MW features a fibre 
laser for direct metal marking that can 
be interchanged with a CO2 laser for 
processing other materials such as 
wood and plastic – all within the same 
laser system.

The Multi-Wavelength Laser Platform™ 
model builds on Universal’s patented 
Rapid Reconfiguration™ technology 
which gives customers the ability to 
interchange laser sources without the 
need for realignment or special tools. 
The PLS6MW has a 813x457 mm 
processing area and supports a 30 W 
fibre laser source that can be inter-
changed with Universal’s CO2 lasers 
ranging from 10 to 75 W. 

The fibre laser source is ideal for cutting 
foil and marking a broad range of met-
als, including stainless steel, titanium, 
copper, brass, aluminium and carbide. It 
can also be used to mark some plastic 
types including Delrin and ABS.

The CO2 laser source is ideal for engrav-
ing and cutting operations – especially 
for wood, acrylic, glass, anodized alu-
minium, fabric and other organic materi-
als. In addition to the 10.6 micron wave-
length, Universal’s CO2 lasers are also 
available with a wavelength of 9.3 µm 
for PET marking and other applications.

ES Technology supplies the full range 
of Universal Laser Systems products 
within the UK and Ireland. The company 
also provides sub-contract laser cutting, 
engraving and marking services, after 
sales service and parts plus the design 
and manufacture of laser marking sys-
tems and is also the UK and Ireland dis-
tributor for Concept Laser GmbH. 

UK Contact: Robert Church 
E: r.church@estechnology.co.uk 
Web: www.estechnology.co.uk

With each generation of Trumpf flatbed 
laser machines there is a massive differ-
ence. The British agricultural equipment 
manufacturer Shelbourne Reynolds, 
provides a good example of a ‘then’ 
and ‘now’ comparison of today’s Trumpf 
TruLaser 3030 L20 with its forerunners 
in the TruLaser 3000 Series. 

The Shelbourne Stripper Header is a 
unique and innovative product and 
since 1999 it has featured stainless 
steel ‘Seed Saver’ stripping fingers.  
This was a significant technology break-
through as it allowed tougher thresh-
ing wheat and durum varieties to be 
stripped, a method that ensures only 
mature seed is harvested.

Until the arrival of its Trumpf TruLaser 
3030 L20 flat bed laser machine, 
Shelbourne Reynolds manufactured 
Seed Savers on its TC L2503 pur-
chased in the mid ‘90s. The new 
machine has produced a significant 
improvement in the product’s aesthetics 
and quality as well as reducing produc-
tion time and material wastage.

The company estimates it uses in the 
region of 35 tonnes of stainless steel 
per year to manufacture this product 

and the high 
cost of the 
material makes 
cut quality vital 
to the econom-
ics of the proc-
ess. The Seed Saver is 35 x 10 cm and 
comprises a set of teeth, similar to that 
of a comb. The components are nested 
for cutting so that the gaps between the 
teeth of one component form the teeth 
of the other.

Although a leading edge machine in the 
nineties, the TC L2503 has neither the 
process security nor the reliability that 
are characteristic of its successor. As a 
result Shelbourne Reynolds was scrap-
ping around 5% of its output due to 
problems with edge quality.

“The TruLaser 3030 L20 has enabled us 
to reduce wastage by more than 50%,” 
explained Richard Baldwin, Shelbourne 
Reynold’s Production Control Manager. 
“On material alone we are saving 
£4,500 per annum. The cut quality and 
the look of the product are also greatly 
improved and the cycle time for a nest-
ed batch of Seed Saver fingers is now 
40% less than on our Trumatic L2503.”  

Trumpf CO2 laser case studies

Latest laser makes better and cheaper parts

Accurate Laser recently opened its sec-
ond subcontract laser cutting company 
in the UK. The success of its quick 
turnaround, small batch manufacturing 
facility in the West Midlands has led to 
the replicating of this proven business 
model in Leeds. Growth is clearly antici-
pated and the investment in a TruLaser 
3030 is seen as an essential component 
to the future success of the business.

Accurate Laser’s Mike Briggs will head 
the operation and key to his commer-
cial optimism is the competitive edge 
that the TruLaser 3030 will provide. 
This is the company’s first Trumpf 
machine. “I have purchased six laser 
machines in the past ten years and 
all have served my business well,” 
explained Commercial Director Jon Till.  
“However, I could not ignore the supe-
rior piercing technology and edge qual-
ity of the TruLaser 3030 by comparison 
with its competition.”

According to Accurate Laser, the pierc-
ing times on the TruLaser machine is up 
to four times faster during pulse pierc-
ing, this translates to three seconds 
instead of twelve seconds on some 
material. Jon continues, “Small hole 

quality is better with Trumpf too. We 
tested out a 6 mm mild steel part with 
3 mm holes. This job would have been 
almost impossible with existing equip-
ment but with the 5 kW RF Trumpf 
laser, the result was perfect.

Another Trumpf advantage cited by 
Accurate Laser is the expected life span 
of the TruLaser consumables. “Many 
Trumpf users are reporting a consider-
able increase in life expectancy of con-
sumables specifically lenses, ceramics, 
etc. compared to what we are currently 
experiencing on our West Midlands 
lasers,” Jon explained. “We therefore 
have greatly reduced running costs.”

The company hopes its recent ISO9001 
accreditation will open doors to new 
business and it has its sights set on 
round the clock production on the 
TruLaser 3030. "Trumpf’s modular 
approach to automation will allow 
the company to further enhance the 
TruLaser 3030 to best suit its future 
development needs,” added Jon.

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

Trulaser chosen for its superior piercing technology
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Laserdyne introduces the new 430 
laser system
Prima North 
America, 
have recently 
updated their 
Laserdyne 430; 
a 3-axis system 
designed for 
the precision 
cutting, weld-
ing and drilling of 2 and 3 dimensional 
components. It is now available with a 
4th rotary/circular axis option and a 5th 
tilt axis. 

Laserdyne 430 systems are used 
worldwide for a broad range of metal 
and non-metal applications in the 
aerospace, automotive, electronics and 
consumer products industries. It is CE 
compliant and has a rugged machine 
base and a Class I safety enclosure.

The 430 operates at speeds up to 20 m/
min in the x, y, z axis with bidirectional 
accuracy of 12.5 µm. This accuracy is 
throughout the system’s 600 x 400 x 
500 mm work envelope, making it ideal 
for processing a broad range of com-
ponents such as precision drilled fuel 
filters, electronic assemblies, and transi-
tion components at the highest rates 
with precision quality.

The system has Laserdyne’s latest and 
most powerful system controller, the 
S94P. It also includes the full comple-
ment of Laserdyne hardware / software 
features where required, with features 
such as breakthrough detection (BTD) 
and Laserdyne’s patented automatic 
focus control (AFC). These features 
have been employed by system users 
to laser process complex electronic, 
medical, and turbine engine parts.

“The Laserdyne 430 is delivered as a 
turnkey system with a choice of indus-
trial Nd:YAG, CO2 and fibre lasers,” 
reports Terry l. Vanderwert, President of 
Prima North America. 

“Wherever possible, we have leveraged 
proven technology from our laserdyne® 
beamdirector® systems and 30+ years 
experience in industrial laser processing 
to offer our customers systems with the 
highest performance and process reli-
ability.”

UK Contact: Peter Thompson 
E: pthompson@prima-na.com 
W: http://www.laserdyneprima.com

Advanced laser systems supplied by 
Electrox are providing one of Europe’s 
largest domestic appliance manufac-
turers with a ‘clear’ and ‘permanent’ 
advantage when it comes to marking 
operating control panels for its dish-
washing machines. 

Part of 600 Group, Electrox has supplied 
two EF-technology Raptor II-based laser 
marking workstation systems to Arçelik 
A.S. in Turkey, for its Beko and Arçelik 
white goods brands. These brands are 
sold in more than 100 countries. Arçelik 
is part of Koç Holding, Turkey’s largest 
industrial and services group and the 
third-largest European domestic appli-
ances company.

Yusuf Dumlupinar of Tunamakina, 
Electrox’s Turkish distributor, highlights 
the many benefits to Arçelik A.S. from 
using laser-marking in the manufacture 
of its dishwasher control panels, most 
notably the cost-benefits and perma-
nence of laser-marking compared with 
traditional ink-based marking.

These can be summarised as:
• Totally permanent marking of sym-

bols and controls;
• Virtually no ‘setting up’ time prior to 

serial production;
• No cost for materials (ink, solvent, 

film, printing patterns, dies etc.);
• Virtually no wastage from poor-

quality or absent marking;
• Elimination of potentially hazardous 

ink and solvent fumes;
• Space-saving in the production 

plant;
• Elimination of drying process, lead-

ing to time-saving;
• Less cost and time required to 

mark new models;
• Production flexibility – control panels 

can be marked on demand, any time
• Production flexibility – panels can 

be marked after injection process in 
plastic manufacturing area;

• Simpler, cost-effective maintenance;
• Laser-marking offers a simpler, non-

contact operation.

“The most important benefit, of course, 
is the cost-saving involved, since there 
is no need to source all the materials 
required for marking by printing, namely 
ink, solvent, film, printing patterns or 
dies,” says Yusuf Dumlupinar.

“The Electrox laser systems have been 
integrated successfully into our dish-

washer production plant at Arçelik A.S. 
and the results are helping us to main-
tain our market-leading position and 
worldwide reputation in the domestic 
appliances industry.”

The marker currently being operated by 
Arçelik A.S. is the Raptor laser mark-
ing system, the first to be powered by 
EF technology, a new laser technology 
platform developed by Electrox. Such 
is its faith in this new laser marking 
platform that Electrox is able to give EF 
Technology a four year warranty.

EF Technology provides very short ener-
gy pulses - 25 ns compared with any-
thing from 70 ns to 200 ns in other sys-
tems – which enables high peak powers 
(up to 10 kW) combined with low pulse 
energies. This permits high contrast, low 
damage marking on metals and plastics. 
The highly controllable beam virtually 
eliminates surface damage around the 
mark, enabling EF Technology to be 
used for marking components where 
surface finish and retention of material 
integrity are paramount.

Excellent beam quality and energy sta-
bility over the entire operational range 
mean EF Technology delivers very small 
spots - typically 70 µm from a 254 mm 
lens. Smaller spots are possible (down 
to 25 µm) with high speed, self tuning 
Digital Signal Process (DSP) galvos.  

Peter Ramsden, Sales Director of 
Electrox, says: “This application clearly 
demonstrates the suitability of Electrox 
lasers for high quality and permanent 
marking of plastic products, and we are 
extremely confident that Arçelik A.S. 
and other customers will derive impor-
tant cost-benefits, as well as other 
advantages in terms of quality and per-
formance, by their decision to utilise to 
laser-marking in this way.”

Contact: Peter Ramsden 
E: peter.ramsden@electrox.com 
W:  www.electrox.com

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

Laser-marked white goods are ‘clearly’ better
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Substantial resource savings with LMD

The potential to save resources with 
laser metal deposition (LMD) is huge 
according to Trumpf. The company sug-
gests this method can lead to 90% sav-
ings in materials and material costs. 

LMD can be used to repair and optimise 
parts by enhancing their durability. As 
such, it is a technology that can benefit 
all industries from petrochemical and 
automotive to medical engineering. A 
good example would be LMD reinforced 
oil drill components.

Another field for LMD is the repair of 
expensive components that have local-
ised damage but remain functional, tur-
bine blade repair for example.

In LMD metallic powder is sprayed into 
the laser beam, which also creates a 
molten bath on the surface of the com-
ponent into which it is directed. The 
direction of the sprayed powder can be 
co-axial to the laser beam or via multijet 
or sidejet techniques (as shown in the 
photo above). The application deter-
mines the materials and powder to be 
used. Iron, cobalt, titanium and nickel 
alloys as well as material containing car-
bides are good candidates.

In most cases, the deposited layers have 
a height of 0.3 to 1.2 mm and a width 
between 0.3 and 3 mm. To increase 
strength, multiple layers can be depos-
ited one on top of the other.  An impor-
tant advantage of this technology is that 
it applies minimal heat to the work piece 
so the component is in no danger of 
warping.

To achieve the optimum system for the 
LMD task, Trumpf provides a complete 
technology hardware, software and con-
sumables. For use with smaller compo-
nents Trumpf recommends its TruLaser 
Cell 3008 as the basis of the system;  
for larger parts, the TruLaser Cell Series 
7000 or TruLaser Robot 5020 are recom-
mended. 

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

Job shop
WEC Group new investment

WEC Group’s laser division has seen a 
year of tremendous growth despite the 
economic downturn. To take advantage 
of this WEC Laser, comprising Laser 
Engineering UK in Darwen and 5750 
Components in Liverpool, has purchased 
a number of new machines to expand 
capability and increase capacity.

The Group has taken receipt of a new 
Trumpf 4m x 2m 7 kW laser cutting 
machine, the first of its kind in the UK. 
This machine adopts single-head tech-
nology leading to reduced set-up times, 
increased productivity and ultimately 
cost-reduction for the customer. The 
7 kW enables the machine to cut thicker 
material; up to 30 mm and with new 
software and linear drive technology in 
place, an increase in cutting speeds is 
visible.

This follows the recent purchase of an 
Adige LT722D tube cutting machine 
which provides a 20% higher produc-
tion rate than normally experienced in 
the field combined with a unique level 
of flexibility and automatic adjustments. 
This feature makes it suitable for both 
small batches and large runs. With 
capacities up to 152 mm and maximum 
lengths up to 6500 mm, the Adige also 
provides fully automatic bar handling 
from bundle including measuring, feed-
ing, cutting and unloading.

The capacity at the Group’s site in 
Liverpool benefited from investment 
having moved from 2 to 3 flat-bed, and 
a new single-head laser, leading to an 
increase in capacity and the move from 
a two shift system to three. In 2010 
alone, the group has invested over £1.5 
million in new machines across its laser 
division including the purchase of a new 
press brake, 3 m long and 130 tonne.

Continuous investment in new technol-
ogy is the key to the laser division’s 
dramatic growth over the past few years. 
This coupled with the build of a new 
26,000 square foot facility back in 2009 
enables WEC Laser, to compete at the 
highest level. 

Contact: Wayne Wild 
E: waynewild@wecl.co.uk 
W: www.laser-eng.com

Laser melting for creative gold work
Concept Laser has 
developed the Mlab 
cusing, a com-
pact laser-melting 
machine for the 
generative produc-
tion of jewellery, 
bracelets and watch 
elements. Unique 
products and small 
batches can be 
manufactured over-
night from original 
stainless steel or 
precious metal powders. In contrast to 
the traditional casting process, the metal 
laser melting method allows not only 
denser surfaces, but also the creation 
of geometries which have not previously 
been feasible. Creative design turns 
these precious pieces of jewellery into 
really eye-catching products.

The Mlab cusing machine allows the 
market segment for small intricate com-
ponents to be accessed in an economi-
cally viable way, with the benefit that 
the additive method can enhance the 
quality of the product. Cavity formation, 
rejects and extensive reworking, as can 
arise with the casting method, are vastly 
reduced by employing laser additive 
manufacturing. 

The Mlab cusing machine combines 
a high degree of freedom of geometry 
with high quality standards. Metal laser 
melting is also a very contemporary 
method from the point of view of time. 
In contrast to the traditional casting 
method, it offers the advantage that the 
fully automatic production process can 
be allowed to run at all times, including 
through the night. This means that an 
order can be processed and delivered 
to the customer the very next day. Metal 
laser melting means going directly from 
the idea to the piece of jewellery.

Concept Laser is launching the new 
Mlab range with certified materi-
als: cobalt-chromium alloy (remanium 
star CL), stainless steel alloy CL 20ES 
(1.4404) and 18 carat yellow gold. The 
company has already announced that 
silver and other precious metal alloys 
will be available in 2012. The robust and 
powerful laser at the heart of the sys-
tem, operates with a focus diameter of 
less than 25 µm in order to reproduce 
supreme surface qualities and intricate 
and delicate component structures.

UK Contact: Colin Cater 
E: c.cater@estechnology.co.uk 
W: www.estechnology.co.uk
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EDITORIAL

As we move into 
2011, once more 
we are faced with 
growing concerns 
about further reces-
sion and conflicting 
views on economic 
performance. If 
you are a reader of 
David Belforte’s blog 
on the Industrial Laser Solutions web 
pages, these concerns and conflicts 
are also apparently rife in the US and 
even in Germany. However, extracting 
a highlight from this gloom, the UK’s 
(snow bound) figures for the last quar-
ter of 2010, showed a rise of 1.4% in 
manufacturing output. This should be 
good news to those in the business of 
laser materials processing. This also 
comes with the knowledge that we 
now apparently have a government in 
the UK that seems actually concerned 
about manufacturing! 

A good example of the latter is the 
action taken following the recent 
reports by Hauser and Dyson, to set 
up a series of TIC’s (Technology and 
Innovation Centres) in the UK. This is 
being implemented by the Technology 
Strategy Board (TSB) and the first of 
these is likely to be in the area of high 
value manufacturing and we are all 
aware that laser technology has great 
deal to offer in this area. 

It is unlikely that these centres will be 
new ‘stand alone’ institutions such as 
the Fraunhofer Institutes, but rather 
collaborations between existing organ-
isations generally recognised to be 
‘experts’ in the field. 

The TSB recently sought expressions 
of interest for involvement in a high 
value manufacturing TIC and, with 
thanks to Martin Sharp, such a sub-
mission was made on behalf of AILU. 
It points out how the association can 
provide oversight for laser process-
ing and a dissemination route for laser 
related activity in the TIC. 

This in fact will be my last message 
as President before I step down at the 
AGM in March. I would like to take this 
opportunity to thank all AILU members 
and members of the committee, plus 
Mike and his staff, for support during 
my period of office and offer all AILU 
members the best for the remainder of 
2011.

Paul Hilton

PRESIDENT'S MESSAGE

The test piece shown was 
created to demonstrate the 
capabilities of the laser for 
tool repair. It shows repair 
to sharp edges which are 
straight and circular, an 
inaccessible inside corner 
and build-up of tool steel 
over a surface. It has to be 
a laser process because 
other technologies cannot 
add tool steel from a wire 
without adjacent ‘collateral’ 
thermal damage. 

