
The highlight of this year’s mem-
bers meeting on 10 April at Spectron
Laser Systems, Rugby, was
undoubtedly the lively ‘Industrial
Laser Market’ forum discussion led
by Arnold Mayer of Optech
Consulting, Switzerland.

Widely recognised as the leading
authority on the laser marketplace,
Arnold prefaced his discussion of the
current situation and projections for
the future by emphasising how time
and again the developments in laser
technology have defied prediction.

He also pointed out that, unless there is a sudden rapid growth in
total machine tool sales, then it is just not possible that sales of laser-
based machine tools, which currently account for 12% of the total,
will continue to grow at the same rate in this decade as they have in
the last. Nevertheless, he predicted a 10% growth per annum for the
current decade, averaged over all sectors. CO2 lasers currently
account for 50% of total sales of laser sources. For 2010 he predict-
ed that diode-pumped solid state lasers will have strongly increased
their market share if they meet expectations regarding their techno-
logical development, and that CO2 lasers will fall to 25%.

“We had a bubble in the laser machine tool market in 2000, with a
50% growth  over the year, whereas in 2001 we saw a 7% drop and
we can expect a moderate decrease this year too,” said Arnold. 

Asked how the UK compared to Germany in its uptake of lasers
for manufacturing, Arnold observed that sales of laser machine
tools in the UK would have to increase by 50% to maintain the
same ratio to total manufacturing capacity as exists in Germany,
perhaps implying that the UK laser market was much further from
saturation. This suggests plenty of scope for UK suppliers and lots
of work for AILU’s Design for Manufacturing initiative to do!

Worldwide revenues in laser materials processing systems
(Courtesy of Optech Consulting)

On 10 April 2002, during a members-only meeting held
at Spectron Laser Systems in Rugby, Emma Johnston
of BNFL was presented with a plaque and cheque for

£250, becoming AILU’s first Young Laser Engineer.

Emma, a Liverpool University graduate, returned to the universi-
ty after 2 years in industry, mainly at Parsons Turbine Generators
in Newcastle, to complete a PhD in Professor Bill Steen’s group.
Her research subject, laser scabbling, was of particular interest to
the nuclear industry, and after completing her research Emma
began work at BNFL.

The presentation was made by John Bishop, whose company gen-
erously donated this year’s cheque. In his introduction he
expressed his particular delight that, in a male-dominated field,
the first recipient of the prize should be a young woman.

“Back in the 60’s the laser was said to be a solution looking for a
problem,” John said. “Well, judging by the number of laser appli-
cations we certainly seem to have had our problems and indeed
still do, as Emma has proved.”

After accepting the prize, Emma gave members a short presenta-
tion on the potential benefits of laser scabbling, particularly in  the
the nuclear industry, where it provides a reliable, remote means for
removing the radioactively-contaminated surfaces of concrete
walls of containment buildings during decommissioning. (See
Issue 25, p2) 

The Prize, for which  applicants are judged on the basis of the real
or potential economic benefit of their work, was established to
help encourage young engineers to apply their skills for the ben-
efit of UK manufacturing industry. Providing that worthy candi-
dates come forward, it will be awarded annually. 
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AILU’s First Young Laser Engineer

Emma Johnston, the AILU Young Laser Engineer 2002, together with
John Bishop (left) and AILU President Bill Steen, who was Emma’s
PhD supervisor at Liverpool University, at the AGM on 10 April.The
prize, comprising a laser-engraved plaque (courtesy of Identisys Ltd
and Trumpf Ltd) and  a cheque for £250 (donated by The Cutting Edge)
was presented by John Bishop.

Positive outlook for laser machine suppliers

Arnold Mayer
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One of AILU’s main objectives is to pro-
vide technical and business information to
members through workshops, consultancy
and the pages of this magazine. However,
the pressures currently being experienced
by manufacturing industry can make it 
difficult for members to set aside the time and effort  to take full
advantage of these services.

The brief front page report on Arnold Mayer’s presentation on the
laser market at our April members’ meeting is a case in point. 50
members attended, but many more would have benefited from the
analysis and discussion of laser technology and applications led by
an acknowledged expert, flown in specially for the occasion.

Nevertheless, if Arnold’s predictions are correct, then confidence
within the laser-user community will soon be returning and some
of the current pressures should recede. Despite a decline in laser-
based machine sales last year and a flat response predicted for
2002, an average 10% growth per year over the decade is pre-
dicted, and with it a growth in business for laser users. 
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Note from the editor

Cost of Ownership of Laser
Many potential first time users of Laser Technology rightly spend
significant time investigating the running cost of laser machines.
Many of these are easily identifiable and allow accurate calculations
to be made.  These include costs of power, gases, consumables, main-
tenance and labour costs and it would be wrong to assume that these
are the same for every supplier, as this is clearly not the case.  

However, these costs can be insignificant when compared to the
downstream benefits of embracing laser technology. Typical, but
sometimes overlooked examples of this are:-

1. Increased material utilisation - reduced material expenditure.

2. Elimination of secondary operations such as drilling, deburring
and fettling.

3. Significant reduction in assembly and welding times by using
lasercut “slot and tab” for rapid accurate fixturing.  

4. A general improvement of the overall quality of the finished com-
ponent and confidence that the accuracy can be maintained day in
day out, year in year out.

5. Cost savings generated by the utilisation of laser technology rather
than more expensive technologies, such as milling, wire erosion or
machining.

6. The ability to engrave part numbers, logos, bending instructions or
any text information on laser profiled parts, simultaneous with nor-
mal production.

7. The ability to produce laminations comprising two or three differ-
ent thicknesses from which to make a component, rather than make
it out of a much thicker material.

8. The ability, particularly of OEM’s, to reduce weight in their 
product by ‘designing for laser’.

It is of course the case that not all of the above apply to any one user
but conversely, if only one does, it may be more significant than all
the running costs put together!  

Kevin Brien   Pullmax

Letter to the editor

The new election procedure for the AILU committee, approved at
an EGM on 19 September 2001, came into effect at this year’s
AGM at Spectron Laser Systems on 10 April 2002. The election
results for the committee are as follows:

Officers of the Committee
Bill Steen (President), Tim Weedon (Vice President), 
Mike Green (Executive Secretary).

Ordinary Members of the Committee 
Newly elected for 3 years: Martyn Knowles (Oxford Lasers), 
Tim Holt (Institute of Photonics), Steve Ainsworth (SJ Ainsworth
Consultancy), Clive Ireland (Applied Optical Technology)

2 years remaining: Geoff Dearden (University of Liverpool)

1 year remaining: Robert Davies (City Engineering), 
David Lindsey (Laser Process)

Co-opted Members of the Committee
Malcolm Gower (Exitech), John Powell (Laser Expertise), 
Paul Hilton (TWI), John Bishop (Cutting Edge), 
Maurice Gates (Micrometric Techniques)

Ex Officio Members of the Committee
Jack Gabzdyl (representing Make It With Lasers)

In future, the President will normally be appointed for one year
and the Vice President will expect to be nominated as President
the following year, subject to members’ approval.

AGM election results

AILU has been successful in securing pump-prime support
from the DTI at a funding level of 50% of up to £33k net 
eligible costs over a period of 3 years, to establish an active
EULASNET (EUropean Laser ApplicationS NETwork) 
network within the UK. 

Lasers continue to be a key element of many EUREKA projects,
both materials processing with high power lasers and, at lower
powers, key applications in industrial measurement and testing,
control and high-speed processing. EULASNET, a EUREKA
‘umbrella’ project, aims to establish a Europe-wide network of
organisations to facilitate the creation of laser-related collabora-
tive projects. 

AILU already possesses strong links within UK manufacturing
industry and academia and heads the European Laser
Applications Network (ELAN), a network of research centres
around Europe. As managers of the EULASNET network within
the UK, AILU will have the opportunity to expand these links.

AILU currently enjoys an active member base of 255. The asso-
ciation is a key member of the UK Coalition of Photonics and
Optics (UKCPO), through which we are linked to the Welsh
Optoelectronics Forum and the Scottish Optoelectronics
Association and other UK bodies in manufacturing industry and
academia. 