The work shown was 
done by laser welding 
specialists, Carr’s Welding 
Technologies using the 
user-friendly Rofin StarWeld Tool. The 
process uses fine (sub-mm diameter) 
welding wire of the same or compli-
mentary material to the part being 
repaired. A similar process is used in 
jewellery repair where precious metals 
can be added to rings to size them or 
claw tips to extend them, for exam-
ple. The skilled operator moves either 
the part (for repairs to smaller tools/
tool inserts) or the laser head (with the 
StarWeld tool open) for large tools. This 
movement can be controlled manually 
via joystick and the laser triggered with 
the same hand. The other hand feeds 
the wire into the melt pool.

The laser used is a pulsed Nd:YAG and 
an average power up to 100 W is usu-
ally plenty. The operator views the proc-
ess via a stereomicroscope (with shut-
tering to provide eye safety). Typical 
applications include build-up of worn 
surfaces and infilling of cracks. 

After laser welding, depending upon 
application, it may be necessary to 
machine back or polish the region of 
repair. 

Another attraction of laser welding in 
permitting the precise application of the 
minimal quantity of heat is that the heat 
affected zone is small and that after fin-
ishing there are no ‘witness marks’.

It has to be LASER
Examples of where laser technology provides the only practical means of manufactur-
ing an item or feature. This issues's winner is Andy May of Rofin -Baasel UK 

Use of lasers for fine wire repair

New member certificate
Congratulations to Rofin-Baasel UK 
for providing the winning picture in this 
years challenge to provide something 
new to adorn the 2011/12 Corporate 
Member certificate. The picture shows 
fine laser cutting in action in the manu-
facture of stents, one that personifies the 
success of laser materials processing in 
providing a key manufacturing technol-
ogy at the micron level.

Except for members of AILU's job 
shop group who have their own design, 
Corporate Members can look forward to  
receiving the new certificates during the 
year shortly after their renewal date.

Future-proofing and reducing costs 
Members can now renew for up to 3 
years at a time at the current rate, there-
by saving some of their administrative 
costs and protecting against rate rises. 

Examples of laser repair: (1) Straight edge build-up; (2) curved edge 
build-up; (3) internal corner build-up; and (4) surface build-up
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The Job Shop Group within AILU is in 
principle very broad, and even within the 
flatbed metal laser cutting fraternity the 
most successful have managed to dif-
ferentiate themselves from the competi-
tion. How does Carlton Laser Services 
achieve this?

Back in 1990 I could see that for my 
business to survive purely as a true “flat 
blank” laser job shop it would have to 
run a very slick operation with the latest 
kit; prices were becoming very competi-
tive and there would always be “Joe in 
the shed” type contractor to undercut 
you. The alternative was to offer the 
complete solution (ie. cutting, fabrica-
tion, finishing, assembly etc.) and target 
the business at the larger organisations.  
So Carlton diversified in to the complete  
solution sector, offering the complete tai-
lored solution from initial design to final 
assembly. This remains one of our key 
strengths.

What differentiates us from the competi-
tion, apart from making the customer’s 
problem Carlton’s problem, its simply 
that we do what we say.

Of all AILU Job Shop Group members 
CLS seem to make the most use of 
advertising in magazines yet CLS seems 
not to take a stand at manufacturing 
sub-contract shows. What is your mar-
keting strategy?

Up to 1990, we had always exhibited at 
Subcon but that particular year we were 
going through an internal reorganisation 
and genuinely could not mann the stand 
to the level of professionalism that I was 
looking for, so we did not go and have 
not been since.

It was apparent that many fewer orders 
were being taken on the stand than in 
previous years, and was borne out by 
other major exhibiting subcontractors.

We have since concentrated on advertis-
ing by taking full advantage of editorials, 
television interviews, customer work-
shops and winning awards like 'supplier 
of the year'; with the goal of raising our 
profile to become a respected name 
within the industry, something which I 
believe we have now achieved. The trick 
now is to keep ourselves there.

How much has your thinking about sub-
contract engineering been influenced by 
your business education and MBA?

Very much so, as I believe there is still a 
great future in sub-contract engineering 
for the right company. By that I mean the 
company that is prepared to think out-
side the box, see the bigger picture and 
rather than talk about it,do it!

At Carlton, we don’t see threats to our 
business (obviously they are there), we 
only see opportunities.

The MBA has equipped me with the 
skills to do this; I see an issue through 
many more different eyes rather the one 
I previously used. 

Does CLS have any competition outside 
the UK? Is the weak GBP opening up 
new export opportunities?

Like a lot of subcontractors, over the 
years we’ve all lost work to China, 
Poland, India etc. But in the last five 
years and more recently we have won 
work back, not purely on price but on 
our quality, re-engineering expertise and 
delivery performance. Now, companies 
are looking for us rather than the other 
way round but it has taken a few years 
to establish this situation.

Laser machines are very flexible, 
encompassing micro-processing, addi-
tive manufacture, marking, drilling and 
welding in addition to cutting; ceram-
ics, composites and polymers as well 
as metal; and 3-D as well as tube and 
flatbed. Do you think that the majority of 
UK manufacturers are even now aware 
of the opportunities presented by lasers 
in materials processing? Do you think 
there is still the need for a technology 
transfer programme (such as Make It 
With Lasers)? Could and should laser 
subcontractors take on introducing new 
laser-based applications to UK manufac-
turing organisations?

Laser technology has come on leaps 
and bounds over the years and indeed 
tomorrow's technology is exciting. 
Regrettably some customers still wear  
their blinkers and appear to be immune 
from advancement.

We still come across a potential custom-
er to whom we could clearly add value 
and save them money, but mention 
re-engineering, robotic folding or laser 
welding and it's like meeting a brick wall. 
However, on visiting our works here in 
Leicester that same customer becomes 
amazed at what these same technolo-
gies allows us to do.

To answer the question, we find the 
larger the organisation, the more open 
minded to new technology they are. 
However, nothing can beat getting that 
customer in to your works.

About 5 years ago we ran an advertising 
campaign to sell our expertise in metal 
enclosures (cabinets) to the electronics 
and power generation sectors. I believed 
'enclosures' was a technical term that all 
engineers would immediately be familiar 
with, but I was wrong! One potential 
customer, with a £200k spend at the 
time, visited our works; he said he had 
no requirement for metal enclosures and 
asked if we make "cans".

However, as soon as he saw some 
of our enclosures in manufacture, he 
immediately shouted, they're the ones ... 
“cans”. So now we do not take anything 
for granted; we make sure the customer 
and ourselves understand each anoth-
er’s business and requirements.

How badly has the current economic 
downturn affected CLS?

I have to say that Carlton has managed 
the economic downturn very well but I 
put that down to my own experience of 
having now gone through three reces-
sions, ..... you learn your lessons.

For me it was get out of the yellow 
goods and automotive markets, cut 
costs sooner rather than later, and don’t 
panic.

When the economic downturn ends do 
you expect UK manufacturing industry 
to be growing or shrinking, and what 
changes do you expect in the subcon-
tract engineering business?

I remain very positive for manufacturing, 
a “double dip” never having been on my 
agenda. A possible slow down, yes, but 
as we look forward to 2011 all the indi-

Success in subcontract engineering
Interview with Dennis Kent
The Managing Director of Carlton Laser Services reflects on making a success of a  
laser subcontract manufacturing business

The AILU INTERVIEW
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OPINION 

cators appear to be positive.

I believe there will still be some casual-
ties in the sector, some deserved, sadly 
some not. Those contractors that have 
survived are stronger, wiser and are 
seeking out the opportunities.

I believe customers will, like us, all will 
be wanting more for less but price will 
not be the issue, it will be reliability.

What advice would you give a subcon-
tract engineering company considering 
purchasing their first laser machine at 
this time?

1. Draw up a specification and wish list 
of what you want this laser to do, i.e. 
thickness of material to be cut, range 
of materials, size of components, flat 
blanks, hollow sections etc.

2. Benchmark cutting trials for your 
components with the various machine 
manufacturers and witness the trials; 
the latter is a must!

3. Benchmark running costs.

4. Invest in as much automation as you 
can afford at the beginning, as these 
machines need to run 24 hrs per day 
and I would argue, running as much 
lights out as possible.

5. Invest in operator training. Do not try 
and get away on the cheap, it will 
come back to haunt you in the long 
run.

6. Visit other laser job shops and get at 
first hand what the operators think of 
the machine, the back-up, reliability 
etc. and what their wish list would be 
if they had to start again.

7. Become a member of AILU.

Where do you see future opportunities 
for UK laser job shops?

As I look in to my crystal ball I see UK 
job shops becoming larger once more, 
perhaps amalgamating, forming allianc-
es, but offering the complete purchasing 
package.

There will always be a requirement for 
the “Joe’s in a shed” but these will 
become what I may be termed “hobby-
ists” 

For the serious players amongst us, the 
customer will place the project with the 
contractor and leave it for them to totally 
source and project manage, delivering it 
on time, no excuses. What we used to 
term a “partnership”!

In these turbulent economic times not 
witnessed since the depression of the 
1930’s it is perhaps an interesting time 
to reflect on the changing nature of the 
macro and socio economics of the world 
as we enter the second decade of the 
21st century. The shift of the political 
and economic centre of gravity away 
from Europe and the US towards Asia 
and China in particular, is having an 
increasingly profound effect on our lives. 
The massive debts the West continues 
to accrue can only be sustained with the 
full economic support of China. 

China has a voracious need for natural 
resources. This is defining it’s relation-
ships with mineral rich countries and it 
is, for example now responsible for pur-
chasing 70% of the world’s resources of 
iron ore. As a result, China can effectively 
set the market price, reducing its buy-
ing and using its accumulated stockpile 
when it sees the price rise too high. 
We’ve also recently seen China dominate 
and control the world’s supply of the rare 
earth elements widely used in microelec-
tronics, displays and of course lasers. 

The Chinese government has encour-
aged the development of laser process-
ing technology and associated equip-
ment as an industry since 1997 and it’s 
estimated the market demand for laser 
products in China will exceed $9B in the 
next 5 years. We all know that the West’s 
desire to continue to purchase goods 
manufactured by cheap labour at the 
expense of going ever further into debt 
is unsustainable. It remains to be seen 
whether in Europe the debt to GDP ratio 
and high levels of unemployment racked 
up by Greece, Ireland, and Italy can be 
rescued by the more robust eurozone 
economies. Interestingly at 68% the 
debt to GDP ratio for the UK is much 
lower than that for Germany (75%), 
France and Portugal (83%), Ireland 
(98%), Italy (118%), Greece (144%) and 
Japan (170%) – see http://en.wikipedia.
org/wiki/List_of_sovereign_states_by_
public_debt. 

That said it’s not all doom and gloom 
for Europe - one party’s loss can often 
lead to another’s gain and provide new 
opportunities. The current low value of 
the euro is making German exports of 
manufactured goods highly competi-
tive. At 7.5% they now have their lowest 

unemployment rate since reunification in 
1990 – any thought of them leaving the 
euro and reinstating the deutschmark is 
clearly out of the question. A high over-
valued mark would suddenly make their 
exports prohibitively expensive. 

The short term growth and opportuni-
ties in our laser industry appear to be 
excellent. There were a record number 
of attendees and exhibitors at the recent 
Photonics West show in San Francisco. 
Laser companies like Coherent, IPG 
and Rofin have reported remarkably 
high sales in the last quarter of 2010. In 
Coherent’s case sales are buoyed by the 
microelectronics sector - Q1 2011 book-
ings are a record $234.4 million which 
is a staggering 94.5% increase on Q1 
2010. Here in the UK, a January survey 
by the Chartered Institute of Purchasing 
and Supply found UK manufacturing 
and employment grew at its fastest pace 
since records began in 1992. While this 
underlines the importance of manufac-
turing to the UK's recovery, the survey 
also showed rising factory costs raising 
fears of growing inflation. 

In economies like ours in which high 
added value manufacturing is a corner-
stone, laser materials processing is a key 
enabling technology. Organizations like 
AILU perform a key underpinning role in 
disseminating information on develop-
ments and providing networking oppor-
tunities for knowledge transfer. AILU’s 
forthcoming ILAS 2011 conference and 
exhibition in Warrington is the premier 
event for the UK laser community of 
researchers in laser material processing 
and laser users in manufacturing. I have 
no doubt the many excellent presenta-
tions, exhibitor showcases and network-
ing occasions provided by this forum will 
greatly further members business oppor-
tunities, research exposure and overall 
general knowledge of the industry. In a 
more minor, perhaps less tangible way, 
a successful event will play its part in 
assisting the recovery of UK manufactur-
ing from its experiences of the unprece-
dentedly difficult economic times of late. 

I encourage all readers to support this 
exciting not-to-be-missed event in the 
AILU calendar. 

Imperial College London 
E: m.gower@imperial.ac.uk

China and the economic outlook for lasers 

Malcolm Gower
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JOB SHOP CORNER

Happy New Year  
everybody! 

This year we are going 
to breathe new life into 
the jobshop corner in 
the form of articles on 
a wide range of subjects – from how to 
catch thieving employees to the pros 
and cons of nitrogen generators. So - if 
any of you readers have an idea for a 
subject  - or if you’d like to write a con-
tribution, please send an email to AILU 
and we’ll get on with it. I will be starting 
the ball rolling in the next issue with 
an article discussing the likely impact 
which fibre lasers might have on the 
jobshop market. 

As far as the laser cutting industry is 
concerned at the moment – no one’s 
getting rich and no one’s going broke (I 
hope). The commercial situation seems 
as dull as the Tupperware sky above 
us, but, as you all know from my bul-
letin of last year – things are definitely 
going to be full steam ahead from my 
birthday onwards (again).  So set your 
Blackberries and iphones to wake you 
up with a fanfare on the 6th of March. 
These alarms will, of course, be subse-
quent to the bank transfers and Amazon 
despatches you made earlier that week 
to help me celebrate.

This year we are, as usual, going to 
have a Jobshop meeting – but we are 
planning to make it bigger and earlier in 
the year than usual (September rather 
than November). We’ll make it bigger 
by inviting a lot of the jobshops who 
haven’t joined AILU yet to come along 
and show them the benefits of belong-
ing to a friendly group of competitors. 
So – if you have any topics you’d like 
to have discussed at the meeting – or 
if you know a non member jobshop 
who might be interested please contact 
AILU.

John Powell
jpowell@laserexp.co.uk

Chairman's 
report

Jo
b Shop Group

JSG

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

Lasers have a major role to play in UK 
manufacturing in the 21st Century, and 
in August 2010 AILU published a report 
entitled ' Exploiting laser technology in 
21st century UK manufacturing', which 
set out to link laser materials processing 
applications to the driving forces for 21st 
Century manufacturing in the UK.

Laser job shops play an important role 
in UK laser-based manufacturing, offer-
ing batch production capability and, for 
manufacturers wishing to move to in-
house laser-based production, providing 
important proof of principle of the laser 
route and an interim production solution. 

UK laser job shop services
The report uses the term ‘Laser Job 
Shop’ primarily to refer to businesses 
that offer laser materials processing as a 
primary sub contract activity though to a 
full contract manufacturing service. 

Useful summary tables are included in 
the report including summary tables of 
subcontract laser activities and outlook. 
For each laser process these tables list 
the laser processes, the size of the sub-
contract community, the main industrial 
users of the process, the UK market 
size and its future trend. Regarding laser 
processes, the UK laser job shop indus-
try is dominated by suppliers of flatbed 
laser cutting of metals, others offer tube 
and 3-D cutting, welding, drilling, fine 
machining and marking/engraving; more 
recent services include micro-processing, 
cladding and additive manufacturing.

A key financial consideration, especially 
in a subcontract context, is the amount 
of time that must be spent when the laser 
is not actually processing material, from 
initial set up time through to post-process 
inspection. Figures for the various laser 
processes vary wildly, with flatbed and 
tube laser cutting and marking generally 
by far the most efficient in terms of the 
fraction of laser-on time. These processes 
therefore integrate well into the traditional 
job shop model of rapid turn-around 
of jobs and full utilisation of the laser 
machine: many other laser processes 
would require a different business model 
and skill base. A considerable investment 
of time and money is needed to refine the 
set-up, process parameters and controls 
needed to achieve the necessary quality 
and reliability with many of these other 

processes, which is one of the reasons 
why, in comparison with prime manufac-
turer output, there is relatively little job 
shop activity in some process areas, such 
as welding and drilling.

An AILU survey commissioned for this 
report asked machine suppliers to esti-
mate, for the laser applications currently 
undertaken in UK job shops, the level of 
UK job shop activity, relative to the esti-
mated total UK industrial activity involv-
ing the application. The results, tabulated 
in the report, show clearly the relatively 
massive contribution of subcontractors 
in many laser process areas, though in 
some cases (e.g. nano-scale cutting) the 
percentage is only high only because 
there is little in-house UK manufacturing, 
the majority being executed outside the 
UK. At the other end of the scale, con-
tract activity represents only a small frac-
tion of the total UK laser marking activity. 
The reason for this is clearly linked to the 
multiplicity of large volume (mainly mass 
production line) applications combined 
with the relatively low cost of purchasing 
laser marking machines.

Predictions for the 21st Century
The report concludes that the outlook 
for laser cutting of metals, currently far 
and away the most popular laser job 
shop activity, remains excellent; together 
with micro and nano-scale cutting, laser 
welding of plastics, additive metal manu-
facture and repair, and metal cladding. 

Arguably the strongest of the top tier 
processes for job shop activity is addi-
tive manufacturing both by laser selective 
melting and blown powder deposition. 
Currently considered as primarily a rapid 
prototyping process, developments of 
this technology are moving this towards a 
rapid manufacturing process. Awareness 
of this opportunity is quickly increasing. 
The Aerospace Sector has considered 
Additive Manufacture for many years, with 
one of the prime issues being cost and 
material qualification. Other sectors (e.g. 
formula one racing, medical implants) are 
also embracing the technology.

Another key application area identi-
fied in the report where there is almost 
certainly room for more subcontractors 
is mould tool maintenance. Only a few 
companies currently offer this service, 
principally for repair of the mould surface 

Opportunities to extend job shop services

Some highlights of AILU's 'Lasers in 21st Century 
Manufacturing' report 
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EDITORIAL

This last year saw a number of impor-
tant developments by members of 
AILU's Product and Process Innovation 
(PPI) Special Interest Group, includ-
ing activity in the Laser Materials 
Processing (LMP) awareness, knowl-
edge transfer and technical innovation 
for industry. 