The challenge of encouraging interest in the industrial use of
lasers in the UK is one which should directly benefit members
who are laser-related product and service providers, but all mem-
bers should benefit in the long term by the networking and tech-
nology transfer opportunities that DTI support will stimulate.

AILU contracted to assist EULASNET
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A news item from the recently-established laser processing dis-
cussion group (located at laserprocessing@yahoo.com) will be
of particular interest to members involved in the dieboard and
packaging industry.

Hailed by the Karl Marbach group as ‘ a technological revolution
in cardboard manufacture’, the ‘BoardEater’ is a CO2 laser-based
machine for manufacturing folding boxes without the use of a
steel rule die. The machine cuts, creases and perforates cardboard
without leaving burn marks, processing a ‘typical’ carton in about
2 seconds. 

Carl Ingolf Lange, the inventor, describes the advantages of the
BoardEater as follows: “Someone building the wrappings for his
products by means of the BoardEater can do without the long pre-
lude involved in making a steel rule die, which can take several
days. There is no costly preliminary work, no time-consuming
sample production, no tools, no punching processes to wear out
tools and materials, no tedious resetting and only minimal main-
tenance breaks. Moreover, it is possible with the BoardEater to
produce simultaneously worldwide by sending the CAD data
online to several networked machines. The number of pieces is
controlled “on demand“ and is made “just in time”.

Further details at http://www.boardeater.de

The Virtual Laser Expert (VLE), a
free web-based service designed
to promote laser-based manufac-

ture, was formally launched at the
Metalworking 2002 show at the NEC in
April. This service provides a 24-hour
resource for design engineers consider-
ing laser-based manufacturing and
industrial laser users (and potential
users) seeking advice on technical and
commercial issues.

The VLE service provides on-line information related to laser
materials processing technology and applications in the form of a
search engine and an extensive list of Frequently Asked Questions
(FAQs). Enquirers are also invited to submit specific questions
that are then e-mailed to selected members of the 35-strong VLE
panel for a more specific response. 

The VLE panel is made up of AILU members from research cen-
tres, laser and laser-component manufacturing and supplier com-
panies, laser job shops and engineering companies. To ensure the
lasting success of the initiative and to justify the cost, time and
effort required for its maintenance, the VLE needs to provide
valuable contacts for the Association, the panel members in 
particular. 

Following a successful application for DTI support for the VLE
initiative in November 2000 and a first meeting of panel members
in January 2001, the service was to have been launched at AILU’s
Design for Manufacturing workshop in November 2001. However,
delays by the web designers led to a 6 months postponement of the
launch. Now, with the teething troubles largely solved, a further
meeting of panel members will be arranged to consolidate the ser-
vice and review plans for its future development.

The VLE is the third of the major open-access services AILU pro-
vides on its web site at http://www.ailu.org.uk, the other services
being the Product and Services directory and the database of laser
applications. The latter provides photographs and drawings of
laser-fabricated components to help stimulate ideas and provide
basic design information, and like the VLE it requires constant
attention and updating. 

In proposals currently being considered by the AILU committee,
the operation of all three services, as well as the planning of other
AILU initiatives aimed at expanding the use of lasers in UK 
manufacturing industry, will come under a new ‘Design for
Manufacturing’ committee headed by Vice-President Tim Weedon.

Light-hearted relief
Not all questions submitted to the VLE deal with cutting, welding
and marking ....

Question 
Could a laser beam cancel the wavelength of solar radiation
(sunlight)? I know there are experiments being conducted by car
companies to cancel sound waves from road noise for the purpose
of creating a quiet cabin. My question is the same in a way. Can
we come up with an alternative to blocking sunlight so that we
don't have to carry bulky umbrellas?  

Question 
I am a farmer and I am trying to work out an idiot-proof system
to trim crops to a preset height from the ground. The terrain can
be extreme in the sense that the tractor can be level one minute
and sloping the next so I need to compensate the height quickly.
Is it possible to use a laser, particularly where there may be small
plants growing on the track or puddles of water? Or is it possible
to ‘soften’ the beam so it only picks up solid ground? What are the
chances of it working in dusty conditions? Finally, is there any
microprocessor that could make the whole process automatic?

Launch of the Virtual Laser Expert

‘Networks of Excellence’, a term used by the European
Commission to describe groups of acknowledged expert
researchers sharing ideas and equipment, are set to play a major
role in Framework Six, the new European programme of support
for technological research, scheduled to be launched in
November 2002. 

The Fraunhofer ILT in Aachen, one of the principal European
centres for industrial laser applications research, has proposed the
establishment of a NoE for researchers involved in industrial
laser activities. Provisionally titled ‘Power Photonics Processing’
or ‘P3’, it proposes to co-ordinate basic research in a wide range
of topics including nanotechnologies and nanosciences, knowl-
edge-based multifunctional materials and new production
processes and devices. 

Part of the NoE role is dissemination, and with strong support at the
planning meeting for P3 held in London on 22 March 2002, AILU
has been invited to take on this role within the proposed network.
At the meeting it was estimated that approximately 160 researchers
from organisations within the on-going ILT-led Virtual European
Laser Institute (VELI) could qualify for membership of P3. 

Further information on the call for expressions of interest can be
found at http://www.cordis.lu. 

Networks of Excellence ‘BoardEater’ laser replaces dieboard
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AILU’s annual microengineering meeting was to be held at
Strathclyde in June, but to avoid duplicating a similar day that
Heriot-Watt University in Edinburgh were holding in February as
part of a Masters course, the two events were combined. The busi-
ness school at Heriot-Watt hosted the ‘Applications on
Microengineering’ workshop on 27 February, chaired by Denis
Hall and supported by the University and by Scottish Enterprise.

The workshop’s 66 delegates were treated to a full programme of
13 presentations, including an opening tutorial by Peter Dyer (Hull
University), whose mastery of the field of laser micromachining, in
which he was an early pioneer, was evident in the elegant path he
picked through the subject, from laser beams and beam coupling
into materials, to heat flow considerations and ultrashort pulses, all
in 45 minutes! The workshop also included a keynote presentation
by Willem Hoving (Philips Centre for Manufacturing Technology)
on laser applications in electronics manufacture, who used the term
‘laserfacturing’ to describe the wide range of micro-joining and
micro-assembly applications undertaken at Philips.

Other presentations at the workshop includ-
ed Excimer laser applications (Jim Fieret,
Exitech), USP lasers for microvia drilling
(Francisco Villarreal, Heriot Watt), CVL
micromachining (Martyn Knowles, Oxford
Lasers), femtosecond laser micromachining
(Dino Jaroszynski, Strathclyde Uni), micro-
machining of optical components (Mike
Osborne, OpTek Systems), glass machining
using IR lasers (Howard Baker, Heriot
Watt), micro-machining of glass with a 
fluorine laser (Peter Dyer, Hull Uni), laser
micro-welding of optoelectronic device
packages (Martin Heath, Pyramid
Engineering ), direct writing of photopoly-
mers (Frank Tooley, Terahertz Photonics),
microstructures for biomedical devices (Chris Sutcliffe, Liverpool
Uni) and medical device manufacture (Andy May, Rofin-Baasel).

Laser-machined ends
on optical fibres 
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AILU’s first 2-day workshop on laser cutting (19/20 Feb 2002) at
the Lairdside Laser Engineering Centre and the Foresight Centre,
Liverpool University, addressed ‘Essentials’ and ‘Advances’ in laser
cutting. The two workshops attracted 83 delegates, half of whom
attended on both days, though with surprisingly few companies from
the North West. The meeting was well received, especially by dele-
gates new to laser cutting, several of who commented that the cov-
erage of the 2-day event was just what they needed. Undoubtedly
the 2-day event will be repeated, probably in 2 year’s time.

After an introductory review of the laser cutting process for metals
and non-metals by John Powell (Laser Expertise), the ‘Essentials’
meeting at LLEC continued with Kevin Brien (Pullmax) summaris-
ing the present position of flatbed laser machines, including some
excellent case studies of the  advantages of lasers over other cutting
technologies. Richard Baxter (Prima) addressed 5-axis cutting, with
particular emphasis on hydroformed parts and jigging for high pro-
ductivity, access and scrap removal. Martin Bailey (Jetcam) fol-
lowed with a real-time presentation of laser cutting software.

The emphasis on metal cutting continued into the afternoon with
presentations on the Precitec range of capacitive height sensing cut-
ting heads by John Cocker (Laser Trader), assist gas by Jack
Gabzdyl (BOC) and laser quality steels by Paul Parkins (Corus). The

first day concluded with a presentation by Martin Sharp (LLEC),
who chaired the meeting, on the maintenance of laser machines. 

Bill O’Neill (Liverpool University) opened the ‘Advances in
Laser Cutting’ meeting with a review of the many laser-related
activities presently undertaken at the Manufacturing Science and
Engineering Research Department within the University, includ-
ing high speed cutting. The technologies available for precision
positioning in a high speed and acceleration system were then
reviewed by Chris Courtney (Ferranti). Mark Wilkinson went on
to describe focusing optics for high power laser beams (see fea-
ture on p19 of this issue) and Neil Main (Micrometric
Techniques) described their new 5-axis aerospace drilling
machine (see p7 of this issue), featuring on-line post-processing
position and size measurement with automatic CNC correction.
Paul Hilton (TWI) described a study of the influence of steel com-
position on cut edge quality and Jack Gabzdyl (BOC) addressed
gas supply and composition for high pressure cutting and the chal-
lenge for both thick section and high speed cutting. Chris Rand
(Liverpool University) illustrated the importance of gas jet nozzle
design for laser cutting using a computer simulation and Graham
Eastwood (Air Products) rounded off the day’s presentations with
an analysis of the present concerns that the growth in demand for
helium will create a temporary shortage. 

Success of Merseyside 2 day laser cutting event

Exhibition in the renovated chapel within the Foresight Centre. The
chapel features include unique Italian ceramic-tiled walls and pillars.

Delegates during lunchtime laser demonstrations at the Lairdside Laser
Engineering Centre

Microengineering with lasers in Scotland

Courtesy OpTek Systems

Courtesy OpTek Systems

Conical lens

Laser stripping





Powerlase, a new and innovative high power laser company has
established manufacturing facilities in the South East of
England. The company was launched in April 2000 as a spin off
from Imperial College, London, to exploit the intellectual prop-
erty and the patent portfolio arising from an EUV light (Extreme
Ultra Violet – 13.4nm) development facility set up at the college
in 1999. It was expanded in July 2001 by finance from a strong
group of investors, with a remit to build high power solid state
lasers. The manufacturing facility, which was officially opened
in November 2001, boasts dedicated laboratory facilities for
high power laser development, laser applications, and EUV
development. 

“Our Starlase range of all solid-state pulsed lasers are designed
for introduction into modern industrial processes. Producing
nanosecond pulses at multi-kilohertz repetition rates, their perfor-
mance is unsurpassed, extending time-average powers to hun-
dreds of watts, combined with the punch of peak powers an order
of magnitude greater than other currently available technology,”
said CEO Terry Nowell. “The diode pumped solid state laser
technology offers significant advantages over flash lamp pump-
ing, with a much greater electrical-to-optical energy efficiency,
improved spatial beam quality derived from a lower heat loading

in the gain medium, greater
pulse-to-pulse repeatability and
long term stability,” he added.

Manufacturing within the com-
pany is aimed at producing high
power lasers for system integra-
tors. The product teams are
directed at high power laser
design and applications includ-
ing laser drilling, cutting of materials, and direct write lithogra-
phy. The company  expect that their cutting-edge technology will
accelerate the introduction of high power lasers into precision
processing applications in many industries worldwide.

A key application for these lasers is to provide the pulse energy
source to generate plasma sources of extreme ultra violet light
for the next generation of lithography in the microelectronics
industry.

“This combination of key scientific technology, strong investor
base and collaboration with multinational partners will place
Powerlase at the forefront of advanced laser technology,” com-
mented Terry.
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Members’ News

BFi Optilas Ltd
Contact  David Switzer
T: +44 (0) 1908 326326
F: +44 (0) 1908 221110
E: davidswitzer@bfioptilas.avnetcom

BLSUK Ltd
Contact  David Smith
T: +44 (0) 7813 718501
E: salesuk@blslaser.com

BLS (Australia)
Contact  Darren Cummings
T: +613 9466 3355
F: +613 9466 3500
E: sales@blslaser.com

Cutting Edge Metal Processes  (USA)
Contact  Bob Lewis
T: +334 431 8015
F: +334 431 7848
E: LEWS@bendership.com

Electrox Ltd
Contact  Malcolm White
T: +44 (0) 1462 472400
F: +44 (0) 1462 472444
E: sales@electrox.com

GSI Lumonics
Contact  Louise Partridge
T: +44 (0) 1788 532611
F: +44 (0) 1788 541094
E: Partridgel@gsilumonics.com

Institute of Photonics
Contact  Tim Holt
T: +44 (0) 141 553 4120
F: +44 (0) 141 552 1575
E: tim.holt@strath.ac.uk

Lambda Photometrics
Contact  Adrian Harrison
T: +44 (0) 1582 764334
F: +44 (0) 1582 712084
E: adrian@lambdaphoto.co.uk

Lasag Industrial Lasers
Contact  Dietmar Wagner
T: +41 33 227 4545 
F: +41 33 227 4573
E: dietmar.wagner@lasag.ch

Loughborough Laser Centre
Contact  Andy Murray
T: +44 (0) 1509 618242
F: +44 (0) 1509 618108
E: murraya@loucoll.ac.uk

Laserform (IRL) ltd
Contact  Sean MacEntee
T: +353  4198 32490
F: +353  4198 32525
E: Seanmacentee@laserform.ie

Laser Lines (I&M) Ltd
Contact  Andrew Mead
T: +44 (0) 1295 672500 
F: +44 (0) 1295 672550
E: info@laserlines-im.co.uk

Laser Mechanisms Europe
Contact  Arvi Ramaswami
T: +32 92 18 70 70
F: +32 92 18 70 79
E: arvi@lasermech.be

LINOS
Contact  Susan Craig
T: +44 (0) 1908 262525 
F: +44 (0) 1908 262526
E: SCraig@Linos-photonicsco.uk

Micrometric Techniques
Contact  David English
T: +44 (0) 1522 509999 
F: +44 (0) 1522 501901
E: enquiries@micrometric.co.uk

Powerlase Ltd
contact  Terry Nowell
T: +44 (0) 1293 456222
F: +44 (0) 1293 456233
E: terrynowell@powerlase com

Prometec GmbH
Contact  Thomas Devermann
T: +49 241 1660 994
F: +49 241 1660 950
E: devermann@prometec.com

Pullmax
contact  Kevin Brien
T: +44 (0) 113 2976666
F: +44 (0) 113 2223198
E: kbrien@pullmax.co.uk

Purex International LLP
Contact  Phil Mullins
T: +44 (0) 1709 763000 
F: +44 (0) 1709 763001
E: sales@purexltd.co.uk

Radan Computational Ltd
Contact  Tony Billett
T: +44 (0) 1225 320320 
F: +44 (0) 1225 320311
E: tony.billett@uk.radan.com

Raditec
Contact  Richard Heath
T: +44 (0) 1235 464194
F: +44 (0) 1235 464016
E: richard.heath@raditec.co.uk

Rutherford Appleton Lab
Contact  Linda Gilbert
T: +44 (0) 1235 445009
F: +44 (0) 1235 446403
E: lib-extservices@rl.ac.uk

Salvagnini
Contact  Jon Grainger
T: +44 (0) 1989 767032
F: +44 (0) 1989 563829
E: ??????????