Many universities are involved in 
such activities, including Manchester 
University which can fairly claim to 
be playing a leading role; this in part 
thanks to a laser technology transfer 
grant of over £1M it has received with 
Liverpool University from the Northwest 
Development Agency, specifically aimed 
at knowledge and technology transfer 
of laser materials processing for tech-
nical innovation and industrial use of 
lasers by SMEs in Northwest England. 
The Manchester University activity was 
further strengthened by an EPSRC 
Knowledge Transfer Account grant to 
employ a Fellow to transfer laser tech-
nology to UK industry: not for research, 
but purely directed at laser innovation 
for industry.

As part of this activity Manchester 
and Liverpool University laser groups 

combined to run a two-day 'Laser 
Engineering for your Business' work-
shop in April 2010 with over 60 
attendees (academic and industry) in 
Northwest England. 

In July 2010 the university organised 
and hosted the 36th MATADOR con-
ference on advanced manufacturing. 
AILU supported this event, at which 
over 25% of the papers related to laser 
processing. 

As an example of successful technol-
ogy transfer, Manchester University has 
successfully transferred laser cleaning 
for E-beam welding to Rolls-Royce, a 
process that is now in production tri-
als in Derby. The university has also 
been awarded around £1M from the 
Technology Strategy Board and the 
Engineering and Physical Sciences 
Research Council and industry to 
develop innovative laser cleaning for the 
UK aerospace industry, a project led by 
Rolls-Royce and BAE.

More recently the university received 
£8M from the UK Nuclear Advanced 
Manufacturing Research Centre for 
upgrading equipment for nuclear manu-

facturing (with another £25M going to 
the Sheffield University); this will allow 
Manchester to install a 16 kW fibre 
laser, 3 robots and a 7 axis 400 W ps 
laser machining system. Led by Rolls-
Royce, the project aims at achieving a 
Technology Readiness Level of 6.

Professor Lin Li, the current Chair of 
AILU's PPI Special Interest Group 
is Director of the Laser Processing 
Research Centre at Manchester 
University. During 2010 he organised 
(as the guest editor) a special issue of 
the Journal of Mechanical Engineering 
Science on "Lasers in Engineering" with 
4 papers contributed from the UK: the 
first time a laser engineering special 
issue of this international journal with a 
world wide scientific and industrial read-
ership has been produced.

The PPI Special Interest Group is sup-
porting the ILAS 2011 symposium in 
Warrington in north west England. It will 
add greatly to the knowledge transfer 
activities between academia and indus-
try that are already so prevalent in the 
region.

Laser Materials Processing transfer at Manchester University

and fine features. This service could be 
expanded to tool modification, i.e. where 
a company logo in a mould tool needs 
to be changed. Significant mould tool 
changes may be achieved by additive 
layer techniques and, of course, a whole 
new tool could be manufactured using 
this method. Potential benefits of making 
tools by additive manufacture include the 
incorporation of copper for rapid heat 
transfer material and conformal cooling 
channels to allow increased productivity 
from the mould tool. Surface texturing 
could be added to the mould tool itself 
to impart hydrophobicity to the moulded 
plastic surface. Finally, laser cleaning 
can be employed to clear the residues 
that eventually build up to impair the 
process. Downtime of mould tools can 
be expensive and users often seek local 
suppliers of this service, looking for same 
day turnaround. On this basis, the report 
concludes, an increase in mould tool 
services suppliers can be expected.

Micro-processing 
An increase in micro-processing are 
expected, tracking the growth of micro 
and nano technology in areas such as 
medical devices and diagnostics.

In this field, surface texturing may 
become a significant job shop activity. 
There is now a strong body of evidence 
indicating that creating suitable surface 
textures can control surface energy. This 
allows surfaces to be made hydrophilic 
and hydrophobic. Other surface textures 
can improve adhesive joining and the 
behaviour of cells against a surface. 
Current user activity is mainly in research 
and prototypes and directed towards 
small area texturing and small devices. 
However, technological advances in 
area coverage rate might soon make it 
feasible for a company to offer a con-
tract surface treatment service for larger 
areas. The display industry has a major 
activity in surface patterning but has little 
manufacturing capacity in the UK and is 
unlikely to support subcontract industry. 

New forms of laser-assisted coatings are 
another surface treatment applications. 
Companies already offering coating 
services would most probably take up 
subcontract activity in this area, to pro-
vide a complementary treatment. Such 
a company would likely already have the 
necessary facilities for inspection of the 
deposited coatings.

The laser processing of thin glass prod-
ucts is increasing, with new technical 
developments improving speed and 
quality. This could form the basis of 
a small niche subcontract market, as 
could the manufacturing of fine wire and 
cable assemblies, particularly for medi-
cal electronics and diagnostics. Cable 
identification by laser marking could be 
included in the service.

The drive for a low carbon vehicle could 
create a new market by laser subcon-
tractors. The general thrust of these cars 
is the use of batteries and fuel cells, and 
there are significant laser opportunities 
in laser welding, micro-drilling and tex-
turing to provide subcontract production 
opportunities. 

Vehicle weight reduction, with an 
increased use of composites, lightweight 
alloys and tailored blanks, may introduce  
subcontract opportunities based on a 
range of laser processes.

Copies of the full report can be down-
loaded from the AILU web site by click-
ing on the button advert to be found on 
on the AILU home page. 

... Continued from p16
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From near-term improvements in 
existing architectures to future 
trends based on advanced cell 

concepts, laser processing is a key 
enabling technology in photovoltaic 
(PV) cell development. Lasers are now 
a well-proven tool that can lower the 
overall production cost and improve 
the final efficiency of current crystal-
line and thin film PV designs and their 
use is becoming increasingly wide-
spread in the solar industry.  Reaching 
grid parity and beyond is going to 
require the implementation of alterna-
tive “advanced cell” concepts current-
ly under development, which means 
an expanding role for laser: the laser 
is often not just an enhancing tool but 
a critically enabling technology. 

Laser processing basics
The laser offers unique properties that 
permit it to perform a variety of materials 
processing tasks better than traditional 
mechanical and thermal methods.  For 
most of these tasks the laser can be 
thought of as a precisely directed beam 
of energy that can melt, remove or trans-
form material without physical contact. 
This lack of contact eliminates the prob-
lem of tool wear, leading to excellent 
process consistency and reduced down-
time. Plus, the weightless laser beam 
can be rapidly moved over a surface, 
allowing it to quickly process very large 
surfaces, such as solar panels.   

A laser beam is also an incredibly flex-
ible tool, equally compatible with con-
tinuous flow and batch processing. It 
can be focused down to perform ultra-
precision tasks at the micron size level, 
such as drilling minute holes in medical 
devices and semiconductors. Or, it can 
be spread out for processing of large 
areas, such as in heat treatment or sili-
con annealing. And it can be used with 
an incredible variety of materials includ-
ing metals, glasses, semiconductors, 
plastic, and paper to name just a few.

While there are numerous laser param-
eters that determine the details of a 
specific process, some of the most 
important are wavelength, pulsing char-
acteristics and average power. Most 

solar applications can be 
classed as micromachining; 
producing precision sub-
millimeter resolution features 
while minimizing peripheral 
thermal damage.  This is typi-
cally best achieved by using 
a pulsed laser with a shorter 
wavelength (i.e. ultraviolet 
rather than visible or infrared) 
and/or a very short pulse 
duration (nanosecond, pico-
second and even femtosec-
ond). These types of lasers 
cause material to be directly ablated 
(atomized), rather than boiled off as 
with longer pulses, thus minimizing the 
amount of heat spread to surrounding 
material.  Average power is also very 
important because that determines proc-
ess speed.  

No matter how substantial are the ben-
efits of laser technology, its adoption is 
ultimately governed by return on invest-
ment (ROI). The laser process must cut 
the cost of the final product or increase 
its efficiency, and it will be adopted only 
if it accomplishes a task faster, cheaper 
and better than alternative methods. For 
solar manufacturing in particular, laser 
processing must match or beat exist-
ing task times of around 3 seconds per 
wafer, which enables up to 1200 wafers 
per hour. Moreover, lasers must provide 
high reliability and very minimal sched-
uled downtime in solar in order to sup-
port 24/7 operation, so that 1200 wafers 
per hour translates into the current 
industry throughput of 30 MW per pro-
duction line per year. The latest 50 MW 
lines require even higher rates and lasers 
are already meeting these targets, too.

And even when it is the only viable tool 
for a new process, ROI is still para-
mount; the final product performance/
cost ratio has to beat that of alterna-
tively manufactured product. For this 
reason, laser tooling has been going 
through a period of rapid development 
as laser manufacturers have responded 
to changes in solar technology and the 
solar economic landscape. This has 
manifested itself in two ways: the devel-
opment of lasers specifically designed 

to optimize ROI for key solar fabrication 
tasks (e.g. the Coherent AVIA nanosec-
ond lasers optimized for edge isola-
tion), and vertical integration, with laser 
manufacturers producing turnkey laser 
processing workstations rather than 
just lasers alone. Examples of the latter 
include the Aethon and Equinox from 
Coherent, which support R&D and vol-
ume production respectively.

Crystalline Silicon Devices
Edge isolation of crystalline silicon 
(c-Si) products was one of the first solar 
fabrication steps to widely use laser 
processing, and illustrates most of its 
benefits. In this process, the front and 
rear surfaces of the silicon cell are elec-
trically isolated, following a phosphorous 
diffusion process that dopes the p-type 
silicon with an n-type top layer. Here 
lasers scribe an isolation groove, typi-
cally 10 – 20 µm deep, to eliminate edge 
shunt pathways between the front and 
rear surfaces (see figure 2). To maximize 
efficiency the groove must be located 
as close as possible to the edges of the 
front surface and be as narrow as pos-
sible, thereby minimizing “dead space”. 
Until a few years ago, edge isolation was 
dominated by plasma and wet-chemical 
etching techniques, but now lasers are in 
widespread use in this application.

Initially, solar manufacturers utilized 
1064 nm, Q-switched DPSS lasers as 
these offered low cost and the requi-
site power; but they soon switched to 
532 nm and then 355 nm lasers as these 
shorter wavelengths eliminated the risk of 
thermal damage such as microcracking. 
Working at 355 nm enables very narrow 
grooves to be scribed, thus minimizing 

BACK TO BASICS

The PV roadmap: strongly dependent on laser technology

David Clark 

Figure 1: Lasers can perform several different types of process in 
solar fab, delivering a combination of the advantages summarized 
in this figure. 

Scribe Ablate Drill

Melt / Diffuse / Anneal
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dead space. To meet the specific needs 
of this application, Coherent developed 
more powerful AVIA series 355 nm lasers. 
Such lasers produce a better scribe and 
provide the lowest cost method for edge 
isolation, according to independent esti-
mates (see figure 3). As a result, the AVIA 
has secured a 90% market share for 
edge isolation applications.  

Using lasers to create the front surface 
emitters and their associated metal grid-
lines and busbars is also being explored.  
Usually produced by screen printing and 
thermal “firing,” these electrodes and 
busbars cause shading that limits PV 
efficiency and also require non-optimum 
dopant concentrations, further lowering 
device efficiency. But now, laser fired 
emitters have emerged as a competitive 
technology creating narrower metal lines 
and enabling spatially selective doping, 
both of which lead to higher efficiency. 
Studies indicate that CW multi-watt vis-
ible lasers such as Coherent Verdi can 
probably deliver the highest throughput 
and best ROI for this process.

Advanced cell concepts
Several advanced cell concepts already 
show excellent potential for improved 

efficiency, and most of these require at 
least one laser-enabled process step. 
A prime example is via drilling for metal 
wrap through (MWT) and emitter wrap 
through (EWT) as illustrated in figure 4. 

With MWT, this requires about 
200 holes/wafer, while EWT needs as 
many as 20,000. Laser drilling is the only 
process with the potential to meet the 
commercial-scale speeds required here.  
The first laser to be investigated for this 
process was the Q-switched DPSS laser 
at 1064 nm with tens of watts of output 
but manufacturers are already working 
with laser manufacturers to develop 532 
and 355 nm lasers to produce smaller 
holes with minimized thermal damage. 

Thin Film Devices
Thin film devices currently offer lower 
efficiency than c-Si and consequently 
only represent a small market segment. 
However, their potential for low cost 
mass production, maybe eventually roll-
to-roll continuous processing on flexible 
substrates, makes them very attractive. 
Their market share will only grow as 

efficiency and other issues are 
solved.  

Lasers are gaining traction 
in two thin film fabrication 
steps, namely edge deletion, 
and, to a lesser extent, pat-
terning. Nanosecond pulsed 
visible and ultraviolet lasers 
are the first choice for these 
thin films applications, but we 
fully expect ultrafast industrial 
lasers to play an increasing role 

throughout thin films.

For thin film devices, edge deletion is 
analogous to edge isolation of crystalline 
solar cells. Specifically, when the various 
layers are deposited on the substrate, 
the edges of each layer will not always 
terminate along the same line.  This can 
lead to electrical shorts and other func-
tional problems. Laser scribing through 
all the layers down to the substrate 
eliminates this problem.

Patterning addresses an issue unique to 
thin film devices, which unlike crystalline 
silicon cells, are produced in large areas 
(typically 1 m2) and then subdivided into 
individual cells which are electrically 
connected in series. This subdivision 
and connector patterning requires that 
the panel be scribed after each layer is 
deposited. For glass substrates, visible 
wavelength lasers can even create these 
front surface scribes by accessing from 
the rear surface (through the glass).  

Conclusion
Within solar manufacturing, lasers are 
transitioning from competitive produc-
tion line tools to first choice solutions 
for several key fabrication steps. This 
adoption is likely to increase as manu-
facturers implement advanced process-
ing techniques to further improve cell 
efficiency.  To support this trend, PV 
manufacturers and laser suppliers must 
both clearly understand the ROI con-
straints governing the acceptance of 
new process stages. This will ultimately 
call for a wider range of laser sources 
and laser-based process tools, specifi-
cally designed to meet the needs and 
constraints of solar production.  

David Clark is with Coherent Inc., Santa 
Clara, USA

Contact: David Clark

E: david.clark@coherent.com 

BACK TO BASICS

Figure 2: Schematic representation of edge 
isolation on c-Si solar cells, performed by laser 
scribing around the front surface.

Figure 4: a) in MWT, the metal figures that form 
the base contacts are moved to the rear surface, 
(b) in EWT, the busbars are also moved to the 
rear.  Both architectures concepts require many 
vias (holes) to be drilled through the device to 
connect the front surface with the rear contacts. 

Figure 3:  Fully amortized per wafer costs for different 
approaches to Edge Isolation.  Source – Global Solar Technology, 
Vol. 2, No. 2 March/April 2009. See Observations p35

David Clark is Director of 
Marketing Photovoltaics for 
Coherent Inc. He heads up 
marketing activities for the 
Intelligent Optical Systems 
business which is focused 
on leading edge laser tools 
for solar cell processing.
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Stainless steels are well-suited 
for making medical instruments: 
it is easy to clean and steri-

lize, strong and corrosion-resistant. 
The composition of the steel pro-
vides these properties; chromium for 
scratch and corrosion resistance, 
nickel provides a smooth and polished 
finish and molybdenum gives greater 
hardness and helps maintaining a 
cutting edge. A requirement exists to 
permanently mark such instruments.

The challenge for laser marking in this 
application is to create a visible mark 
without compromising the corrosion 
resistance of the material. In practice, 
this requires that the surface of the 
material does not become molten and 
that the mark is produced by building 
up an oxide layer that becomes visible 
and enriched with chromium to maintain 
corrosion resistant properties. This can 
be achieved by careful optimisation of 
the process parameter, producing a dark 
surface mark with good contrast and no 
surface damage [1]. The mark is created 
by the build-up of a surface oxide layer 
and by control of its thickness marks of 
different colours can be produced. 

The effect of fibre laser colour marking 
on corrosion resistance was studied by 
Westin and Laakso [2]. It was found that 
a dark oxide mark caused a decrease 
in corrosion resistance on both SS304L 
and LDX2021/2304. Lu [3] and Gabzdyl 
[4] studied the mechanism of dark oxide 
marking on stainless steel. Minimum 
thermal input into the marked area with 
no surface damage/melting was found 
to be the key to achieving a corrosion 
resistant dark oxide mark. 

The paper investigates the physical 
mechanism of laser induced dark oxide 
mark using a moving point source ther-
mal model. 

The marking process 
When a laser beam is scanned over the 
metal surface the absorbed laser power 
produces a surface temperature increase 
and the reaction with oxygen in the 
surrounding air can cause a thin oxide 
laser to be produced. The layer usu-
ally comprises ferric, chrome and nickel 

oxides and has a thick-
ness around 200~400 nm. 
Optical interference in 
the thin layer causes the 
marked surface to take on 
a colour ranging from light 
gold, green to purple and 
dark. The thin oxide layer 
growth and the colour and 
contrast of the mark are 
strongly depends on the 
thermal input into the metal surface and 
the temperature distribution. The melting 
point of stainless steels is 1500~1650˚C 
and oxidation starts from 200˚C. 

To gain insight into the parameters 
controlling surface temperature simplify 
the problem and provide quick useful 
insights for process window, a software 
package from Abington Consultants the 
Thermal Source Optimiser developed 
by Crafer [5] was applied to a single 
point moving heat source on an infinite 
plane. The model assumes no melting 
and ignores any phase change occur-
ring during the marking process. The 
goal is to define the process window 
for producing dark, uniform marks with 
minimum thermal input. 

Marking experiment 
Three types of stainless steel were test-
ed: SS304, 17-4 and 17-7. These are the 
alloys most commonly used by the med-
ical industry. SS304 is an austenitic steel 
with excellent machining properties and 
easy to keep sharp. 17-4 is a precipita-
tion hardening martensitic stainless steel 
with Cu and Nb/Cb additions. The grade 
combines high strength, hardness (up to 
300°C) and corrosion resistance. 17-7 is 
similar but with a better corrosion resist-
ance, that develops its strength and 
hardness through heat treatment.

Laser parameters are shown in Table 1, 
the powers referring to surface values. 
A 20 W fibre laser marker model LMF-

2000 HP from Miyachi Unitek was used 
for SS304 marking. For 17-4/17-7 mark-
ing, a 40 W laser marker was used.

Figure 1 shows the test matrix for the 
marking experiment on 304 steel and 
17-4/7. Different process setting such as 
repetition rate (25 - 500 KHz), marking 
speed (50 - 3300 mm/s) and number of 
passes were tested. Each mark area is 
about 3~10 mm square size to fit into 
the whole test coupon. 

Process window
The peak laser power density on the 
work piece during pulsed laser scanning 
is given by 
peak laser power density =  
average power ÷ (                )
At low peak laser power density the 
laser-metal interaction is essentially 
heating only, but as the peak power den-
sity increases the heating leads first to 
some oxidation, then melting and finally 
ablation (etching). with corresponding 
changes in corrosion resistance. 

By changing process settings including 
rep rate, spot size and pulse width, the 
laser power density can be optimized for 
production of a corrosion resistant oxi-
dation mark, whereby the surface tem-
perature of the work piece rises above 
the threshold for oxidation but remains 
below the melting point.

Laser spot size
As the above equation shows, laser spot 
size significantly affects power density. 
The optimum temperature for mark-
ing with good corrosion resistance is 
between the thresholds for oxidation and 
melting. Figure 2 shows the simulation 
result for temperature contour at cross 
section perpendicular to the mark line. 

Permanent marking on stainless steels for corrosion 
resistance through control of oxide growth

Hongqiang Chen, Geoff Shannon and Mark Brodsky

MARKING

Laser 
Power 
(W)

Scan 
lens 
(mm)

Spot 
size 
(µm)

M2

SS304 20 160 40 1.9

17-4/7 40 254 90 3.1

Table 1: Laser marking setup

Figure 1: Fibre laser marking of stainless steel (a) SS304, (b) 17-7

rep rate x pulse width
spot area

a b

20



The Laser User       Issue 61, Winter 2011

A small spot size has a much higher 
peak power close to the beam centre, 
with temperatures exceeding the melting 
point (~1500˚C). A larger spot size also 
allows bigger fill gaps for faster through-
put, whilst maintaining sufficient overlap 
between fill lines.

Repetition Rate
According to the above equation, the 
power density can be simply adjusted 
by changing the laser pulse repetition 
rate (rep rate). Due to the very short 
pulse width (10~200 ns) used here, the 
peak laser power density can usually be 
varied from 100 kW/cm2 to 1GW/cm2 at 
low to medium rep rates up to 100 KHz. 
As seen from figure 3, either ablation or 
melting will occur at these power lev-
els. The former produces free iron and 
metallurgy/surface profile changes that 
reduce the laser mark resistance to cor-
rosion. When using the higher rep rates 
only heating with oxidation occurs and 
the work piece surface remains flat and 
smooth. Typically, high rep rate of 200-
500 KHz are required for marks of high 
corrosion resistance. 

Scan speed
As a general rule of thumb, a faster mark-
ing speed is preferred, to improve the 
process throughput and minimize thermal 
damage to samples. However, a high 
rep rate is needed when using fast scan 
speed from 3~5 m/sec to keep enough 
pulse overlap for continuous mark lines. 
After adjusting the rep rate to achieve an 
appropriate power density, the marking 
speed needs to be optimized to achieve 
good overlap (>85%) and an oxidation-
only mark. 

Beam profile 
During laser marking the laser beam 

profile plays an impor-
tant role to achiev-
ing uniform oxidation 
across marking lines. 
Simulation results show 
that it is preferable 
to use a “top-hat” or 
“bowler hat” beam pro-
file for this, rather than 
a Gaussian profile.

Fill gap
The fill gap (spacing 

between filling lines) determines the 
overlap between scan lines and affects 
the mark quality and contrast. Smaller 
gaps are preferred for a dark, uniform 
oxide mark. A 25 µm fill gap produced a 
mark that was good and dark, but with a 
150 µm fill gap the mark faded out. On 
the other hand the small fill gap signifi-
cantly increased the total marking time. 
Luckily the fibre laser’s 500 KHz rep rate 
allowed for scan speeds of well over 
3 m/s, allowing practical processing 
with fill gaps as low as 10 µm.

Scan passes
Higher laser power and slower speed 
produces a rapid temperature rise and 
a fast oxidation layer growth; equally, 
it is easier to overheat and melt the 
mark surface. A better approach is to 
combine a lower power per pulse with 
multiple scans, growing the oxidation 
film layer by layer. Indeed, multiple high 
speed passes with high KHz pulsing 
and smaller pulse energy was found to 
be an effective way of avoiding surface 
melting. The first pass generates the 
beginning oxide growth which acts as a 
seed for propagation of additional oxide 
growth during the following passes.

In figure 1b, the left hand marks corre-
spond to 1 pass, the right hand marks to 
2 passes. Multiple passes have a signifi-
cant effect and provide a more uniform 
oxide layer growth without melting or 
damage to the marked surface.

Passivation and corrosion test
To check the reliability of the dark oxide 
marks, standard passivation (ASTM 
A967-05) and corrosion tests (ASTM 
F1089) were performed. Finally, an auto-
clave cycle was applied to simulate ster-
ilize of multi-time usable surgical tools. 

For most single use stainless medi-
cal tools, a quick passivation test after 
marking is sufficient i.e. if the mark is 
still visible the mark can be considered 
“acceptable”. Laser mark of SS304 and 
17-7 both passed the passivation test, 
showing no sign of fade out and rust 
spots on marked area. 

The marking of reusable surgical tools, 
which are usually made in 17-4 and 
17-7, must pass the corrosion and auto-
claving test. Laser marks on 17-7 kept 
almost all their contrast after the test, 
but some small (~1 mm) pit spots were 
observed that could develop into corro-
sion growth. 17-4 displayed many more 
such “weak spots”, and for almost all 
test conditions the whole mark area was 
found to be heavily rusted.

Conclusion
Pulsed fibre laser shows a good poten-
tial to make dark oxide marks on stain-
less steel medical tools. Corrosion 
resistant marking on SS304 and 17-7 
has been proven but 17-4 presents more 
of a challenge and requires further inves-
tigation. Pulse repetition rates between 
200-500 KHz appear to provide the 
key to corrosion resistant marking and 
also offer improved marking speed and 
throughput. Modelling the mark process 
provides an insight into heat input and 
aids in determining marking parameters.
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Figure 2: Calculated temperature variation with depth for different spot size

Figure 3: Marking results 
at different rep rates 
on SS304. (a) Etching 
@ 25 kHz; (b) Melting @ 
125 kHz; (c) Oxidation @ 
375 kHz
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OPTICS

One of the adverse effects 
that high power, high qual-
ity fibre and disk laser beams 

experience as they travel through 
laser beam delivery optics and 
debris windows is thermal lensing 
[1]. Minimising this is changing the 
demands of the optics used in the 
delivery systems for the near infra 
red. Other aberrations too must be 
minimized to prevent degradation of 
the beam quality. Demands for special 
beam shaping optics is also a consid-
eration, for example in applications 
for high power direct-diode lasers. 

Fused silica is traditionally used for mak-
ing optics in the 1 µm wavelength range, 
offering low cost and low bulk absorption. 
However, fused silica has a very poor 
thermal conductivity and low refractive 
index; also it cannot be diamond turned. 
Fortunately all these shortcomings can be 
addressed by alternative optical materi-
als; in particular a range of optics for 
high power 1 µm laser systems in dia-
mond turned MultiSpectral Zinc Sulphide 
(ZnS MS) and Zinc Selenide (ZnSe).

In particular, ZnS MS offers good thermal 
conductivity, a relatively high index of 
refraction, and the ability to be diamond 
turned. High thermal conductivity enables 
the lens to be more efficiently cooled, 
thereby reducing thermal lensing. A high 
refractive index means that ZnS MS lens-
es can be designed with less spherical 
aberration, which is the dominate aberra-
tion in laser beam systems. 

Material and optical properties
Table 1 provides a list of the critical prop-
erties of four common optic materials. 
Some key factors to consider in choosing 
an optical material are thermal effects, 
price and machinability, and optical 
issues such as scatter and aberrations. 
One approach to material selection for 
CO2 laser optics developed by Reedy et 
al.[2] used Finite Element Analysis (FEA) 
to assess thermal effects and thereby 
assign a Figure Of Merit (FOM) to ZnSe 
and GaAs optics.

Prior to the Reedy et. al., Deutsch [3], 
developed an equation for FOM that 
avoids the need for FEA. For optical 

materials in applications where thermal 
lensing may degrade the process, the 
higher the FOMt, the better suited the 
material is. The equation is: 

where k is the thermal conductivity of 
the optic; β is the total absorption of the 
coated optic; dn/dT is the temperature 
change of refractive index, α is the linear 
expansion coefficient of the material, 
ν is Poisson’s Ratio, n is the index of 
refraction, and p11 is the elasto-optic 
coefficient. The result of the calculation 
for high power 1 µm use, when applied 
to ZnS MS and fused silica, is that ZnS 
MS has the higher figure of merit. Data 
values are shown in Table 2.

For fused silica lenses, most of the 
absorption comes from the coating, 
whereas for ZnS MS lenses the primary 
absorption is within the substrate. 

Ream et al. [6] recently used thermal 
stress FEA to compare fused silica and 
ZnS MS in a 10 kW beam and found 
that under identical mounting and cool-
ing configurations ZnS MS heated less 

but displayed somewhat higher thermal 
distortion. So on a one-for-one optical 
comparison, a perfectly clean fused sil-
ica lens has an advantage over ZnS MS 
in minimizing thermal distortions. 

Optical materials for high power 1 µm lasers
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 Fused Silica  ZnS MS  ZnSe

Mechanical 
Properties

Density (g/cm3) 2.203 4.09 5.27

Poisson's Ratio 0.17 0.27 0.28

Hardness (Knoop) 500 150-165 105-120

Rupture Modulus (dyne/cm2) 5.00E+08 6.90E+08 5.50E+08

Young's Modulus (dyne/cm2) 7.3E+11 7.45E+11 6.72E+11

Thermal  
Properties

Linear Expansion Coefficient (x10-6/°C) 0.55 6.5 7.57

Specific Heat (J/g/°C) 0.703 0.527 0.356

Thermal Conductivity (W/cm/°C) 0.0138 0.272 0.18

Optical  
Properties

Scatter Coefficient at 1.06 µm (/cm) ND < 3% < 0.5%

Scatter Coefficient at 0.6328 µm (/cm) ND < 10% < 3%

Index of Refraction at 1.06 µm 1.4496 2.287 2.483

Temp. Change of Refractive Index  
(x 10-6/°C) @ 1.06 µm

11 42 70

Bulk Absorption (/cm) @ 1.07 µm ~ 0.0001 < 0.0005 < 0.001

K-Values For Lenses: 
     Plano/Convex Lens

0.08994 0.02888 0.02849

     Positive Meniscus Lens 0.07792 0.02051 0.01758

     Equi-Convex Lens 0.11542 0.05494 0.05164

Table 1. Material properties for some common 1.0 μm materials

 FS ZnS MS ZnSe Units

k 0.0138 0.272 0.18 W/cm/°C

β 0.00005 0.00005 0.0001 ---

dn/dT 1.10E-05 4.20E-05 7.00E-05 /°C

α 5.50E-07 6.50E-06 7.57E-06 /°C

ν 0.17 0.27 0.28 ---

n 1.4496 2.287 2.483 ---

p11 0.121 [4] 0.091 [5] 0 ---

FOMt 24 91 21 MW/cm

Table 2. Figure of merit calculations for transmissive 
materials.

Notes:
1. To compare fused silica with ZnS MS the elasto-optic 
values listed for fused silica and ZnS MS at 0.6328 µm 
were used; they should change very little at 1 µm.

2. The calculations for ZnSe are incomplete because 
elasto-optic data was not found. The elasto-optic 
term in the FOM equation, however, has very little 
effect on the results and is therefore ignored for these 
calculations.

3. The absorption values are typical of a few measured 
samples; however, they may vary depending on 
the optic and coating vendor. The absorption 
measurements were performed at II-VI using a 1.07 µm 
fibre laser vacuum calorimeter.
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In addition, Table 1 shows that whereas 
the scatter in fused silica is negligible, 
ZnS MS has <3% scatter/cm of thickness 
at 1.0 µm. The scatter will be in a forward 
direction. For welding applications this 
should not be a problem, but for some 
cutting head designs certain components 
in the head could be affected.

Advantages of ZnS MS for 1 μm optics
Spherical Aberration
Fused silica collimating and focusing 
lenses in 1 µm applications are typically 
made of doublets to compensate for 
spherical aberration. However, thanks to 
the lower curvature required for ZnS MS 
due to its higher refractive index, a sin-
gle lens is sufficient in this material. For 
example, the 4 elements in fused silica 
coupling and focusing units in the fibre 
delivery systems of 1 µm lasers can be 
replaced by a single ZnS MS aspheric 
lenses as illustrated in figure 1; as dem-
onstrated by Ream et al. [6]  

Price and Machinability
Fused silica is a lower cost material than  
ZnS MS. However, for optics of special 
shape, such as faceted integrators and 
diffraction limited aspheres, the cost of 
shaping the material is the major con-
tributor to the total price of the optic; 
this favours ZnS MS, which can be 
diamond machined. This gives the mate-
rial a major price advantage over fused 
silica for custom optics. Taken together 
with the need for fewer components (see 
figure 1) and the resulting lower assem-
bly costs, a ZnS MS optic may well be 
less expensive than the equivalent fused 
silica solution.

Novel Optics
One key advantage of ZnS MS and 
ZnSe optics is the ability to diamond 
turn them into unusual or novel shapes. 
Faceted integrators and fly eyes are 
possible with these materials, for uses 
as beam homogenizers (e.g. for weld-
ing and cladding applications). Figure 
2a shows a typical ZnS MS integrator 
made for a 1 µm applications. Similarly, 
custom toroidal lenses in ZnS MS and 
ZnSe have been made relatively easily 
by diamond turning methods, as detailed 

by Victor et al. [7] Their paper also notes 
that the ZnS MS lens withstood 10 kW 
of laser power, proving the material's 
capability at these high power levels.

Symmetric aspheric lenses for lasers are 
often used to minimise lens aberrations 
but also to modify beam profiles, such 
as transforming a Gaussian to a flat top 
profile. [8] Fly eye and faceted integra-
tors can be used to produce specific flat 
top profiles for laser applications. 

Bifocal lenses and mirrors used in CO2 
laser cutting may be applied with special 
optics to high power fibre laser cutting.
[9] Another novel concept is to add a 
sine wave modulation to the lens surface. 
Figure 2b shows such a lens made for 1 
µm from ZnS MS and figure 3 shows the 
increased depth of focus that results. 

Summary
Traditionally, optics for 1 micron wave-
length are made from fused silica or 
other low cost materials. As high beam 
quality 1 micron lasers advance and 
more demanding applications develop, 
the demand for optics with better ther-
mal properties and optics that can be 
shaped for minimum aberration or spe-
cialty focusing properties will increase. 

Alternative optical materials like ZnSe 
and ZnS MS are available for these 
more demanding high power applica-
tions. Depending on the application, 
today’s laser system designer has a wide 
choice of optic materials. The choice of 
material is largely driven by the applica-
tion. This paper is intended to help the 
designer make informed optical choices.
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Figure 2: 1 μm optics in ZnS MS (a) faceted integrator; (b) sine wave lens

a

a

b

b

Figure 3: Through focus intensity of (a) standard 
focusing lens; (b) sine wave focusing lens.

The horizontal axis is the optic axis and the vertical 
axis plots the intensity across the axis; same 
horizontal scale for each figure.
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In most examples of laser materials 
processing materials for industrial 
applications a simple Gaussian 

beam profile is used. However, for 
many applications this profile does 
not provide the ideal power distri-
bution, yet the difficulty of optimis-
ing the beam profile has prevented 
researchers from further pursuing the 
development of such optics [1]. To 
create the desired power distribution 
using conventional optics requires 
multiple lenses, beam splitters and 
mirrors that must be accurately 
aligned, or masks to remove parts of 
the beam, with a loss of a significant 
fraction of the laser output. This has 
a knock-on effect in terms for the 
capital cost of the laser needed, as 
well as increased maintenance of 
the additional beamline components. 
Diffractive optical elements (DOEs) 
can, however, combine the optical 
functions of these components with 
a single lens, and offer the possibility 
of a greatly improved overall  
efficiency.

While DOEs are widely available their 
use is frequently limited to low laser 
power applications, which restricts 
their use in the industrial world. DOEs 
for CO2 lasers have been in use at 
Loughborough University for a number 
of years where researchers have used 
a 1.2 kW CO2 laser for a welding of 
a variety of materials including metal 
sheet and powders [2, 3, 4] and more 
recently plastics, ceramics and skin [5]. 

The differences in the profile of a track 
of alumina powder are quite obvious 
even to the naked eye, as shown in 
figure 1. When welded using a con-
ventional Guassian beam profile the 
edges of the track are uneven and the 
main profile has a heavy dome shape. 
When processed using a top hat profile 
modified to have increasing intensity 
towards its edge the edges of the track 
are much straighter and the top of the 
profile flatter.

While CO2 lasers still common in indus-
trial applications, 1µm fibre delivered 
lasers are much more popular due to 
their ease of use and delivery. Whilst 
our previous work with DOEs cen-
tred on CO2 lasers, the development 
of efficient optics capable of dealing 
with high power fibre delivered beams 
is desirable. A much wider range of 
materials transmit the shorter wave-
length and as a result the manufacture 
of transmissive DOEs is much easier. 
Such components can be integrated 
into a beam delivery system much 
more easily than their reflective coun-
terparts. Since DOEs are  single ele-
ment devices it is possible to change 
from one to another in a way that is 
similar to the automated tool changing 
mechanisms used in CNC punching 
machines. In the same way, the profile 
of a laser beam could be quickly opti-
mised for cutting or welding with mini-
mal downtime in changeover. 

Design
Transmission DOEs for 1µm 
fibre delivered beams are 
produced by etching into 
fused silica windows (50 mm 
diameter). However, because 
of the relatively low refrac-
tive index of silica, to pro-
duce the required variations 
in phase in transmission the 
features on the DOE need to 
be somewhat deeper than 
the wavelength of the laser 
being used. As a result, 
the computer generated 
hologram on the DOE has 
a highly modulated surface 

that can be seen by eye, despite the 
shallow depths involved, see figure 2. 