Spectron LaserSystems Ltd
Contact  Riccardo Tomassoni
T: +44 (0) 1788 544694
F: +44 (0) 1788 575379
E: sales@spectron.co.uk

The Cutting Edge
Contact  John Bishop
T: +44 (0) 1279 306306
F: +44 (0) 1279 306888
E: Johnbishop999@aol com

ThermoTemperature Control
Contact  Alistair Moffatt
T: +44 (0) 1928 562655
F: +44 (0) 1928 562656
E: alistair.moffatt@neslab.co.uk

Tim Weedon
Contact  Tim Weedon
T: +44 (0) 1788 560960
E: tmweedon@aol.com

Trumpf Ltd
Contact  David Foulks
T: +44 (0) 1582 725335
F: +44 (0) 1582 399250
E: sales@uk.trumpf.com
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Powerlase announces innovative laser technology
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Welcome to New 
Corporate Members

(since March 2002)

Associacion Industrial de Optica

Drucegrove Ltd

Jordan Fabrications Ltd

Lappeenranta University of Technology

Lawtons

Nottingham University 

Prometec GmbH

Raditec plc

Salvagnini UK & Ireland Ltd

Weatherford Completion Systems

Wightman - Stewart Ltd

Micrometric Techniques has  invested £650,000 in state-of-
the-art laser and machining equipment to ensure that 
customers receive the most efficient and advanced service
possible.

A five-axis MJ Technology CNC machining centre has a 3kW
CO2 Trumpf laser at its heart and a robot to carry out repeti-
tive handling of components. The only one of its kind in the
U.K, it has been installed at the company's Doddington Road
factory. 

The machining centre, designed and commissioned specif-
ically to meet Micrometric's own specification, is the cen-
tre-piece of recent high-tech machine investments which
enables the company to provide a high accuracy, cost-
effective service to customers requiring precision, added-
value finishing to flat and three-dimensional products in a
variety of materials from pre-machined and fabricated
components. It will produce slots, holes and apertures to
virtually any shape.

The machine has a sophisticated control loop system and
its own in-built self-adjustment to ensure accurate machin-
ing down to 50 µm. A robot automatically lifts and stacks
the finished items ready for loading and dispatch to the
customer.

"The machining centre is unique in the UK and together with
other investments recently made, will provide Micrometric
with a competitive edge and will enable us to provide an ever
better service to our customers," said David English,
Micrometric Techniques' operations manager.

£650,000  investment to keep Micrometric at the fore

Engineer Nigel Thomas operating Micrometric's unique 5-axis CNC machining
centre from MJ Technology . It provides for flat and three dimensional machin-
ing down to 50 µm accuracy.

This year Lambda Photometrics Ltd celebrates 25 years as a UK
distributor of lasers, electro-optics and fibre optic products.

The company was founded in 1977 by Bob Carless who has been in
the laser business since 1963, firstly as a distributor for Spectra
Physics then 10 years running Spectra's UK subsidiary before found-
ing Lambda. The company has been part of Polytec since 1993.

Managing Director Adrian Harrison added,”Lambda currently
represents a number of major players in the electro optic and fibre
optic fields and has been the UK distributor for Lexel, Quantel
and Zygo since the company was founded.”

Lexel is still a major producer of ion lasers with both argon and
krypton systems, a series of frequency multipliers and a range of
Ti:Sapphire products. Quantel has progressed from being a Q-
switched Nd:YAG and Ruby laser producer for research use to a
company offering a wide range of laser systems for R&D, indus-
trial and medical applications. 

Lambda was one of the first UK distributors to become involved
in the provision of fibre optic products in the early 1980s.
Micropositioning systems for monomode fibre alignment were
the first products supplied, the company now offers a wide range
of instrumentation and components for field testing, manufactur-
ing and R&D applications.

Lambda has continued to grow to provide specialist applications
support for the products it supplies, an important feature of the
company's policies since its start up 25 years ago.

Lambda celebrates 25 years
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Spectron Lasers and Laser Quantum of Manchester, England
have formed a partnership to strengthen their competitive edge in
the global laser market place. As part of this partnership, Spectron
Lasers has taken a shareholding in Laser Quantum, with both
companies co-operating in the development of their respective
diode-pumped laser technologies.  

“This is an ideal partnership,” said Lawrie Gloster, CEO of Laser
Quantum. “Laser Quantum has highly innovate low-power diode-
pumped solid-state (DPSS) laser technology, both current as well
as in development and Spectron Lasers is a long-established and
highly respected supplier of high-power lasers around the world.
We will cross-fertilise our ideas in key areas to increase the
growth in both companies.”

“The synergy between our two companies presents significant
opportunities and in line with Spectron’s plans of accelerating the
development of new and established products and markets,” said
Mark Greenwood, Spectron’s MD, “Spectron will be marketing
the Laser Quantum range of lasers in key territories,” he added. 

Laser Quantum specialises in leading edge low-power DPSS
lasers used in reprographics, entertainment and instrumentation,
whilst Spectron Lasers offer a broad range of standard and cus-
tomised lasers used in wide variety of industrial applications,
including marking, cutting and micro-machining.

British laser companies form strategic alliance

UK Laser partnership. Dr Mark Greenwood, Managing Director of
Spectron Lasers (left) and Dr Lawrie Gloster, Laser Quantum’s CEO
announce their co-operation in diode-pumped laser technologies

Radan, the UK-based developer and provider of CADCAM soft-
ware for the sheet metal industry and JETCAM, an international
company offering similar products, have entered into an agree-
ment for wide-reaching collaboration. An immediate conse-
quence of this collaboration is that Radan will take over full
responsibility for selling and supporting JETCAM products in the
UK, side by side with its existing product range.

Radan will also provide the Camtek Pentacut 5-axis and TubeCut
laser software products and eventually extend its sale and support
of all the products into the USA and potentially other geographi-
cal markets. The collaboration does not, however, include
Camtek’s milling, turning or wire products.  

“We have, since 1976, been a leading supplier of fabrication solu-
tions in the UK,” said Tony Billett, Managing Director of Radan.
“Our fully integrated CAD and CAM systems are unique in the
industry, but we recognize that many users look for a more mod-
ular approach to meeting their needs and wish to have the choice
of a variety of systems solutions. We already supply Radan,
Inventor and Solid Works CAD systems in such situations and
being able to offer the choice of JETCAM Expert to meet NC
programming requirement in addition to existing Radan products
is a logical extension of our solutions philosophy.”

Ivan Stern, CEO of JETCAM said, 'Traditionally JETCAM has
been a technology provider through third parties to sell and support
its products. It is appropriate therefore, that the UK should once
again revert to this status and we could not have a partner better
than Radan for this. Radan is the largest developer and supplier of
CADCAM systems for the sheet metal niche market world-wide
and we are looking forward also to extending the partnership to
collaborate with Radan in many areas, a long overdue move for
two key providers in what is a very fragmented industry.'

Radan and JETCAM collaborate
The Laser Applications Group at Culham Laboratory in
Abingdon was managed, until recently, as part of AEA
Technology. 

Now, in a further evolution of its commercial research and devel-
opment, AEA Technology has ‘divested’ what was left of the laser
group, along with Vision Systems. Trading under the name
Raditec, the business is developing remote monitoring systems
for hostile, mainly nuclear environments. In addition to
optical/laser systems building, Raditec will continue to provide
micro machining services with its copper vapour laser facilities.

Lasers at Culham move to Raditec

Hi-Tech UK have decided to change their company name to
Purex International LLP*. Even before the name change, the
company have been exclusively a supplier of Purex products.  

PUREX is well known as a manufacturer of a range of dust and
fume purification systems for protecting the environment and
ensuring the health and safety of personnel.

For nearly 20 years Purex units have been used to provide pro-
tection in applications including all types of industrial laser mate-
rials processing, as well as many more conventional processes.

A Purex spokesperson commented, “We believe that the loyal-
ty our customers show to the Purex brand is indicative of its
position and respect in the marketplace and therefore we have
taken what we feel is the natural decision.” 

All contact names, telephone numbers, email addresses, bank
account details and locations remain the same.

* LLP = Limited Liability Partnership

Hi-Tech undergo name change
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Over the past six months the Laser Centre has been extremely
busy running courses, qualifications and laser services. During
this period two new members of staff have been appointed to help
Elizabeth Raymond (Laser Centre Leader) and Andy Murray
(Commercial Services Officer) keep on top of the workload.