Depending on the beam size the indi-
vidual features in the optic can be as 
small as 2 µm. While the maximum 
height of the pattern may be as much 
as 3µm, ramp features can comprise 
up to 256 distinct steps. To ensure 
sufficient quality control in the manu-
facturing process a copy of the Laser 
Optical Engineering company logo is 
embedded into each DOE and accu-
rately measured before the component 
is used. As a non-functional part of the 
DOE this reference structure is not seen 
in the output image.

Testing
Outputs from two optics are shown in 
figures 3 and 4, the first the character 
set ‘LOE’ and the second ‘DOEFLAC’, 
the title of a Eurostars funded project 
investigating improvements in fibre laser 
cutting by using DOE optics. In both, 
the external focusing lens used to pro-
duce the image collected some of the 
noise in the image into a central spot. 

Diffractive optics for high powered fibre delivered lasers
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Figure 1: Alumina powder welded using a 200 W CO2 laser beam 
with a (top) Gaussian  profile and (bottom) a top hat profile modified 
to have increasing intensity towards its edge.

10 mm

Figure 2: (top) Transmission DOE etched in silica 
and (bottom) surface detail measured using an 
optical white light interferometer. The LOE logo 
used as a reference structure can be seen in the 
3D profile.
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It is possible to produce DOEs that pro-
vide the focusing too, but this limits the 
output image to a fixed size: the use 
of an external focusing lens allows the 
image size to be controlled by changing 
the focal length of the lens. 

In this work output images have been 
visualised in three ways: using a stand-
ard digital camera, melting plastic using 
a 200 W SPI fibre laser and using a 
Spiricon CCD beam profiler. Examples 
of these are shown in figure 4. 

As most beam profilers are unable to 
cope with higher laser powers with-
out additional attenuation, burning an 
image into a plastic block can be a 
very simple and easy way of checking 
the beam shape being generated. In 
actual fact the three profiles are seen 
to be very similar for any given optic, 
showing how useful the plastic block 
technique is. In addition to the similar-
ity of the measurements, the simulated 
and actual outputs are seen to match 
relatively well. 

'Spiking' is apparent, both in the actual 
results and in the simulations. This 
is due in part to the design algorithm 
used having been optimised to create 
a high contrast image; the spiking can 
be much reduced, but only at a loss 

in contrast and in the efficiency of the 
optic. 

Since the optics are made of fused 
silica they transmit visible laser beams 
which are frequently used to align beam 
delivery systems. Due to the difference 
in wavelengths the efficiency of the 
optics is lower in the visible spectrum 
with a lot of the energy of the beam dis-
tributed into the background image as 
noise. The change in wavelength also 
causes a shift in the focal length of the 
beam but still produces a clearly visible 
image. Since the image produced by 
the visible laser can be seen it is much 
simpler to use this beam to check the 
alignment of the system as would be 
done with a conventional beam shape 
and then simply offset the focal dis-
tance to compensate.

Applications & discussions
The potential applications for these 
optics is huge: in theory almost any 
laser materials process could benefit 
from using a laser beam with an opti-
mised beam profile. 

At present we are investigating 
improvements in cutting applications 

and hope to start work on powder 
welding applications with 1 µm optics 
in the near future. Both of these proc-
esses have been proved using CO2 
lasers and so we have a good knowl-
edge base to start from. While we have 
a wide range of ideas for potential 
applications and can look at trying to 
improve standard processes we are 
always open to new ideas and chal-
lenges. 

Thanks to Klaus Hansen and Flemming 
Olsen at IPU Denmark and the 
Eurostars E!5197 DOEFLAC program
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Figure 4: Visualisation of the DOE output for the 
'DOEFLAC' character set optic. (top) Simulated 
image reconstruction; (middle) Spiricon beam 
profiler; (bottom) 3D profile generated measuring 
a piece of Perspex melted using the 1 μm fibre 
laser

Figure 3: (top) Simulated and (bottom) actual 
output of the 'LOE' character set. The image has 
been captured using the green alignment laser 
of the system. By modifying a normal camera 
with the appropriate IR filters and neutral density 
lenses it is possible to generate similar images 
using the 1064nm outputs. Transmission DOE 
and surface detail measured using an optical 
white light interferometer. The LOE logo used 
as a reference structure can be seen in the 3D 
profile.

OPTICS

25



The Laser User       Issue 61, Winter 2011

CUTTING

26

Laser cutting is the largest laser 
material processing technology 
deployed in modern industries, 

and the 10.6 μm wavelength CO2 
laser is the most used laser source 
for this process. One advantage 
that lasers have over conventional 
thermal cutting processes, such as 
plasma and flame, is the instantane-
ous energy transfer, and narrow kerf, 
which can result in higher cutting 
speed and therefore lower process-
ing cost. Normally, in the laser cut-
ting process, a minimum focus beam 
diameter is located on or into the 
material surface; depending on the 
laser power density, this leads to 
melting and vaporisation of the mate-
rial. A gas jet, coaxial with the laser 
beam, creates a narrow kerf-channel 
and flushes away the melted volume 
of material; but the process becomes 
less effective as the material thick-
ness increases and conventional inert 
gas laser cutting in the 2 to 6 kW 
power range is restricted to a thick-
ness of less than 30 mm in stain-
less steel. However, using an oxygen 
assist gas jet on carbon steel allows 
thicker material to be cut, since in 
addition to blowing away the molten 
debris the exothermic oxidation reac-
tion can add 25% more energy to the 
cutting process [1].

In a different approach to the normal 
laser cutting process of carbon steel, 
the laser is used to raise the workpiece 
surface temperature to its ignition tem-
perature of around 900oC, at which 
point the exothermic reaction of the 
carbon steel with the high purity oxy-
gen dominates the cutting process. In 
the LASOX process the laser beam is 
defocused on the material surface to a 
diameter equal to or greater than the 
gas jet diameter. A controlled exother-
mic reaction and suitably tailored assist 
gas jet dynamics are the key to achiev-
ing higher cutting speed and a high 
quality cut surface. In the first detailed 
results of the LASOX process, pub-
lished by O’Neill & Gabzdyl [2], a good 
quality cut surface on 50 mm thick 
mild steel was obtained with less than 
2 kW of CO2 laser power. Sundar et al 

[3] established the cut 
quality characteristics 
of the process using 
similar configuration. 
The dominant parame-
ters were cutting speed 
and gas pressure.

Enhancing the LASOX 
process
Following on from the 
earlier work using a 
CO2 laser, the poten-
tial of higher absorp-
tion and the flexibility 
offered by using a fibre 
delivered, shorter 
wavelength Nd:YAG laser (1.06 µm) was 
realised by Harris & Prand [4]. LASOX 
cutting of 50 mm thick carbon steel was 
demonstrated with low and high oxygen 
pressures (acronym LoPOX and HiPOX 
respectively), the latter achieved with the 
laser power as low as 500W. However, it 
was demonstrated that despite the novel 
approach to cutting of 20 mm or 50 mm 
carbon steel the cut mechanism is simi-
lar, and the critical issue was the incident 
laser power density to initiate ignition. 

The arrival of Yb fibre laser technology 
provides the possibility to further reduce 
the optical energy requirements for thick-
section oxygen assisted laser cutting of 
mild steel. The high wall plug efficiencies 
of 25% and excellent beam quality (that 
allows for accurate shaping of the output 
spatial beam profiles) associated with 
fibre lasers, combined with efficient gas 
delivery systems; provide the opportu-
nity to further reduce both the laser and 
electrical power requirements. Exploiting 
these opportunities, we demonstrate the 
preliminary results of cutting of 20 mm 
thick steel plate at laser power levels as 
low as 300 W. 

Optical and nozzle design
A required laser power density to main-
tain the Ignition temperature and a uni-
form pressure from a high purity oxygen 
jet just ahead of the kerf front are critical 
for sustaining the LASOX process. 

The LASOX cut kerf width is usually 
larger than the gas jet diameter and 

cutting speed is dictated by the rate of 
oxygen diffusion and by the extent of the 
temperature isotherms surrounding the 
leading edge of the kerf over which the 
ignition temperature is exceeded. For 
a typical Gaussian profile beam cutting 
at low speed, the majority of the laser 
power may well be transmitted through 
the kerf. However, if the laser power 
density becomes too low at the leading 
edge of the cut then it may not be pos-
sible to maintain the required tempera-
ture gradient at the cut edge. Since the 
central region of the laser beam does 
not contribute to the ignition process 
during oxygen assisted cutting then it 
is better to use a donut-shaped beam 
instead. The ring must contain sufficient 
power to maintain the leading edge of 
the kerf above ignition temperature. An 
Axicon optical system can be used to 
transform a normal Gaussian laser beam 
into such a hollow laser beam, as shown 
in figure 1. The oxygen pressure uni-
formity has a large effect on the stability 
of the cutting conditions. Under or over-
expanded supersonic gas jets can result 
in high pressure shock regions and may 
generate localised oxygen diffusion and 
shear stress distribution along the kerf 
front. This can introduce or enhance sur-
face roughness [5]. For example, higher 
oxygen pressure results in an elevated 
exothermic reaction, which results in a 
larger kerf width and reduces the ability 
of the supersonic gas jet to be fully uti-
lised. This in turn can interrupt the melt 
expulsion, thus affecting the edge sur-
face quality. Lower gas pressure reduces 

Enhanced LASOX cutting with a Yb-fibre laser

Ali Khan, Martin Sparkes, Bill O’Neill, Joanne Flanagan, Andrew Malinowski,  
Johan Nilsson and David Richardson

Figure 1. Schematic of an Axicon optical system. Varying the input laser 
beam diameter DL results in the variation in diameter D0, while D1 remains 
constant. Change in the position of the second Axicon optical element 
changes both diameters D0 and D1, i.e the overall output beam footprint is 
changed, while the ratio between diameters D0 and D1 remains the same. 
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oxygen diffusion and, combined with 
reduced gas momentum, can result in 
insufficient melt expulsion from the kerf

The conventional sonic cutting nozzle 
used in standard laser cutting applica-
tions cannot achieve the uniform pres-
sure needed along the cut front. This is 
because the kerf width is dictated by 
the diameter of the impinging gas jet 
and in the case of a sonic nozzle both 
the pressure and the gas jet diameter on 
the workpiece surface vary with the inlet 
gas pressure and standoff distance [6]. 
By comparison an efficiently designed 
supersonic nozzle with a curved internal 
wall contour compensating for the devel-
opment of a boundary layer provides a 
uniform stable gas jet, impinging on the 
workpiece surface for similar standoff 
distances [7]. 

As a result of these considerations, 
a new LASOX cutting system was 
developed, comprising an axicon optical 
system (an axicon pair plus a variable 
beam expanding telescope (VBET)) and 
a Precitec cutting head with uniform 
supersonic gas nozzle. The set-up is 
shown in figure 2. We refer to this new 
cutting method using a donut-shaped 
optical beam as High Efficiency Gas 
Assisted Cutting (HEGAC). 

Axicon performance 
For the measurements that follow a sin-
gle mode Yb-fibre laser was used with 
an output collimated beam diameter DL 
of 5 mm, delivering a power of 100W. 

For measurement of focused spot size 
over 90% of the laser beam from the 
Axicon system was reflected into a beam 
dump using a series of beam splitters, 
and the remaining 10% was focused into 

a Spiricon beam profiling system. The 
Spiricon showed that it was possible 
to achieve a focus diameter of approxi-
mately 0.1 mm with the 50mm focusing 
lens and allowed us to assess the quality 
of the donut beams generated. 

A series of images captured for various 
Axicon positions and VBET magnifica-
tions revealed that good quality donut 
modes could be generated using our 
integrated optical assembly. However, 
in the course of making these measure-
ments it became clear that the mode 
quality was extremely sensitive to any 
angular tilt of the input beam relative to 
the Axicon axis; a tilt as small as 0.55º 
having a significant effect on the uniform-
ity of the width of the annulus. We note 
that with recent developments in optical 
fibre technology it should be possible to 
tailor a holey fibre to produce a hollow 
laser beam directly without the need for 
Axicon optics - eliminating such align-
ment issues, minimising the number of 
optical elements required and reducing 
the scope for other 
beam degradation 
mechanisms such 
as thermal lensing.

Results
A 30 mm focal 
length lens capable 
of withstanding 
8 bar oxygen gas 
pressure was used 
to perform the 
cutting trials. The 
material used for 
all trials was 20mm 
thick low carbon 
grade 43A mild 
steel. A laser power 
of 400 W was used 

with a 1.2 mm throat diameter nozzle, but 
we found thermal lensing to be a major 
issue, causing significant spatial distortion 
of the focal spot both axially and later-
ally. Therefore, a larger nozzle of 1.5 mm 
throat diameter was used instead, which 
avoided any beam clipping. 

In figure 3 the cutting process for each 
sample proceeds with the cutting direc-
tion from right to left, and it was noticed 
that not a single cut sample had a sta-
ble starting edge condition. It can also 
be seen that HEGAC conditions could 
not be established at lower standoff 
distances and cutting speeds. The cut 
surface contains irregularly spaced 
holes (referred to as self-burning cuts) 
of diameter much larger than the gas 
jet diameter; there are several possible 
causes for this irregular cutting but the 
most likely is non-uniformity of the laser 
beam annulus due to the tilt angle sensi-
tivity of the Axicon assembly mentioned 
previously . However, increasing the 
standoff distance and the cutting speed 
suggests that conditions of stable cut-
ting were being approached.

Trials were repeated increasing the input 
laser beam diameter DL from 14 mm 
(VBET=2) to 22.19 mm (VBET=3.17) for 
a fixed Axicon setting. This variation in 
the VBET settings only alters the inner 
diameter D0 from 20.7 mm to 8.3 mm, 
while maintaining fixed outer annulus 
diameter of 24 mm on the focusing 
lens. Depending on the focusing optics, 
the width of the impinging annulus laser 
footprint on the material surface can eas-
ily be adjusted. Figure 4 (upper) results 
are similar to those of the previous trials, 
showing that lower cutting speed and 
smaller standoff distance produced an 
unstable HEGAC regime. However, sig-
nificant improvement in the cut surface 
quality was obtained over a much larger 

Figure 2. Illustration of the Integration of the HEGAC system. It combines a 400W SPI Yb-fibre laser 
with an integrated beam collimator coupled to a three optic VBET (magnification 0.5x to 8x). The Axicon 
systems were designed using optical software (Zemax) and manufactured externally. The Yb-fibre laser 
and all optical systems were connected to a Precitec YR-30 cutting head, with modified optics and 
nozzle assembly. 

Figure 3: HEGAC processes map for a range of cutting speeds (vertical) and 
standoff distances. The photos show the cut edges obtained using a VBET 
magnifiction of 2 with a 1.5 mm throat diameter nozzle and an assist gas 
pressure of 8 bar oxygen. 
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range in cutting speed. More consistent 
cut surface quality was achieved at a 
standoff distance of 2.5 mm. The starting 
edge at the standoff distance of 2 mm, 
illustrates that there is an acceptable 
width range for the impinging hollow laser 
beam and that the inside diameter D0 
must be smaller than the gas jet diameter 
for a stable HEGAC process. 

To further assess the performance of the 
HEGAC process the VBET magnification 
was increased to 3.6, which reduced the 
inner diameter to 6.3 mm and increased 
the annulus width to 17.7 mm. The cut 
surface quality obtained is seen to be 
worse. This increase in the annulus width 
suggests that there is a required laser 
power density for the ignition process to 
start and required ignition temperature 
isotherms to maintain the stability of the 
exothermic reaction just ahead of the 
kerf front. Therefore, if the inner diameter 
was reduced to zero, it is highly likely 
that the cutting process would cease 
at this power level; thus demonstrating 
the capability of the HEGAC process. It 
is entirely possible that the self-burning 
process is the result of too much energy 
or surface temperatures above the igni-

tion point. This coupled with an une-
ven laser intensity distribution in the 
annulus ring, could result in gouging 
of the surface.

To assess the low laser power lim-
its of the current HEGAC process, 
the VBET was reset to 3.17, where 
the best cutting performance was 
obtained. The laser power was 
reduced to 300 W and the assist 
gas pressure to 7 bar. HEGAC 
processing results are shown in 
figure 5. With a lower laser power, 
assist gas pressure and cutting 
speed, the cut quality obtained 

was superior, even though the standoff 
distance was higher. The best result 
obtained was at a cutting speed of 
3.5mm/s. However, the processing win-
dow was much narrower than at a laser 
power of 400W.

Conclusion
We have demonstrated an enhanced 
LASOX process with reduced laser 
power requirements exploiting laser 
beam shaping and optimised supersonic 
nozzle designs. We have also shown 
that the use of an Axicon-based opti-
cal system provides a convenient and 
flexible means of generating the hollow 
laser beams required. From our meas-
urements it appears that there is range 
of ratios of outer to inner diameter of the 
hollow laser beam, between 2.5 to 4 for 
before the focusing lens, where a stable 
cutting process can be obtained. It is 
believed that over this range the surface 
temperature gradient allows a well-con-
trolled exothermic reaction. Additional 
control over the cutting process is 
possible at smaller standoff distance 
by increasing the overall hollow laser 
beam diameter above 24 mm. Using 

our current system, we were able to 
demonstrate the cutting of 20 mm thick 
mild steel plate with laser powers as 
low as 300 W, representing a significant 
improvement relative to current the state 
of the art and with further reduction likely 
with improved beam shaping optics.
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Figure 4. HEGAC processes map for a range of cutting 
speeds (vertical) and standoff distances. The photos show 
the cut edges obtained with a 1.5 mm throat diameter 
nozzle, an assist gas pressure of 8 bar oxygen and a VBET 
magnifiction of: (upper) 3.17 and (lower) 3.6.

Figure 5. HEGAC processes optimisation 
with VBET setting of 3.17. 
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MICRO-PROCESSING

The interaction of pulsed laser 
radiation with matter is deter-
mined by pulse duration, pulse 

fluence and specific properties of the 
material such as the density, the heat 
conductivity, etc. These parameters 
affect the quality and process efficien-
cy of micro machining applications on 
macroscopic areas. For laser micro 
machining applications on metals and 
semiconductors it is well known that 
a pulse duration in the sub-ns range 
is necessary to achieve high surface 
quality and precise surface structur-
ing [1, 2, 3, 4]. For such applications 
a laser pulse of order 10 picosecond 
(ps) provides a good compromise 
between quality and industrial usage. 
Ablation rates for such pulses are 
lower than for those of nanosecond 
duration but the quality of the ablated 
structures, as well as the process res-
olution, is much better and close that 
achieved by femtosecond (fs) pulses. 