Ann Allan has been appointed as
Courses Administrator. Ann provides
the essential day-to-day support and
administration of courses and appoint-
ments – everything from room booking
to delegate registration!

Tony Elliott has been appointed as Laser
Services Engineer.  Tony will be respon-
sible for maintaining the laser facilities,
using the lasers, assisting with laser jobs
and providing essential administrative
support for the laser services. 

“Working for the Laser Centre at Loughborough College as a
Laser Services Engineer has been an eye-opening experience for
me,” said Tony. “No two days are ever the same; work varies
from design, research and customer interaction, to engineering,
maintenance and realisation of ideas. A wide range of inspiring
concepts and personal dedication to
design is clearly visible amongst the
work we carry out for our customers,
particularly those from art and design
colleges and universities from across
the country. With the help of Andy and
Elizabeth I have moved into the area of
lasers and laser material processing
with ease and look forward to continu-
ing to assist the Centre in making laser
use a possibility for many people who
would otherwise not have access to the
technology.”

New faces at Loughborough College Laser Centre

Ann Allan, 
Courses Administrator

Tony Elliot, 
Laser Services Engineer

Up to the end of 2001, Thomas
Devermann was a Project Officer at
the Centre for Advanced Joining in
Coventry University, mainly working
on development of industrial laser
welding and cutting applications.
During his time at the Centre he was
well known to many AILU members
for his contributions at members’
meetings.

In January 2002, Thomas took up
work at Prometec GmbH in Aachen as
a Development and Applications
Engineer for their Laser beam diagnostic and process control
equipment, in particular for the development of the PD 2000
camera-based process monitoring tool.  

Thomas graduated as a Mechanical Engineer in 1998 from the
Fachhochschule Osnabrück (Germany) and decided to come to
the UK. He worked as a Development Engineer at a company
that specialized in Plasma Welding and Plasmabraze™ systems
and applications before starting research at Coventry University
in the development of Plasma-Augmented-Laser-Welding. A
recent publication in the Journal ‘Science and Technology of
Welding and Joining’ (2002, Vol.7, No. 1) summarises the work
so far. 

“Prometec systems are now widespread not only in laser
research centres and laser manufacturers, but also in industrial
facilities for laser materials processing, such as welding, cutting
and surface finishing,” said Thomas. “The need for monitoring
of these production processes and its documentation online is
increasing, which made it necessary to develop a new monitor-
ing system. One of our newer developments is the Laserscope
UFC 60, a beam diagnostics system for continuous measure-
ment and monitoring of unfocused high power laser beams in
the manufacturing process.”

(To contact Thomas, see contact details for Prometec on p6)

LASAG, a leading manufacturer of
industrial Nd:YAG lasers for material
processing, has appointed Mario
Montanaro as it’s Regional Sales
Manager for Switzerland, Italy and
Eastern Europe.

Mr Montanaro joins LASAG with a
wealth of experience in sales and sys-
tem engineering, having previously
worked for ISD Software and Systeme
AG, Switzerland.

LASAG recruits new sales manager

Mario Montanaro

Thomas returns to Germany

Thomas Devermann

Tim, who has been giving advice on an
informal, unpaid basis since his retire-
ment from GSI Lumonics in January
2001, has now established a small con-
sultancy business under the name “Tim
Weedon”. He continues with part-time
teaching, another activity he enjoys.

Whilst much of Tim’s consulting
work has been for publishers, his 27
years’ experience in the development
and application of industrial lasers
and laser machines to manufacturing,
puts him in a strong position to help with materials processing
applications and the development of systems. 

“I get particular satisfaction from assisting groups to collaborate
in development projects,” said Tim. “I have been a participant in
a number of BRITE-EURAM and Eureka projects so I am well
aware of the drawbacks as well as the benefits of such activities.”

Tim is known to AILU members through his occasional talks and
chairmanship of two “Design for Manufacture” workshops. In
April he was elected Vice-President of AILU.

Tim Weedon available for advice

Tim Weedon

Members’ News
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Walter Lubeigt, Gareth Valentine, John Girkin and David Burns
at the Institute of Photonics based at the University of Strathclyde
have developed an automatic technique of using an adaptive optic
(AO) mirror within a laser cavity to improve the mode quality and
increase the power of a solid-state laser. The system is also useful
for stabilising the mode during laser operation, for example dur-
ing periods of fluctuating thermal load on the laser crystal.

Previously, AO mirrors have been used to reduce the atmospher-
ic distortion effects observed by astronomical ground-based tele-
scopes, with impressive results.

The key element of the AO mirror used in this work was a micro-
machined deformable Silicon Nitride membrane with a reflective
coating. The shape of the membrane was controlled by applying a
voltage to an electrostatic actuator array situated on its underside.
AO mirrors of this type have been used in cavities of CW Nd:YAG
lasers with output powers of up to 200 W and they are available
over a range of different diameters and number of actuators. 

In the work described here an AO mirror 15 mm in diameter and
with 37 electrostatic actuators was inserted into the cavity of a
diode pumped Nd:YVO4 laser. Control of the mirror was via a
standard Pentium-class PC running a generic optimisation pro-
gram, and the necessary digital to analogue and analogue to digi-
tal converters.

Sensors in the laser monitored power and mode quality. As illus-
trated in figure 1, this information was transferred to the comput-
er as part of a closed loop feedback network used for the self-opti-
misation of laser. The computer applied a “hill-climbing” algo-
rithm to maximise the power output of the laser by varying each
of the 37 actuators in turn. 

To illustrate the performance of the system, the laser was deliber-
ately misaligned to give a low power TEM01 mode. The automat-
ic optimisation was initiated and after approximately 50 seconds

the optimisation was completed. The mode had improved to
TEM00 and the power had increased by a factor of 6. 

Figure 2 shows five laser-mode snapshots taken during a typical
optimisation. The speed of the optimisation was limited by the
thermal response of the crystal resulting from a change of the
optical field induced by the AO mirror. The effective response
time of the system would be much faster if, for example, it were
used to continuously monitor and control the laser under normal
varying thermal loads. 

Further work is underway at the Institute to investigate the use of
intra-cavity AO mirrors in power scaling of Nd-based lasers.
Additional work is underway to improve the on-line sensing of
mode quality and power and to improve the optimisation algo-
rithm.

The researchers point out that the application of this technique is
not restricted to the laser type used in their current work and that,
since most modern lasers are computer controlled, it should be
straightforward to incorporate this type of optimisation into a
laser’s operating system. 

Success in automatic mode optimisation at the Institute of Photonics

Figure 2. Beam profiles from the Nd:YVO4 recorded at various intervals during an optimisation sequence. A histogram of the detected average output
power is also shown. The  benefits are not limited to this laser type and, as most modern lasers are computer controlled, it should be straightforward
to incorporate this type of optimisation.

Figure 1. Schematic diagram of the closed loop feedback network used
for the self-optimising laser

Issue 27, June 2002
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The Cutting Edge Group Ltd, (formerly Lasercut Products Ltd)
have sold their factory site for residential redevelopment and will
be moving to new larger premises later in the year. 

Investment plans for the new factory include the acquisition of a
5Kw laser system and a CNC Pressbrake capacity to enhance
their present four laser cutting and abrasive waterjet facilities. 

February 1st last was a bad day for Laserform of Drogheda,
Ireland. The company
suffered serious flood
damage. “We moved as
quickly as possible to
deal with the conse-
quences of the flooding
but for several weeks
our lead times suf-
fered,” said MD Sean
MacEntee.   

“March 13th was a
good day, however!
We took delivery of a Bystronic 2.8kW laser machine to replace
the machine damaged in the floods. The replacement machine
was fully operational by 2nd April and its arrival gave us signifi-
cantly increased capacity, resulting in shorter lead times for our
customers.”

Some lessons learned:

• Get yourself a good loss adjuster who is independent of the
insurance companies.

• As the flood waters rise, maybe forgetting to pull the door
behind you as you leave is not as disastrous as it first appeared
at the time.