Beside offering excellent machining 
quality, fs and ps duration pulses offer 
very low ablation rates, in the range of 
several tens to a hundred nm depth 
removal per pulse. As a result, process-
ing times of several hours are common, 
a level that is not industrially practicable. 

Increased demand for high area through-
put micro machining applications has 
recently led to the development of new 
high-power ultra-short pulse laser sourc-
es [2, 3, 4]. For such lasers the material 
processes are often limited by damage 
threshold; and especially when high 
quality laser ablation is required and/or 
damage must be kept low, the available 
laser power is likely to exceed demand 
by orders of magnitude [5, 6]. The solu-
tion to this predicament is to apply 
multi-spot technology e.g. by using a 
Diffractive Optic Element (DOE) to sepa-
rate the incident laser beam into several 
laser spots, each with the characteristics 
of the original beam except the power 
[7]. One such proven industrial applica-
tion is cutting Silicon wafers. It utilises a 
fixed optical setup with a fast linear axis, 
but speed and flexibility are limited [8].

To fulfil the upcoming requirements for 
micro-machining applications (e.g. solar 

cell processing and 
surface structuring of 
compressor blades) fast 
and flexible multi-spot 
micro-processing by 
DOE can be used in 
combination with high 
speed galvanometer 
scanning. In this way the 
available laser power 
and repetition rates can 
be fully utilised on the 
workpiece and, finally, 
industrial micro machin-
ing applications can be 
addressed.

Basic considerations
Ablation rate per pulse
Figure 1 shows the measured average 
ablation rate against the fluence per 
pulse (Jm-2) for the case for crystalline 
Silicon and Aluminium for ps pulses. 
Analogous to the results with fs pulses, 
the use of picosecond pulses leads to 
two characteristic penetration zones: one 
optical, the solid line fit, and the other 
thermal, the dotted lines. 

Within the optical zone the heat conduc-
tion beyond the optical penetration depth 
is negligible; resulting in a low ablation 
rate (in figure 1, about 0.1 µm/pulse) but 
a high edge and surface quality. Within 
the thermal penetration zone a significant 
part of the absorbed pulse energy is con-
ducted beyond the optical penetration 
depth and leads to further ablative inter-
action. The advantages of higher abla-
tion rates up to 1 µm/pulse and above is 
coupled with a clearly 
reduced surface qual-
ity and the formation of 
burr as well as melting 
zones along the irradiat-
ed areas. The transition 
fluences between these 
zones for crystalline 
Silicon and Aluminium 
between 3.0 and 4.0 
Jcm-2, corresponding to 
pulse energies between 
10 and 50 µJ. Below 
this transition fluence 
the ablation is charac-
teried by high quality.

Ablation efficiency per pulse
Ablation efficiency at a particular fluence 
per pulse is defined here as the ablation 
rate (removed depth per pulse) divided 
by the fluence per pulse.

Figure 2 shows the ablation efficiency 
for crystalline silicon and aluminium 
according to given ablation rates from 
Figure 1. For both materials the high-
est efficiency can be observed for low-
est fluence values in the range of few 
100 mJcm-2 and clearly below the tran-
sition fluence area.

This characteristic behaviour has also 
been observed in other materials such 
copper, tungsten, germanium or Silicon 
carbide. At low fluences it can be 
explained by increasing losses resulting 
from heat conduction and at higher flu-
encies by plasma shielding effects.

High throughput micro-machining by parallel processing

Oliver Haupt, Frank Siegel and Rainer Kling

Figure 1: Average ablation rate aP vs. laser fluence per pulse HP for 
crystalline Silicon and Aluminum using pulses of ps duration. 

Figure 2: Ablation efficiency ΔP vs. laser fluence HP for crystalline silicon 
and aluminium using pulses of ps duration
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Experimental
Splitting laser beams can be realized by 
refractive and diffractive optics or reflec-
tive spatial light modulators [9, 10, 11]. 
The advantage of the Diffractive Optic 
Element (DOE) is its thin structure and 
corresponding low weight. Its (optical) 
material of construction can be selected  
according to the laser wavelength. In 
the present context, commercially avail-
able DOEs can provide spot patterns, 
either in a line or a two dimensional 
array [7, 12]; for example 1 x 81 or 15 
x 15, are commercially available on the 
market. Figure 3 illustrates a 1 x 3 linear 
spot array produced by a phase DOE. 
These devices have enormous near-term 
potential [12].

The minimal efficiency of phase DOEs 
is approximately 70 % for an AR coated 
element [7]. A combination of fused 
silica substrates with common AR coat-
ings leads to high power thresholds of 
about 10 J/cm², fulfilling the fundamen-
tal requirement for high peak power ultra 

short pulse laser use for 
high area throughput 
micro machining. 

Beside the distribution 
of available laser power, 
the progressive increase 
of repetition rates needs 
also to be adapted to 
micro machining appli-
cations. This can be 
achieved using a com-
bination of DOE and 
laser scanner, as shown 
in Figure 4 in which the 

DOE is positioned as a fixed element 
directly in front of the galvo mirror scan-
ner. The distance between the spots 
behind the DOE is given by the sepa-
ration angle of the DOE and the focal 
length f.

Results and Discussion
Two exemplary applications for micro 
machining over macroscopic areas using 
multi-spot technology are described 
below: the preparation of crystal-
line silicon solar cells for photovoltaic 
applications (laser parameters λ = 515 
nm, τP = 7.3 ps), and the extensive 
micro structuring of metal compressor 
blades for fluidic uses (laser parameters 
λ = 1064 nm, τP  = 11.8 ps).

Solar cells (crystalline silicon)
Crystalline Silicon solar cells are par-
ticularly sensitive to laser processing 
damage which reduces efficiency and 
increases risk of breakage. On the other 
hand there are some laser based proc-
esses that improve the efficiency of the 

solar cell, and laser edge isolation, 
laser drilling for Metal Wrap Through 
(MWT) and Emitter Wrap Through 
(EWT) are now established. Another 
laser application in this context is the 
selective opening of the dielectric 
layer for direct metal deposition or 
the opening of etching layers. The 
speed of these processes is a limit, 
causing long cycle times; for exam-
ple, on a solar cell with the approxi-
mate dimensions of 156 x 156 mm2 
there are 1.1⋅108 single spots to 
be ablated. Using a common laser 
setup with a single spot and a scan-
ner the processing time exceeds 
10 minutes which is not industrially 
applicable. Moreover, reduced dam-
age during ablation is necessary.

The results in figure 1 for crystalline 
Silicon shows an optical penetration 
zone in which damage is reduced 

if not eliminated. With a measured spot 
diameter of dB = 23.4 µm the meas-
ured transition pulse energy is EP-trans 
≈ 12.8 µJ. This pulse energy is much 
lower than the maximum pulse energy 
provided by the laser system.

A comparison DOEs of single spot, 3, 
and 7 spots was carried out in which 
the pulse energy in front of the DOE was 
raised according to the number of spots, 
so as to maintaini a constant pulse ener-
gy in each. However, the losses were 
different for each DOE and comparisons 
of ablation depth indicated that whilst 
the losses for the single and 3-spot DOE 
were close, the losses in the 7-spot 
DOE was significantly approximately 70 
% higher. For this DOE measurements 
also found a significant variation (up to 
50%) in the distribution of pulse energy 
between the 7 spots, as indicated by the 
different spot ablation rates

It has already been noted that 1.1⋅108 
single spots to be opened in the SiNx-
layer coating in the manufacture of a 
156 x 156 mm2 solar cell, to create a 
light trapping surface. This is shown in 
figure 5, where the ablated spots and 
the subsequently etched surfaces are 
compared. The spots were scribed with 
a feed rate of 1200 mm/s, limited by the 
scanner performance, and a repetition 
rate of 40 kHz, producing spots with a 
separation of about 15 µm. With these 
process parameters a laser processing 
time of approximately 22 minutes for a 
156 x 156 mm² solar cell was achieved, 
which is still much to low from an 
industrial point of view. However, using 
a commercially available DOE that cre-
ates 81 spots in one line , allows fuller 
utilization of the maximum 70 µJ 400 
kHz laser output to be used. In this way 
the processing time can theoretically be 
reduced from 22 minutes to 16.3 sec-
onds! Furthermore, a factor of 3 improve-
ment in scanning speed is possible, more 
fully utilising the 400 kHz repetition rate 
of the laser and further reducing the cal-
culated processing time to 5.4 seconds. 
The limiting factor is the maximum scrib-
ing speed of common laser scanning 
systems. 
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Figure 3: Measured energy distribution before and after beam splitting 
using a 1 x 3 phase Diffractive Optic Element (DOE). 

Phase DOEs are based on complex micro structures on transparent 
materials, where diffraction in the transmitted beam. In this example the result 
is beam splitting. 

Figure 5: Partially opened SiNX-layer before and 
after isotropic etching using CP4. 

The pulse energy used was 0.67 µJ and the spot 
diameter was 23.4 µm, resulting in a damage free 
and high quality successful ablation of the SiNX layer.

Figure 4: Experimental setup for high area throughput micro 
machining.
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MICRO-PROCESSING

Riblets on compressor blades
The second example of multi-spot laser 
micro-machining is the creation of exten-
sive Riblet-structures on compressor 
blades. Riblets are channel structures 
aligned with the gas glow across the 
blades to reduce skin friction and wall 
shear stresses in turbulent flow, by up to 
10% as compared to smooth surfaces; 
they are used for instance on airplanes 
and wind energy plants [13, 14]. The 
desired geometry and dimensions are 
shown in figure 6.

The Riblet-structures in figure 7 were 
realized by scanning a single focused 
laser beam line by line. The line separa-
tion is of, the order of the spot diameter. 
The SEM picture in figure 7 shows the 
result for a fluence clearly above the 
transition fluence. For this fluence the 
required ablation depth of 20 µm could 
be achieved over an area throughput of 
about of 0.1 mm2/s, but note the molten 

material of the riblet tips; 
such structures would be 
rapidly destroyed under 
high thermal or mechani-
cal stress. By contrast 
the riblets were gener-
ated at lower fluence 
achieved the required 
ablation depth of 20 
µm with a resulting area 
throughput of nearly 
0.07 mm2/s without signs 
of thermal damage. The 
scribing speed of about 
200 mm/s was limited 
to 50 kHz in order to 
achieve a pulse overlap 
of 90%; and resulting 
in a processing time 
of about 30 to 40 h to 
complete the NACA 6510 
profile. This is at least 
one order of magnitude 
too slow for industrial 
demands. However, par-

allel processing using a commercial 81 
or 225 (15 x 15) spot DOE and an ultra-
short pulse laser source providing 3.75 
mJ per pulse, which is entirely conceiv-
able, an increase in throughput of 5 to 
20 times is feasible, providing scribing 
speeds can be improved. .

Conclusion and Outlook
This paper demonstrates for the first 
time that a combination of a fast and 
flexible scanner system and a multi-spot 
DOE can achieve optimal ablation behav-
iour while reducing processing time by 
at least one order of magnitude; making 
processing time for large area cover-
age (eg for ablation of etch barriers on 
crystalline solar cells and riblets on com-
pressor blades) industrially feasible. A 2D 
element is much more efficient than a 1D 
element for large area coverage but for 
deep grooves or defined structures a 1D 
element is better. For further increase in 
system flexibility the DOE must be held in 

a rotatable mount under 
scanner control.
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Figure 6: Calculated ideal riblet geometry and dimensions profile, a 
NACA 6510 compressor blade profile made of chromium steel X20Cr13 
with a chord of length 90 mm and width 120 mm. [13] 

Figure 7: Ablation behaviour and resulting rates for X20Cr13 as well as 
characteristic Riblet quality
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In March 2009, the UK’s Nuclear 
Decommissioning Authority award-
ed TWI a contract to develop proto-

type equipment, in order to effectively 
demonstrate the twin processes of 
concrete scabbling1 and tube cutting 
and how these technologies might be 
implemented for remote use in nucle-
ar decommissioning environments.

Contaminated concrete and pipework 
present major decommissioning chal-
lenges in terms of the total volumes 
of material to be treated, the radiation 
levels present and the number of facili-
ties affected. This paper describes the 
results of the work on concrete scab-
bling. The results of the work on tube 
cutting were described in The Laser 
User Issue 60, p30.

A number of concrete decontamination 
techniques have so far been evaluated 
and whilst water jetting or mechanical 
scabbling are potential options, each 
have drawbacks such as the generation 
of significant secondary wastes or the 
need for extensive control and deploy-
ment systems. Concrete decontamina-
tion by means of laser scabbling has 
the potential to avoid many of these 
drawbacks. As most of the contamina-
tion resides in a surface layer only a few 
mm thick, removing this means that the 
remaining concrete (often up to a metre 
thick) can be removed/demolished much 
more cheaply using conventional tech-
niques. However, whilst laser scabbling 
has already been demonstrated in the 
laboratory, see for example [1-5], to date, 
no representative demonstration has 
been provided which would give industry 
confidence in using the technique. 

The major reason for the limited use of 
lasers in decommissioning is that histori-
cally, industrial lasers have been consid-
ered unreliable and not suited to on-site 
nuclear decommissioning environments. 
However, the advent of robust, high 
power multi-kW lasers whose beams 
can be transmitted down optical fibres, 
has provided a more realistic opportunity 
for use of lasers in decommissioning 

applications. Power from a fibre or disc 
laser can be transmitted via several hun-
dred metres of fibre optic cable; hence 
the laser unit can be located some dis-
tance from the active area of operations. 
As a result there is no risk of contami-
nation of this high value asset, which 
can therefore be reused on a number of 
decommissioning tasks so spreading the 
capital cost of the equipment.

Chosen laser source
A key parameter in most laser proc-
esses is of course the power density 
in the beam applied to the surface of 
the material in question. In the case 
of laser scabbling a relatively modest 
power density is required and a direct 
diode laser would be a good solution, 
offering even better efficiency than a 
fibre laser. However, a 5 kW multimode 
industrial fibre laser was chosen for this 
work simply because it was capable of 
performing not only concrete scabbling 
but other laser based decommissioning 
processes, such as cutting.   

The scabbling process
In the laser scabbling process, the laser 
beam is applied to the surface of the 
concrete and its energy is absorbed, 
heating the concrete matrix and the 
concrete aggregate. Expansion of 
residual water vapour, probably in both 
the matrix and aggregate, and differen-
tial expansion between aggregate and 
matrix, causes the concrete to break up 
in a highly energetic fashion, leaving a 
rough scabbled surface, consisting of 
matrix and aggregate. Figure 1 is a still 
image, taken from a high speed video of 
the scabbling process. In this case, the 
concrete contained limestone aggregate.

Effects of concrete aggregate
Concrete is composed of a mix of 
hydraulic cement, water, a fine aggre-
gate, sand and a coarse aggregate. A 
broad, typical formulation is: cement 
350 kg/m³, water 170 kg/m³, sand 
750 kg/m³, coarse aggregate 1150 kg/
m³ and nominal density ~2400 kg/m³. 
The cement chemically reacts with the 
water to produce an inorganic complex 
matrix of calcium silicates with smaller 
amounts of calcium aluminates and alu-

mino-silicates, all of which are essentially 
inert and durable materials; this binds 
the aggregates to form a hard durable 
material. This process also results in the 
formation of up to about 20% weight in 
the cement of hydrated lime (calcium 
hydroxide); the amount depends on 
the specific cement type used. There is 
always a proportion of free water and 
loosely bound water in new and aged 
concrete, the quantity depending at 
least, on time, the amount initially added 
and the quantity of cement in the mix. 
The sand and aggregate less than 4 mm 
size (approximate diameter) is normally 
natural material, with over 90% siliceous 
content, although some concretes have 
a proportion of sand replaced by a 
crushed, fine limestone.

The coarse aggregate, which forms the 
largest volume fraction of the concrete, 
up to 80%, generally varies with the 
regional location and availability. This 
is size graded in increasing proportions 
between 5 and 20 mm, (approximate 
diameter) although some early massive 
nuclear structures are believed to include 
a proportion of 40 mm material. Three 

Lasers for surface removal of contaminated concrete in 
the nuclear sector

Paul Hilton

1 scabbling: a mechanical process of remov-
ing a thin layer of concrete from a structure.

Figure 1: Frame from a high speed video image 
of the laser scabbling process, demonstrating 
the energetic nature of the process. 

The video image is taken through a polycarbonate 
tube, the laser beam is incident downwards and 
has a diameter of about 60 mm when its hits 
the concrete surface. The speed of the concrete 
particles leaving the surface was estimated to be 
about 18 m/sec.
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generic types of aggregate are used, 
namely: limestone, basalt (an igneous 
rock) and quartzite (high in silica and 
mixed gravels; also known as siliceous).

For the trials reported in this section, the 
laser power was fixed at 4000 W. Three 
different laser spot sizes were used, of 
65, 43 and 23 mm diameter, correspond-
ing to laser power densities from 120 to 
960 W/cm2 incident on the concrete sur-
face. Single passes were made with the 
surface of the samples both dry and wet. 

Siliceous Aggregate
Figure 2 shows the results for single 
passes of the laser beam at two spot 
sizes (43 and 23 mm) at a range of 
speeds for a dry surface.

At the higher power density (smaller 
spot size), figure 2 shows differ-
ent degrees of surface vitrification at 
all speeds between 0.1 and 1.4 m/
min, with speeds below 0.2 mm/min 
producing particularly hard surfaces, 
white and black in colour. At the lower 
power density very little scabbling was 
observed for any speed between 0.1 
and 1.4 mm/ min, though at the lowest 
speed some surface vitrification could 
be seen, parts of which were very hard. 

Basalt Aggregate
The results reported for basalt aggregate 
relate to 4000 W and a laser spot size 
of 43 mm diameter, corresponding to a 
laser power density of 280W/cm2 inci-
dent on the concrete surface. Passes 

were made with the surface 
of the samples both dry 
and wet. 

Figure 3 shows the effects 
of a series of single passes 
of the beam over the con-
crete surface, at speeds 
from 0.05 to 0.3 m/min. 
For speeds at and below 
0.1 mm/min, significant 
surface vitrification was 
producing, creating a very 
hard black glassy result. 
Wetting the surface did 
not improve the situation, 
as can be seen if the two 
passes at 0.1 m/min are 
compared. No additional 
work was performed on this 
type of concrete.

Limestone Aggregate
It was obvious from the first 
results with this concrete, 
processed with a 65 mm 
spot, that scabbling was 
occurring, characterised by 
the spalling of significantly 
large pieces of concrete 
at high expulsion velocity, 
leaving a scabbled surface 
that showed no vitrification. 

Figure 4 shows the effects after scab-
bling. In this photograph no brushing 
or cleaning of the surface has been 
performed. In particular the run on the 
right of the picture is a single pass at a 
speed of 0.1 mm/min, while the central 
run corresponds to a double pass, one 
on top of the first, at the same condi-
tions and travel speed. 

The scabbling head
For effective use of the scabbling proc-
ess for decontamination the laser beam 

clearly must move with respect to the 
concrete surface and the ejected debris 
must be contained. In this work, the 
former was achieved by the use of an 
articulated arm robot and the latter by 
enclosing the process and using a large 
pump and filtration system to recover 
the debris.

A photograph of the scabbling head 
showing its major components can be 
seen in figure 5. The optical fibre deliver-
ing the output from the laser light was 
fed via a fibre of 0.6 mm core diameter, 
to a conventional set of optics employ-
ing a 160 mm focusing lens. The laser 
light was brought to a focus at a small 
aperture and then allowed to expand to 
a diameter of about 60 mm at the base 
of a debris collection/recovery tube. This 
aluminium tube, about 150 mm in diam-
eter, was terminated round its circumfer-
ence by a steel wire brush, in contact 
with the concrete surface. The aperture 
and the region through which the beam 
passed below the focusing lens were 
both protected by jets of compressed 
air which, together with possible con-
tamination of the optical elements, was 
continuously monitored. If contamination 
occurred a warning signal was automati-
cally generated. If the compressed air 
failed, the laser beam was prevented 
from being released.

Figure 2: Siliceous aggregate. Laser passes at 
4000 W on a dry surface

   0.5   1.0      0.1       1.4   1.4   1.2   0.8   0.4    0.2    0.1 
                              travel speed (m/min)

[ spot size 43 mm ]   [             spot size 23 mm             ]

      0.1              0.05           0.1          0.2             0.3
                              travel speed (m/min)

Figure 3: Basalt aggregate. Laser passes at 
4000 W using a 43 mm diameter spot size.

100 mm
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100 mm

Figure 4: The scabbling process on concrete 
containing limestone aggregate
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Figure 5: The scabbling head
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The top of the aluminium tube was con-
nected to a long flexible hose and hence 
to a pumping system which removed 
the concrete debris as it left the surface 
of the material. The complete scab-
bling head was mounted on the arm of 
an articulated robot, which was itself 
mounted on a linear gantry some 6m 
in length. The scabbling process and 
effective debris removal requires the 
process head to be at all times roughly 
perpendicular to and at a constant dis-
tance from the concrete surface. The 
6 axes of motion offered by the robot 
allows this to be achieved. However, 
the scabbling head was also equipped 
with its own vision system. A combina-
tion of low power lasers and a camera 
were mounted on the side of the scab-
bling head. The information recorded by 
the camera was interpreted by software 
and the results fed back automati-
cally to the robot controller. In this way, 
once a scabbling area has been set 
and the head driven to its approximate 
start position, the vision system and its 
feedback to the motion controller of the 
robot, will automatically maintain both 
the attitude of the head perpendicular 
to the concrete surface and a constant 
stand off distance, as the scabbling 
process proceeds. 

Experimental results 
Figure 6 indicates that removal rate 
is approximately proportional to laser 
power up to at least 5 kW. This is for 
limestone aggregate, as are all results 
presented in this section. 

At 5 kW power this system has removed 
material to a depth greater than 10 mm, 
over a surface equivalent to one square 
metre, in a time of 110 min. A single 
pass of the process results in a scabbled 
‘trough’, reflecting the approximately 
Gaussian distribution of the laser power 
density at the concrete surface. A slower 
scan speed will generally result in a 
deeper scabbled section, as shown in 
figure 7. For concrete containing lime-
stone aggregate, the deepest section 

has been measured at 22 mm, using a 
laser power of 5 kW and a travel speed 
of 0.1 m/minute. For removal of large 
surface areas, a track overlap of 50% 
proved to be the most effective for pro-
ducing a roughly uniform depth. 

The process was independent of the 
attitude of the concrete. Figure 8 is a 
still image taken from a video sequence 
showing the system operational in the 
removal of a 1 x1 m2 section of con-
crete to a minimum depth of 10 mm, 
using a single pass. Note the effective-
ness of the debris removal system. Also 
seen in this image are the laser stripes 
(a third is not visible in this frame) used 
to measure the concrete surface topog-
raphy. Re-scabbling over an existing 
track is possible and does result in an 
increased removal rate. However, in mul-
ti-pass processing of the same track the 
amount of concrete removed is seen to 
drop with each successive pass (e.g. at 
5 kW laser power and 0.3 m/min travel 
speed the maximum depths of scabbling 
recorded for three successive passes 
were 10, 18 and 22, respectively). 

Surface contaminants such as grease 
and paint were found to have no effect 
on the scabbling process.

Conclusions
This work has demonstrated a sophisti-
cated system for concrete scabbling, It 
was shown on five occasions last year 
to groups of Interested parties In the 
nuclear sector. It is felt little additional 
work would be needed to implement the 
techniques and equipment developed in 
a contaminated environment. The work 
has also shown a significant perform-
ance dependence based on the type 
of aggregate in the concrete used. For 
concrete with a limestone aggregate, a 
5 kW laser can remove 1m2 of surface 
to a minimum depth of 10 mm in under 
two hours. Coverage can be increased 
by either reducing the depth of removal 
or by increasing the laser power. For 
other types of aggregate, which show 
less reaction to the laser than limestone, 

scabbling is not so effective and further 
work is required to optimise perform-
ance.
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The PV roadmap: strongly dependent 
on laser technology

David Clark

David Clark’s excellent article summa-
rizes some of the key laser scribing and 
drilling processes which are either in 
production already or being developed to 
make solar cells more efficient. Driven by 
the huge potential of the PV industry for 
bulk electrical power generation, many 
major manufacturers of high power lasers 
have been closely engaged with PV cell 
manufacturers and their system integra-
tors. For example, at the recent European 
Photovoltaic Solar Energy Conference 
and Exhibition held in Valencia, Spain in 
September, several laser and tool suppli-
ers as well as manufacturers of PV cells 
showcased their products and associated 
laser processes.

Over the past 5 years laser sources, 
beam delivery systems and parts han-
dling have undergone continual optimi-
zation in order to achieve high process 
quality, part throughput and ROI. All 
these features are of paramount impor-
tance if the PV industry is ever to obtain 
its holy grail of achieving grid parity 
within the next few years. Such commer-
cial viability for bulk electricity production 
will enable it to move on from the some-
what artificial environment of government 
capital grants, tax incentives and favour-
able tariff feed-in rates which it currently 
enjoys. To do so will require a substantial 
reduction in manufacturing costs coupled 
to great improvements in solar-electrical 
power conversion efficiency. As David 
points out, laser material processing is 
likely to be key for furthering substantial 
progress on both fronts.

Incidentally David doesn’t mention the 
perhaps less technically interesting area 
of laser marking of crystalline silicon solar 
cells which has been shown to improve 
quality control and production efficiency. 
It is at the moment the most common 
use of lasers in the manufacture of such 
types of cells. Nevertheless, he has pro-
duced a very engaging article highlighting 
many of the key current and future appli-
cations for laser materials processing in 
the ever increasing variety of PV devices.

Malcolm Gower   Imperial College

Permanent marking on stainless steels 

Hongqiang Chen et. al. 

Any work on corrosion resistant laser 
marking of stainless steel is welcomed. 
However, corrosion resistance may only 
be a small part of complying with stand-
ards created for the marking of medical 
instruments. The latest specification that I 
have received for this type of work stipu-
lates that the mark must be:

• Compatible both with the materials 
of construction of the instrumenta-
tion and the decontamination proc-
esses undertaken in the Central 
Decontamination Units of the Trust or 
by its nominated subcontractors.

• It should not compromise the intrin-
sic integrity of the medical device 
during repeated decontamination or 
its intended use.

• The supplier or their nominated 
subcontractor shall, therefore, sup-
ply documented evidence that the 
marking method does not intrinsically 
change or inhibit the safe and intend-
ed use and repeated decontamina-
tion efficacy of the medical device.

• Documented evidence should be 
provided for each group of instru-
mentation according to material of 
construction

• There should be a formal written 
agreement provided to the purchaser 
from the supplier and/or their nomi-
nated subcontractor as to the legal 
and financial liability of each party in 
the event that the marking method 
intrinsically changes or inhibits the 
safe, intended use and repeated 
decontamination efficacy of the med-
ical device.

• The instrument marker will warrant 
by certification that the quality of 
the laser etches will be not less than 
95% at Grade A 2D laser etch mark 
to AIDC standard and no mark will 
be less than Grade C.

• The documentation submitted should 
confirm compliance with AIM DPM 
Quality Guidelines and relevant ISO/
TEC standards as detailed in GS1 
General Specification Document, 
Version 10, Issue 1, Jan2010.

•  The mark should remain functional 
for a number of reprocessing cycles 
and the supplier should indicate the 
minimum number achievable. Failure 
to comply with this shall result in the 
supplier or nominated subcontractor 
remarking the item at their own cost.

In addition we must encrypt 30 or so 
characters in a Datamatrix code small 

enough to be marked on a scalpel. That 
gives a cell size of 0.1mm for a 2mm 
code.

Experience has shown that some aggres-
sive forms of passivation will remove 
laser marked black surface marks and 
sterilisation of instruments seems to vary 
from one hospital to another. I suspect 
that Fimark might avoid the whole area 
while the standards say that: Failure to 
comply with this shall result in the sup-
plier or nominated subcontractor remark-
ing the item at their own cost.

Charles Dean  Fimark

Enhanced LASOX cutting with a 
Yb-fibre laser

Ali Khan et. al.

To cut a long story short: Imagine 120mm 
thick structural steel was cut with 1.3 kW 
(CO2) laser beam power at 0.2 m/min in 
the year 1994. Imagine the underlying 
burnoff-stabilized laser beam oxygen 
cutting process – namely heating up the 
plate surface around the cutting front up 
to ignition temperature by using laser 
radiation outside the oxygen jet - was 
invented in 1992 and published in the 
international Welding and Cutting maga-
zine in 1993 by Joerg Franke. Imagine 
a ring-shaped diode laser beam was 
presented as an attractive tool for this 
process in 2003 by Bernd Seme. Then 
you understand the origin and principle 
of what some colleagues call LASOX. 
The consequent enhancement described 
by Ali Khan and co-authors is nice to 
observe. With the utilization of two varia-
ble lens and axicon telescopes they dem-
onstrate the influence of annular heating 
spot dimensions on the cutting result.

Dirk Petring   Fraunhofer ILT

Optical materials for high power 1um 
lasers

Steve Rummel et. al. 

If the pattern of technical developments 
over the last 20 years or so in CO2 lasers 
are repeated in the marketplace for 1um 
fibre lasers, the result will be a conver-
gence to a handful or less of standard 
beam delivery systems for fibre lasers.  
Fibre laser users will take the techni-
cal data in this article, and add some of 
their own subjective factors to the FOM 
calculation such as price, ease of align-
ment, durability, and not least a wide 
availability from multiple vendors. I am 
sure there will be resistance from laser 

Short comments on papers in this issue
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users to paying extremely high mark ups 
for consumable parts. 

Looking ahead - The rapid developments 
in Magneto Rheological Finishing ( a 
technique of polishing fused silica sur-
faces with extreme accuracy, as well as 
generating aspheric and non-symmetric 
shapes), will see the choice between ZnS 
and Fused Silica become even narrower. I 
guess we will find out in a few years time 
which material wins out.

Mark Wilkinson  Laser Beam Products

This article has opened my eyes to new 
possibilities in the choice of optical mate-
rials at 1µm wavelength. Until now, fused 
silica has always been my preference 
based on ultralow absorption, negligible 
inhomogeneity and residual birefringence 
and in the case of UV grade, ultra low 
fluorescence. It does though have a very 
poor thermal conductivity which can limit 
performance at high average powers and 
hence thermal lensing may become prob-
lematic.  Alternatives materials are intro-
duced in this interesting article, eg ZnS, 
multi spectral ZnS (ZnS, MS) and ZnSe, 
with much higher refractive indices and 
thermal conductivities. 

A figure of merit (FOM) is helpful in decid-
ing on the optimum optical material for 
a given application. A useful equation 
involving a range of parameters is intro-
duced, showing that the figure of merit 
for ZnS MS is 91 compared to 24 for 
fused silica – implying that it can out-
perform fused silica at very high average 
powers and can lower overall spherical 
aberration.

In addition, the high refractive index of 
ZnS MS (2.29) and ZnSe (2.48) means 
that a multi-element fused silica fibre 
coupler (4 element) can be replaced by 
a single aspheric ZnS MS lens. Also, 
these alternative materials can be dia-
mond turned into novel shapes such as 
faceted integrators and diffraction limited 
aspheres whereas fused silica can not be 
diamond turned.  

Handling of >10 kW average power 
is possible with ZnS MS and specially 
shaped surfaces can be achieved to pro-
duce refractive beam shaping, for exam-
ple Gaussian intensity profile to flat top. 
As increased scattering is apparent in 
these materials, one might have to con-
sider this carefully in a particular applica-
tion in case this becomes problematic at 
higher powers.

Walter Perrie  University of Liverpool

At ULO Optics our occasional 1 µm 
optics job has also used Multi-Spectral 
ZnS. Apart from the hardness and the 
cost compared with Fused Silica, ZnS 
MS has, as the article points out, some 
distinct advantages, e.g. a higher refrac-
tive index allows fewer elements to be 
used, possibly off-setting the material 
and manufacturing costs of the extra 
parts. Also, the more exotic type of optics 
becomes possible, because it lends itself 
to diamond machining. ZnS MS looks as 
useful at 1µm as ZnSe is at 10µm.

Nick Ellis  ULO Optics Ltd

Diffractive optics for high powered 
fibre delivered lasers

Daniel Lloyd et. al.

This interesting article introduces the 
observation that a Gaussian intensity 
distribution is often not ideal in industrial 
laser processes and that beam shaping 
via Diffractive Optical Elements (DOE’s) 
can result in much improved perform-
ance. Reflective DOE’s capable of han-
dling >1 kW average power at 10.6 µm 
have been demonstrated by the authors.

As all solid state fibre laser technology 
is already at the multi-kW level around 
1 µm, and replacing CO2 in some areas, 
transmissive DOE’s created by etch-
ing the kinoform into 50 mm diameter 
fused silica windows were fabricated. 
Individual lateral features on the DOE are 
as small as 2 µm while height variations 
up to 3 µm can be made with up to 256 
steps. By combining a DOE with a focus-
ing lens, fibre laser cutting with 200 W 
average power was investigated and 
the accuracy of the generated intensity 
distribution  checked by melting a clear 
pattern consisting of a set of letters with 
1mm size on a Perspex substrate. 

Varying the focal length of the lens alters 
the image size while the remaining zero 
order produces a low level background.  
Although DOE’s are designed for a par-
ticular wavelength, say at 1 µm, they will 
also work at visible wavelengths, very 
useful for checking system alignment with 
a visible laser source. The authors plan 
soon to demonstrate improvements in 
high power fibre laser cutting and powder 
welding applications. Transmissive DOE’s 
indeed have an important place in tomor-
row’s industrial laser applications, making 
the optimum use of the available radia-
tion for a particular task - and can inter-
changed quickly to perform new tasks.

Walter Perrie  University of Liverpool

High throughput micro-machining by 
parallel processing

Oliver Haupt et. al.

This timely article discusses the potential 
of picosecond laser processing  achieved 
by the use of well optimised 1D/2D 
DOEs, and demonstrates the gain in 
throughput that can be achieved.  

The precision of picosecond ablation 
comes at the cost of relatively low abla-
tion rate (compared to nanosecond) and 
typically requires µJ level pulse energies  
at a fluence near the ablation threshold 
which the efficiency is highest. Pulse 
attenuation to such levels is thus waste-
ful of available photons with single beam 
processing. Even as laser repetition rate 
increases, processing capabilities can be 
limited by available scanner speeds.

By placing a DOE ahead of a Galvo 
Scanner input aperture, parallel  spot 
ablation of dielectric thin film without 
damage to the Silicon substrate was 
demonstrated, speeding up, for example, 
the production of a light trapping surface 
and back contact opening for solar cells.

The application of 2D array DOE’s for the 
production of riblet (channel) structures, 
required on compressor blades was also 
discussed, relevant to aircraft and wind 
turbines, where air flow resistance can be 
reduced by 10% by the micro-structure, 
compared to a flat surface. The authors 
calculate that by combining a multi mJ 
ultrafast laser system with a 225 (15x15) 
spot DOE, the processing time for this 
component could be reduced from 30 to 
1.5 hours. Clearly DOE’s have a bright 
future for industrial laser processing. 

Walter Perrie  University of Liverpool

The authors look at pure industrial appli-
cations of picoseconds lasers, which are 
considered slow and therefore unsuitable 
for high-throughput large area process-
ing. Large area processing by advanced 
lasers is drawing considerable attention 
at the moment due to its envisaged ben-
efits over conventional machining, but is 
being impeded by considerable speed 
and repeatability issues. The authors 
start by discussing the basic laser/mate-
rial interaction in the picosecond range 
and ablation rates for single spot con-
ventional ps lasers.  They continue by 
investigating a novel parallel processing 
by using multiple DOE spots, and further 
on discussing the possible drawbacks 
and achievable improvement of speed in 
a combination with high speed scanner.  
The calculated processing time for a solar 
cell (156 x156 mm2) is less than 10 sec, 
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which will definitely introduce a whole 
new world of possibilities for large area 
high throughput laser applications. The 
two applications that the authors discuss 
in their article (solar cells and compres-
sor blades) are still not achievable in 
reality but the improvements necessary 
to achieve those goals: ultra fast laser 
sources (i.e. fibre), scanning speeds and 
DOEs efficiency, are not beyond reach.

Todor Dobrev  Cardiff University

Lasers for surface removal of contami-
nated concrete in the nuclear sector

Paul Hilton

I find scabbling a rather enigmatic laser 
process. I first came across it when vis-
iting the University of Liverpool in the 
mid to late 90's and though sceptical 
at first as to Its relevance this was soon 
dispelled. Fast forwarding to 2005 or so 
I was fortunate to work with a nuclear 
company at Lairdside on this proc-
ess, getting to a similar point as Paul 
describes in this article. And it Is good to 
see the TWI again trying to progress this 
application to an end user.