• Maintain your sense of balance. For example, at our first meet-
ing with the insurance company's loss adjuster, where he was
clearly trying to size me up, I reminded him that it was a flood
not a fire!! It seemed to work .

• An unexpected event like a flood clearly separates the men
from the boys. Specifically, you will see some employees per-
form outstandingly well and others will disappoint. Overall
though it does pull people together.

• Keeping customers up to date is vital. We wrote to all of our
major customers regularly and several received daily updates
of progress. Most were understanding and appreciative of our
efforts to share the news with them - good and bad.

• If you’re moving factory (or house), first check how far you
are above the nearest waterline. If you believe you are vulner-
able, either surround your machines individually with a wall
or raise them up.

• With global warming - we are all more vulnerable than we
might think.

Silver lining after Laserform flood

Arrival of the new machine

Cutting Edge Metal Processing, Inc. has purchased it's second
Tanaka CO2 Laser Cutting Machine, a 4kW LMX V.  It will be
mounted on the existing trackage after a 17m track and table
extension. The machine was purchased for installation in their
Mobile, Alabama USA facility, where it will join a Tanaka
LMX III 6kW laser.

“Our cutting table will be over 61m long and 4m wide,” said
General manager Bob Lewis. “This table length will allow the
tabling and subsequent cutting of up to four mild steel plates
25mm x 3700mm x 15500mm.”  

Cutting Edge supplies blasted, painted, and formed cut steel, alu-
minum and stainless plate and parts to the shipbuilding industry.
They also produce standard job shop orders, though normally in
larger and thicker part sizes than is the norm.  An unusual aspect
of their business is that 95% of the plate is cut with inorganic
zinc primer applied. 

“Although we average in excess of 150,000 kg per week, we
have produced up to 250,000 kilograms of cut plate per week
with one 6kw laser.  We expect the addition of the second Tanaka
machine to substantially increase our output.  We are currently
planning for a late July or early August 2002 start-up for the sec-
ond machine,” said Bob.  

Cutting Edge (USA) adds new laser

Cutting Edge Group to move

A J Wells, a leading man-
ufacturer of multi-fuel
stoves, has become a
laser user with the pur-
chase of a Bystronic
Bysprint supplied by
Pullmax Limited.

As the company became
busier, an existing high
definition plasma
machine was unable to
handle the work-load and
this resulted in a signifi-
cant amount of production
being sent out to a laser
sub-contractor. Ultimately
the company decided to
invest in its own laser.

“As the amount of work we sub-contracted out increased it
became inevitable that we would eventually purchase our own
machine,” said Managing Director Alastair Wells. 

“Since its installation the Bysprint has transformed the sheet
metal side of A J Wells’ business. More and more work is being
run on the Bysprint. One example of the effect it has had on our
business can be seen on our new range of stoves that feature awk-
ward and very complicated panel work on the canopy.  Using our
old method a single canopy took 20 minutes to produce, on the
Bysprint it takes just 30 seconds!”

“We cannot sing its praises enough.  The machine has settled well
into our manufacturing process and within three weeks of being
installed our operators were confident in its operation.”

From 20 Minutes to 30 Seconds
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Electrox has now taken over the sales and marketing of the
Lazerblade CO2 laser cutting machine from Profile 600, a sister
company within The 600 Group. The Lazerblade was designed
and launched by Profile 600 about two years ago, but has
recently been upgraded to the ‘Lazerblade Plus’. New features
include a new Fanuc controller with open NC and PC control, a
different cutting head and up-rated bridge and drives. It also
boasts back reflection isolation, which includes a guarantee
against consequential optics damage.

Already available in 1.5kW, 2.5kW and 3.0kW versions, a still
higher power of 4.5kW will be available on the Lazerblade Plus
by July of this year.

“The Lazerblade has always been a very cost-effective
machine,” said Electrox managing director Malcolm White,
“but  competing just on cost is very difficult to maintain and can
give completely the wrong image. Yes, it is a very cost-effective
machine, but it’s a lot more than that. As a result of the excel-
lent mode quality of the Electrox laser, for example, we claim
the best edge-quality in the market.”

Metalworking 2002
The number of visitors to the Electrox stand at Metalworking
2002, where the Lazerblade Plus was on display, exceeded all
the company’s expectations. One of the two most important vis-
itors was Roger Willems, Chairman of Penn Fabrications Ltd
who placed his second order on his visit to the stand. Both
machines will be used in the manufacture of components for
Penn’s range of fabrications for the entertainment industry.

“Our first Lazerblade machine was installed only eighteen
months ago, but has already proven itself to be invaluable 

producing components for which laser profiling had not previ-
ously been considered,” said Willems, “So successful in fact
that we decided to increase capacity with the installation of a
second Lazerblade.” 

The other important visitor to the Electrox stand was Nicholas
Showman of Jali Ltd, who purchased the show machine ‘off
the stand’. 

“We produce an innovative range of architectural products for the
home improvement market in our production facility in
Canterbury,” said Showman. “Our new Lazerblade Plus machine
will enable us to expand our product range significantly.”

New laser profiling machine success

New twin-head, CO2 laser-profiling machine
Coventry-based sub-contractor DCM have been putting their new
Trumpf HSL 2502C laser-profiling machine through its paces. 

“It all comes down to space. We were attracted by its compact
design, speed and productivity,” said DCM Managing Director
Nigel Stokes. “The Trumpf machine delivers more turnover per
square metre of floor space used than any other piece of fabrica-
tion equipment available.”

Because of the greatly increased speed and acceleration of the lin-
ear-drives fitted to the X and Y-axis of the flying-optic heads on

the new machine, DCM saw more than double the output of a
their ‘normal’ single-head machine, particularly on thinner sheets.
The consequent productivity improvement more than offsets the
higher capital and running costs of the machine, compared with
single-head equivalents. 

In their justification, DCM took the productivity of their existing
Trumpf L2530 as a ‘datum’(100%), and expected their new machine
to deliver between 230 and 260% production. In fact, over the whole
spectrum of work done to date, they have achieved over 300%, prov-
ing Trumpf’s claim that the machine is three times as productive as a
single-head machine of comparable size and power.

First UK combi machine 
Aarrow Fires, UK manufacturer of wood, multifuel, gas and elec-
tric stoves has ordered a new Trumatic 6000L-FMC for their fac-
tory in Bridort, Dorset. This is a flexible metalworking cell com-
prising a Laserpress CNC combination laser/punch press and a
SheetMaster automated materials handling device. The order was
confirmed at Metalworking 2002.

“The production of Aarrows’s range of stoves and fires was obvi-
ously going to benefit from the high-quality, smooth edge finish-
es that a laser could offer. However, the ‘combi’ approach will
enable a wider range of operations to be performed with greater
efficiency by reducing machine set-ups and component han-
dling,” said Aarrow’s Managing Director John Burgis.

New Trumpf laser machines enter UK manufacturing industry

Roger Willems (left) of Penn Fabrications placing an order for a second
Lazerblade, on the Electrox stand with Malcolm White Electrox Managing
Director

The Trumpf CO2 twin head operating at DCM
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The Rutherford Appleton Laboratory Library services a user
community of 1500 staff and visitors. Subjects covered include
physics, computing, lasers, engineering, mathematics and man-
agement. The library also carries year books, directories, techni-
cal and foreign language dictionaries.

Library users have access to 28000 books and 500 current jour-
nal subscriptions. All books other than “for reference only” ones
may be borrowed. Periods range from 7 days to 3 months
depending on the type of material and the waiting list. 

A whole range of electronic journals is also available. 

The library catalogue is available on the World Wide Web at:
URL http://www.cclrc.ac.uk/Activity/ACTIVITY=LISExternal

Enquiries can be dealt with by telephone (+44 1235 446440), e-
mail (lib-extservices@rl.ac.uk) or in person. 

RAL offers information services
The Laser Centre at Loughborough College is now offering a
BTEC Advanced Award in Industrial Laser Protection. The
course is now up and running following accreditation by the
awarding body EdExcel. “This qualification offers a fresh
approach to laser protection training and education,” said Laser
Centre Leader Elizabeth Raymond “It allows people to learn at
their own pace and apply their laser application experiences to
work based assignments.”  