What I have a concern with though is that 
by now this process is surely ripe to be 
taken up by a nuclear Industry company, 

particularly in decommissioning. Capital 
cost does not appear to be a pressing 
Issue: I recall being told the costs and 
complexity of a machine that "just" had 
to bolt a lid on a nuclear waste flask. So 
why Isn't there a system out there now, 
working Its way over the concrete struc-
tures of a closed nuclear plant? When it 
arrives I hope it’s a UK-based company 
that builds and deploys it. Paul's efforts at 
the TWI might make this happen.

Martin Sharp  Liverpool John Moores 
University

De-commissioning is critical to the future 
of the Nuclear industry and this article 
reports on the design and application of 
an impressive laser scabbling system for 
dealing with radioactively contaminated 
concrete. As comtamination resides only 
in a thin layer with a few mm thickness 
while the bulk material may be a few 
metres thick, removal of the contaminated 
layer means that the remaining concrete 
can be re-classified as low level waste, 
much easier and cheaper to remove and 
dispose of.

The use of fibre laser technology is very 
appropriate, allowing remote delivery of 
the radiation to the active area. A CW 
multi-mode 5 kW fibre laser was inte-
grated with an optical head on a 6 axis 

articulated arm robot together with an 
extraction system and the whole assem-
bly mounted on a 6m long linear gantry. 
Warning signals alert the operator if there 
is any escaping contamination and a 
vision system with active feedback was 
employed to keep the head approxi-
mately normal to the surface and at a 
fixed distance. These characteristics are 
essential in any practical system.

The scabbling process uses a defo-
cused beam with power densities typi-
cally  200Wcm-2 and strong absorption 
heats the concrete, matrix and aggregate. 
Expansion of residual free water helps to 
break up the surface layer in an energetic 
fashion.  The process, however is sensi-
tive to the type of concrete and results 
on limestone aggregate were very suc-
cessful at power density ~120 W cm-2  
(65 mm defocused spot)and 0.1 m/sec 
scan speed. In this case, a surface layer 
of depth d >10 mm can be removed, 
corresponding to a volume removal rate 
>100cm3/min.  

Introducing new technology to the nucle-
ar industry takes time. The first explora-
tory research on this work was carried 
out in 1993 and it is gratifying to see the 
technology move so close to application.

Walter Perrie   University of Liverpool
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  Presented by:

The World’s Leading Conference on Laser SafetyThe 2011 International Laser Safety Conference (ILSC®) 
is a comprehensive 4-day conference covering all aspects 

of laser safety practice and hazard control. Technical 
sessions and workshops will address developments 
in regulatory, mandatory and voluntary safety 
standards for laser products and laser use. 

Featuring:
•  Laser Safety Scientific Sessions
• Technical Practical Applications Seminar
• “Hot Topic” Luncheon
• Awards Luncheon
•  New for 2011!  Medical Practical 

Applications Seminar – Earn contact hours 
while experiencing cutting-edge presentations 

March 14 - 17, 2011 
Doubletree Hotel San Jose 

San Jose, CA, USA 

For more information please contact the LIA:  
+1.407.380.1553  | 1.800.34.LASER  |  www.laserinstitute.org/ilsc  |  conferences@laserinstitute.org 
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SHARP COMMENT

Earlier in January the 
Technology Strategy 
Board (TSB) published 
its prospectus on 
the Technology and 
Innovation Centres 
(TICs) it will fund. 
These centres are a 
response to a report 

prepared by Hermann Hauser in March 
2010, which identifies a need for such 
centres to support innovation and 
exploitation of the UK research base.

In the first tranche of this activity the 
TSB intends to set up from six to eight 
of these centres and has allocated a 
budget of £200M for this. It intends the 
first such centre to be a centre for High 
Value Manufacturing and is pushing 
ahead with this,  asking for Registrations 
of Interests by the end of January, a 
tight timescale. It has also suggested 
themes for the remaining eight centres 
principally based on its own prior-
ity themes, e.g. Resource Efficiency, 
Electronics and Photonic Systems, 
Healthcare and ICT. 

I see some opportunities and threats 
for all our members in these centres. 
Among the research community and 
the more research active larger compa-
nies there has been a yearning for such 
centres in the UK, pretty much as the 
Fraunhofer Centres in Germany. The 
general view is that these centres bridge 
the gap between the basic research of 
universities and production, the gap cor-
responding to Technology Readiness 
Levels 4 - 6. To date, support for work 
in this transition phase has been prob-
lematic and lacking in funding, which 
has stifled innovation and exploitation. 
The remit of the TSB since its incep-
tion in 2007, and the Department of 
Trade and Industry before it, has been to 
encourage and fund activity in this area. 
So for UK PLC this news is a welcome 
confirmation that our new government is 
prepared to invest in science and inno-
vation at a time of so much austerity.

The TICs will have a business led man-
aging board comprised of experts in its 
technology and be their own separate 
legal entities. It is anticipated that they 
will reach an annual turnover of some 
£30M each and be responsible for 
employing some 150 highly qualified 
personnel. 

So how could AILU and Its members 
benefit from these centres? Well, some 
members may be suppliers to one or 
more of these centres. Other research 
intensive manufacturing companies 
may user them to pursue their research 
plans. Clearly, academic research mem-
bers of AILU and research and tech-
nology organisations will hope to col-
laborate and perhaps participate in their 
operation. 

As for AILU as a body, there may be 
limited opportunity to assist or otherwise 
be involved in the operation of a cen-
tre that has activity in the field of laser 
materials processing. Even if it is, it is 
hard to see a TIC devoted to laser mate-
rials processing in the way that some of 
the Fraunhofer Institutes are. as meet-
ing their specification. I haven't sat and 
thought too hard about this, or tried to 
work out any figures, but I suspect the 
intended turnover and employment fig-
ures already exceed the current level of 
UK R&D in laser materials processing. 

However there Is potential for laser 
activity in a centre devoted to High 
Value Manufacturing, along with other 
manufacturing technologies. Maybe 
also the Electronics and Photonics and 
Electrical Systems TIC if this comes 
about.

The choice of High Value Manufacturing 
as a fast track first centre is both 
exciting and surprising. We have the 
Advanced Manufacturing Research 
Centre in Sheffield, and the recently 
opened Manufacturing Technology 
Centre in Ansty. The latter has several 
laser based manufacturing activities, 
particularly in electronic assemblies. We 
also have the TWI and TWI Sheffield. 
We also have a network of composites 
centre including a national composites 
centre in Bristol.

Of course much of these centres tech-
nologies have particularly relevant to 
aerospace manufacture. It's not obvi-
ous to me that there is room for another 
centre aimed at this market. But what 
other (global) markets available. I won-
der about reel to reel processing for 
flexible electronics, packaging and a 
range of industries. Other areas could 
be manufacturing technologies applied 
to low carbon vehicles or manufacturing 
technologies based on nanotechnologi-

Technology and Innovation Centres
A series of personal 'opinions' on matters laser by industrialist turned academic Martin Sharp

cal processes.

Whatever technology / market this HVM 
is based on, if it has an element of 
laser processing technology in it I hope 
that in its setting up that the necessary 
consultation takes place to ensure its 
facilities are complementary to the exist-
ing research base, on investments are 
not made on a "me too" basis. I believe 
that one key Issue is for these centres 
to provide high value flexible materials 
handling technology to which a range 
of processing technologies, including 
lasers, can be attached. The aim of these 
centres surely must be to take the proc-
esses developed In research labs around 
the country and allow these to be scaled 
up to production scale in collaborative 
R&D activity.

But what about the labs developing 
these processes. AILU's Rulardo report 
have identified many research groups 
working on laser processes, from the 
16 or so main research groups to small 
groups working on perhaps one signifi-
cant process. The research outputs of 
these are a major source of input into the 
higher TRL level research envisaged for 
these TIC's. The TIC's should consider 
all these research providers equally as 
sources of viable development projects. 
Equally all these research groups should 
be able to approach and access TIC's, 
together with their existing collaborators, 
and see their research further developed 
and commercialised and with issues 
such as Intellectual Property dealt with 
professionally and securely. 

For me, then it Is Important that any 
centre is developed and managed with 
a significant detachment from those 
organisations who operate at the basic 
research levels, Including academic 
groups.

And that, to my mind, has always been 
the goal of the TSB. It is not there to 
supoort academic activity. It Is there 
to encourage innovation and commer-
cialisation of research in companies 
and increase the number of companies 
undertaking R&D activities, not to be an 
alternative to the shrinking RD budgets 
for basic research by academics.

E: m.sharp@ljmu.ac.uk
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EVENT REVIEW

Subcon 2011 builds business for UK 
exhibitors
With subcontracting one of the most 
dynamic sectors in a resurgent UK 
manufacturing sector, this year’s Subcon 
exhibition looks set to be the best yet for 
British exhibitors. The event, which takes 
place at the NEC Birmingham from 7 to 
9 June, has doubled in size since 2007. 
This year’s event will attract over 300 
exhibitors, more than 200 of them UK 
subcontractors, and over 4000 visitors.

Visitors to Subcon 2010 included supply 
chain managers and sourcing profes-
sionals from companies such as BAe 
Systems, JCB, Rolls-Royce, Schneider 
Electric, Babcock, and Siemens. 95% 
of visitors came to source UK suppli-
ers and nearly two-thirds have asked 
companies they met at Subcon 2010 to 
quote for contracts.

Buyers come to Subcon because they 
know it is the only place where they can 
see companies offering the complete 
range of manufacturing services. And 
the international exhibitor base allows 
UK subcontractors to put themselves 
in front of top-level buying teams from 
leading OEMs who simply don’t visit 
other shows. 

“Subcon is the UK’s number one sub-
contract manufacturing event for all 
sectors", says Exhibition Manager Jon 
Clark; “When one sector is slow, another 
is moving, so Subcon brings you face to 
face with the contacts you need to sur-
vive and thrive in a changeable world".

“The show’s reach is another big plus. 
Viisitor numbers are evenly spread 
between the South, Midlands, North 
and Scotland, making Subcon the most 
cost-effective way to market your busi-
ness throughout the UK.” He adds that a 
record number of companies rebooked 
for Subcon 2011 at the 2010 show.

“It is no coincidence that Britain’s 
leading subcontractors come back to 
Subcon year after year to find new cus-
tomers – they come because it works.”

For information about exhibiting at 
Subcon visit www.subconshow.co.uk or 
call Jon Clark on 0207 970 6742.

THIS YEAR IN MAY!

23–26 MAY 2011

As the world’s leading trade fair for lasers and 
laser sys tems in manufacturing, LASER World of 
PHOTO NICS brings together all international 
key players. It revolves around both research 
and industry, which promotes new, marketable 
products to ensure the quality and produc tivity 
of your manufacturing operation. It gives you 
access to concrete solutions for your daily 
business. Innovations and trends? This is where 
they are presented fi rst. Practical orientation? 
Experience it in our sector-specifi c application 
panels. Take the lead with us and enjoy 
the advantages of online registration at 
www.world-of-photonics.net.

Pattern (Trade Fairs) Ltd.
Tel. (020) 3375 8230, Fax (020) 7378 0215
info@pattern.co.uk

PRODUCTIVITY 

IN THE BEST LIGHT: 

FOR MANUFACTURING
LASERS AND LASER SYSTEMS 

LIGHT APPLIED

www.world-of-photonics.net

NEW
MUNICH
TRADE FAIR CENTRE

March
15 Birchwood Park (15- 16) 

• ILAS 2011
AILU's Industrial Laser 
Applications Symposium

• AGM and prize giving

 See back page advert and 
www.ailu.org.uk for details

March
14 International Laser Safety 

Conference (14 - 17) 
see advert p 37

April
6 Medtec UK (6 - 7) 

NEC
May
23 Munich trade fair centre  (23 - 26)
• Laser World of Photonics
• Lasers in Manufacturing 2011

            AILU events                         AILU supported events
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Towards the end of 2010 it was 
announced that the UK will invest over 
£200m in a network of elite Technology 
and Innovation Centres (TICs). They 
will be established and overseen by 
the Technology Strategy Board (TSB) 
and the first will address High Value 
Manufacturing - an area in which laser 
materials processing surely has a big 
part to play. Indeed, the TSB has already 
encouraged AILU to link up with this 
TIC once it is formed, to help the Centre 
deliver on its promise to encourage 
growth in UK manufacturing. Providing 
knowledge and technology transfer to 
industry, which is very much what AILU 
is all about.

This magazine is one of the several 
means by which information is trans-
ferred within the Association, and as 
editor my prime task is to ensure that 
the content is: accessible to the general 
reader, objective, balanced, informa-
tive and at least in part stimulating. 
Inevitably, with such a broad scope 
and readership some members com-
plain that the magazine is too technical 
whilst others can't see the benefit of 
me spending so much time editing the 
content, but one can never get it right 
for everyone.

Another means of information trans-
fer is through events, and speakers at 
the forthcoming ILAS 2011 carry that 
responsibility. As with the written word, 
success in presenting is very much a 
matter of careful planning and aware-
ness of the needs of the audience. A 
special electronic supplement of this 
magazine will appear in the summer 
carrying unedited versions of some of 
the presentations, providing a second 
opportunity for information transfer.

As I write, ILAS is  still 2 weeks away 
and we have over 140 registrations, with 
over 120 people signing up for each of 
the two days of the event. This already 
amounts to a growth of 25% over ILAS 
2009, a trend very much in line with the 
upward trend in laser sales for 2010 
reported in the recent annual Industrial 
Laser Solutions forecast. It all points 
to the much hoped for resurgence in 
laser materials processing in the UK and 
worldwide! 

Mike Green, Editor  
mike@ailu.org.uk 

Editorial Board for this issue

Todor Dobrev Cardiff University

Nick Ellis  ULO Optics

Malcolm Gower Imperial College, London
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Stewart Williams Cranfield University

Transfer to industry

“... The 
growth 
in ILAS 
attendance 
as well as 
the growth 
in laser 
sales all 
points to 
the much 
hoped for 
resurgence 
in laser 
materials 
processing." 
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FUTURE EVENT
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In 2009 AILU held its first ILAS (Industrial 
Laser Applications Symposium). It 
proved a great success, attracting over 
110 delegates. Soon, on 15 & 16 March 
2011 at The Centre, Birchwood Park, 
Warrington, the home of the UKAEA 
nuclear power programme, ILAS 2011 
will provide presentations with a similar 
strong industrial orientation, including 
practical as well as research papers. It 
will be a much bigger affair: delegate fig-
ures are currently 50% up on 2009 and 
with over 60 papers to be given, they 
have to be presented in parallel.

The papers, including three Plenary 
and 7 keynote presentations, address 
laser equipment and macro to fine scale 

materials processing applications in 
industry. The presentations will be a mix 
of research and practical papers at all 
levels of specialisation, from the new-
comer to the experienced researcher.

Lasers in 21st Century UK manufacturing
In August 2010, AILU produced a 
75-page report titled 'Exploiting laser 
technology in 21st Century UK manufac-
turing'. The report categorises over 130 
industrial laser processes and assigns 
for each a Technology Readiness Level 
within a UK context and, where identi-
fied, links to key 21st Century themes 
manufacturing applications, products 
and industries. Based on this compre-
hensive categorisation, the report goes 

on to assigns the 130 laser processes to 
one of 3 tiers according to the strength 
of links to key themes, industries and 
key products. Over 30 laser-based proc-
esses were assigned to the top tier for 
application in 21st Century manufactur-
ing; providing evidence if it were needed 
of the key and highly diverse current and 
future role that lasers have in what we 
can only hope will be a renaissance in 
UK manufacturing. (See p16/17 of this 
issue for a review of highlights of this 
report on opportunities to extend job 
shop services)

The report is designed to stimulate indus-
trial laser users and researchers and to 
help them take advantage of the funding 
opportunities in 21st Century themes, 
especially (in the UK) through the various 
Technology Strategy Board competitions. 

An added incentive behind ILAS 2011 
derives from the sad fact that despite a 
high level of laser materials processing 
research in the UK the use of lasers per 
unit of manufactured output in the UK is 
estimated to be as little as 10% that of 
Germany: there is massive potential for 
growth! The aim of ILAS 2011 in part is 
to support and extend the role of lasers 
in UK manufacturing. 

Scope of ILAS
Themes at ILAS 2011 encompass laser 
equipment and industry applications of 
laser materials processing from macro 
to fine scale. And with the presentations 
being a mix of research and practical 
papers at all levels of specialisation, the 
event will have lots to offer those new 
to lasers and laser materials processing 
as well as to experienced practition-
ers. Most important, and one of the key 
features of all AILU event ILAS 2011 pro-
vides a unique opportunity for network-
ing and for discussing technical matters: 
a comfortable environment, generous 
lunch and refreshment breaks, an exhibi-
tion and plenty of help and guidance at 
hand to have questions answered.  

In his welcome message for the 
Symposium AILU President Paul Hilton, 
refers to having attended two short, laser 
related conferences in Germany during 
2010: both of which attracted audi-
ences of over 300 people. He points out 
that, whilst punching below its weight 
in industrial use of laser technology, the 
UK can still claim to be a major force 
in laser materials processing research 
and development. The record number of 
registrants at ILAS 11 goes some way to 
supporting this claim. 

t h e a s s o c i a t i o n o f

a  s  e  r   u  s  e  r  sl  

Join industrial laser 
users and researchers 
in Warrington this 
March 
Make new contacts and review 
the many exciting opportunities 
for lasers in manufacturing

Industrial Laser Applications Symposium 
I LAS  2011

 The Centre   Birchwood Park   Warrington UK

15 - 16 March 2011

Over 60 presentations addressing all aspects of laser 
technology and applications from macro to fine scale 
materials processing, running in two parallel sessions and 
including 3 plenary and 7 keynote presentations

Organised by the Association of Laser Users, the independent 
not-for-profit body run by and for the UK laser community to 
help you make the best use of laser technology

For full information
See the ILAS 2011 event page on www.ailu.org.uk 
or contact E: events@ailu.org.uk   T: 01235 539595
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ILAS 2011: The UK’s biennial event dedicated to lasers in manufacturing is 50% up on 2009
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