Another exciting area of work is in the art and design and jew-
ellry sectors where The Laser Centre provides niche laser cut-
ting, marking, drilling and welding services for many university
and commercial-based designers.  – a lively and growing sector
of business for the Centre.

Further details of the services and courses can be found at The
Laser Centre website at www.lasercentre.loucoll.ac.uk

New courses at The Laser Centre

To quote Salvagnini Sales Manager Jon
Grainger, "Salvagnini created quite a stir at
Metalworking 02 with it's linear motor driven L2
laser”  

Why two Laser Cutting Systems? 
Salvagnini produce two laser systems for cut-
ting sheet metal and plate. The L1 and L2 are
both flying optic machines and both employ
Rofin's slab CO2 laser source. The machines
differ in that the L1 uses conventional drives
for laser head manipulation whereas the L2
uses linear motors. The L2’s linear motors can
achieve speeds of 5 ms-1 and an acceleration of
more than 2.5g. Even at this high speed the L2
has a positional tolerance of ± 0.01mm. 

The L2’s benefits of speed are optimised for
cutting thin materials. When cutting materials
of approximately 6mm thick and above, the quality of cut
demands limits the cutting speed to the point where the L2
operates much as the L1 and so the linear motors are not called
for.  

Salvagnini sells the less expensive L1 machine to users who are
predominantly cutting >6mm thick steels and where the speed
of the L2 will not give additional benefits. Axis speed on the L1
can reach 1.8 ms-1 with a positional tolerance of ± 0.03 mm. 

The principle features claimed for both systems are: 

• Structure has a central load-bearing frame. This permits easy
access to the workpiece, fast and precise positioning of the
focusing head, reduced width makes the system practical to
install and subsequently to move or integrate. 

• Interchangeable fast-fitting focusing head. The head is easy
to use and maintain, an be used with 2 or 3 high/low pressure
assist gases and comes with a plug-in lens housing to elimi-
nate set up 

• Rofin DC slab-laser operating with a sealed gas circuit,
offering excellent cutting quality (M2 < 1.25, low gas con-
sumption and low laser source maintenance costs. 

First UK installation
The first Salvagnini laser cutting system sold in the UK was a
L1.30 with a 2.5kw Rofin slab laser source. The customer,
Permoid Industries in Newton Aycliffe, County Durham, man-
ufacturs chassis and body parts for manufacturers of earth
moving equipment. The installation took place in June 2002.

Permoid use sheet materials from 1mm to 20mm thick. The
quality of the cut edge in materials of 3mm and over is crucial
and the  true 90° edge that a laser cut will guarantee is impor-
tant in the bending process. When pushing the cut edge of a
sheet against the datum, if the edge is not at a true 90°, as
much as 1mm variance can be lost in the bend, making the
component imprecise. This can generate problems in subse-
quent processing of the part. 

Another benefit of laser cutting is that jobs can be more close-
ly nested on the sheet than when the parts are being punched
on a turret press. Permoid have found that they can typically
get 4% more value out of the steel when they laser cut.
Permoid’s acquisition of this laser system and their plans for
more automated operation further strengthen the company’s
ability to deliver a better service to their customers. 

Salvagnini cause a stir with high speed cutting at Metalworking 02

Salvagnini L2 on show 
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Laser Mechanisms offers a
wide range of equipment and
services to help users and
machine integrators design
and/or purchase industrial laser
beam delivery systems.

Their offerings include complete
beamline system analysis and
design for CO2 lasers, together
with individual hand assembly
and evaluation. All systems are
of a modular construction for
ease of repair and replacement.

Components include lens-based
cutting heads, articulated arms,
gas jet assemblies, vertical
slides, spatial filters, beam col-
limators, benders and splitters, beam shutters, trepanners and
boring heads, scanners, auto-focus systems, circular porarisers
and feedback isolators. Articulated arms for common industrial
CO2 lasers to a variety of motion systems, from robots to
flatbed cutters, are also available.

AccuCutter systems are available
in both par-focal and non-parfocal
versions with or without crash
protection. Several hundred differ-
ent versions are currently avail-
able, plus a wide range of other
beamline components.

A new scan lens for use in the UV has been produced by Linos
following the demand by customers moving to shorter wave-
lengths in pursuit of higher resolution systems.

• Wavelength 355 nm

• Focal length of 160 mm, giving diagonal scan field of 140 mm

• Scan angle: ± 25 degrees

• Quartz glass version available for higher laser damage threshold

• Mechanical mount: M85 x 1

Applications include DVD mastering, pre-press imaging and
laser marking. Scan lenses are also available for 405 nm, 532 nm,
633 nm, 830 nm and 1064 nm.

New UV scan lens from Linos

Bfi Optilas Ltd can now supply Photon Inc’s newest Digital
Beam Profiler Near Infrared (NIR) Imaging System compris-
ing the Indigo Alpha™ NIR InGaAS array camera, Photon
software and framegrabber card. The system provides a high
resolution IbGaAs array sensor (30 µm x 30 µm pixels) for
beam profiling. 

Coupled with Photon’s laser beam profiling software and a new
12-bit digital framegrabber card, the Digital BeamProfiler
allows true 2 dimensional profiles for wavelengths from 900 to
1700 nm.

The Digital BeamProfiler system operates either as a stand-
alone real-time profiler analysis tool or as part of an automated
test system using the ActiveX or GPIB capability.

Optilas’ new IR digital beamprofiler

Thermo Temperature Control has launched a new range of RTE
baths with cooling capabilities from 500W up to 800W and tem-
perature ranges from -40°C to +200 °C, with a stability of 0.01°C.

Starting at under £1,700 many models are available from stock
from April 2002 onwards. More information at: 
http://www.thermoneslab.com

Lasermech offers beamline solutions

RTE baths from Thermo Neslab

Bristow Laser Systems (BLS) have been designing and manu-
facturing special purpose machines and laser systems for over
17 years and are presently the largest dedicated Laser manufac-
turer in Australia. In the last 3 years the company turnover has
grown 25% per annum, with an equivalent growth in staffing
numbers. 

In the UK, David Smith has recently established the European
Agency for BLS, Bristow Laser Systems UK Ltd. "BLSUK have
many years  experience in a range of machine tools and in par-
ticular sheet metal machinery, including laser cutting machines"
he said. "With the added local support from the companies sup-
plying  the really crucial elements of the machine such as
Siemens, PRC and Rofin, together with the user friendly pro-
gramming system Sigmanest, we feel we can support the cus-
tomer to the level he has a right to expect."

David also said that it was very important to name the company
with the same name as the machine. "Too often agencies bring
machines into the UK and really don't want any responsibility
for the product once sold. In this case we hope that our name
will be linked immediately with the machine and will show our
resolve to give customer satisfaction in the UK. As we are just
introducing this range into Europe we are offering very benefi-
cial packages to establish ourselves as quickly as possible and
prove the point.

BLS machine installations include PRC lasers from 2kW to 6kW
and for the last 3 years this has been complimented by the Rofin Slab
laser up to 3.5 kW. BLS have long experience in the older technolo-
gy of ball-screw drive systems but they are also now in their fifth
year of linear drive system integration and are still the only 
company manufacturing in Australia that are using this technology.

Bristow Laser Systems establish a UK base for laser cutting machines

David Smith, MD of BLSUK



15 The Industrial Laser UserIssue 27, June 2002

Members’ News

New compact, sealed off CO2 lasers from Synrad
Complimenting Laser Lines’ existing range of CO2 (48 series
and Evolution series), Nd:YAG and Excimer lasers, the
Firestar series of CO2 lasers from Synrad incorporates three
different technologies, each matched to different market
requirements:

The Firestar v20 (20W output) is an air cooled laser of compact
design, high beam quality and fast risetime, and is aimed at the
desktop marking and engraving applications market.

For cutting and high speed coding/engraving applications, the
t60 (60W output) offers higher power from an efficient compact
design (less than 55 cm long), and is available in air- or water-
cooled versions.

Finally, the f100 and f200 offer high power, excellent beam
quality and integrated RF power supplies. A single, compact
housing mounts easily to flat bed cutters, robotic arms or gantry
system, so integration into factory automation systems is simple
and fast. 

Linear motor translation stages
Laser Lines have also recently introduced the Lineax-6TM lin-
ear servo motor translation stage. This is a new design based
on recent linear motor technology for fast and precise posi-
tioning tasks in photonics, micro-machining, automation etc.

The Lineax-6 stage is a powerful linear motor driven stage
capable of high accelerations of up to 5g and velocities up to
5 ms-1, providing it with excellent payload capacity and preci-
sion performance in demanding applications. Positions feed-
back is provided by a non-contacting solid state encoder avail-
able with a range of resolutions from 5 µm down to 12.5 nm.
Integrated with the encoder is an index pulse marker for hom-
ing the stage to a high repeatable home position. The Lineax-
6 stage has a compact envelope of only 43mm high and
152mm overall width which is claimed to be the most compact
in the industry for this power capacity. A range of standard
travels from 50mm to 450mm are available.

Single point connection facilitates the integration of this stage
either as a single axis unit, or as part of a multi-axis system.
Matching servo controls are provided by Nutec with

Micromatic-5 series digital servo control capable to control-
ling up to 8 axes, including coordinated axis motion for all
axes.

Multi-axis positioning system
Laser Lines are suppliers of a new 6-axis positioning system,
the SixShooter™. The SixShooter from Nutec Components is
a high precision positioning stage, consisting of 3 dual-axis
modules, including a patented vertical elevator stage; Y-axis
with an integrated qY, theta rotary axis; an integral com-
pounded XZ horizontal dual axis stage, topped with a dual tilt
j ZX Phi Tilt stage.

To achieve the greatest precision and dynamic performance,
all axes are equipped with high performance direct drive, lin-
ear brushless servomotors, direct drive brushless rotary servo-
motors or rotary brushless servomotors. All axes feature linear
or rotary, non-contacting, high-resolution, solid state encoders.
Based on the industry applications available Nutec felt a
brushless servo based system would offer significant perfor-
mance improvements over similar piezo or stepper based sys-
tems.The SixShooter offers unique advantages and features.
The servo drive allows high translation speeds and the digital
servo control assures extremely short settling time. The high-
resolution encoders ensure high accuracy and repeatability.
The modularity creates a compact, flexible motion platform
with a very small footprint.

Firestar, the new range of sealed-off CO2 lasers from Synrad

Laser Lines (I & M) announce new product ranges

GSI Lumonics have introduced a new generation of its highly
successful JK700TR series of pulsed Nd:YAG laser systems.
These versatile lasers are used in a variety of applications in weld-
ing, drilling, and cutting and are claimed by GSI Lumonics to pro-
vide the best overall cost of ownership for users of pulsed lasers.

The new JK700TR series lasers include GSI Lumonics patented
TR Technology, pioneered and field-proven in the model
JK704TR drilling laser. TR Technology uses a twin-rod oscillator
design to increase efficiency and decrease heat input into the laser
rods. It provides the highest beam quality for faster processing,
longer working distances, and smaller focus heads, all of which
translate into tangible end-user benefits.

In addition, the new systems include a patented power supply
which enables higher peak powers – up to 10kW – and which
enable pulse shaping, a technique which allows a user to optimize

the laser pulses’ peak power, shape, and duration to suit process
needs, increasing yields and reducing cost.

The systems also include more ruggedized, easy-to-install
Luminator™ fiber optic cabling, updated optics, and an optional
graphical user interface for simplified access to all system func-
tionality and status. Time-share and energy-share options are
available with the system.

“The JK700 series laser family, first introduced in 1986, has been
carefully refined and tested over time,” explained William
LeBlanc, General Manager of the Rugby facility. “This latest gen-
eration of the lasers extends the JK heritage as the industry’s most
reliable and proven workhorse pulsed lasers. They include key
proprietary technologies for outstanding flexibility in applications
ranging from medical device manufacturing through automotive
parts manufacturing.”

GSI Lumonics updates JK700TR series processing systems
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When I joined Davin in 1975, lens design was in its
infancy. Most of the essential theory was in place but
computing was a time-consuming task. The cost of

programmable desktop calculators was very high and many
lens designers still performed calculating tasks completely
manually. The luckier ones had programmable calculators –
mine was a Hewlett Packard HP-25 costing £115 in 1974. It was
the first pocket scientific calculator I ever owned that was pro-
grammable – I could get a raytrace program into the 49 mem-
ory steps. Raytracing and aberration calculations were possible
and lenses could be designed with it.

Using this calculator Davin progressed from being an optical com-
ponent manufacturer into an optical system house. We were able,
for the first time, to supply design solutions to customer problems.
This was a great advance on supplying ‘just lenses’. However, we
were limited to simple design tasks – doublets, beam expanders,
simple scan lenses, the occasional triplet etc. – a simple doublet tak-
ing two or three hours to design, a triplet several days. 

At that time computers were available and the larger optical sys-
tems companies were investing 10’s or 100’s of thousands of
pounds in computing facilities. Unable to make such an invest-
ment, Davin expanded its design facilities by purchasing a copy of
the lens design program developed by Professor Wynne and col-
leagues at Imperial College and using it at a computer bureau in
London. Keith Barnes and I spent many a happy day commuting to
the bureau, which became the meeting place for many of the lens
designer community in the southeast! For the first time we had
enough computing power to analyse engineering tolerances, which
proved to be somewhat of a ‘horror-show’ – many lens components
and mounting systems needed to be made to tolerances that we had
never envisaged – it also explained why we had struggled to make
some of the earlier design perform properly.

Many of the optical designers of the period were acquiring micro-
computers, HP desktops and the like. David Greening, who was
both the founder and MD of Davin at the time, had the foresight to
insist that the parent company invest in a DEC PDP11. We took
delivery in the late 1970’s and, like most other designers, I devel-
oped optical design software for in-house use.

Progressing from programmable calculators through computer
bureau to in-house computing facilities made me realise that I had
been fortunate to be working in lens design throughout this period.
Having to do lens design ‘the hard way’, it was necessary to think
through each problem using as much theory and experience as pos-
sible to extract the maximum amount of information from the min-
imum amount of data! The PDP 11 changed all that. 

As Davin grew we employed more lens designers – we had 5 at one
time – it became clear that my own program was becoming inade-
quate for the more complex tasks we were being offered and hav-
ing no manual classified it as ‘fog-ware’. It was unfair to expect the
younger lens designers to have to work their way through the code
to understand how to use the program. Fortunately, along came
Zemax – surely the best value design software ever written? 

As designs get more complex it
becomes more important to tolerance
them accurately, and even today’s
PCs can take 30 minutes on toleranc-
ing runs! Yes, we really need power-
ful number-crunchers.

So, having rambled on my favourite
subject I am brought to earth by the realisation that I was supposed
to write on ‘ a day in the life of….’ and have instead written a his-
tory of lens design computing at Davin!

I am very fortunate to have worked in Davin for so many years in an
environment that has let me learn and understand optical design in
great depth, that has given me an experience of lens design over a
very wide range of problems in different industries, and the oppor-
tunity to work with and guide the manufacturing and testing
processes. The time taken to progress a design through to manufac-
ture and test and then to the customer may only be 8 or 10 weeks and
with such relatively short cycle times one really has the opportunity
to ‘learn the job’. Few lens designers have had the privilege (for
indeed, it is a privilege) to work so closely with production and test.

A ‘good’ typical day is illustrated by one I can recall at the end of
last year. In the morning was a meeting at Davin with a potential
new customer in a field that was new to me – transferring cine film
to digital form for TV broadcast. The customer had designed his
own, complex, high performance semi-apochromatised relay lens
and wanted Davin to build it. He had decided that this was neces-
sary as he had been buying lenses from another supplier that sel-
dom performed to specification. We had long discussions on the
potential problems and were immediately able to guide our visitor
on how to improve the engineering of the product and more impor-
tantly, how to reduce the lens count and how to select much cheap-
er glass types. We later fixed a price for the lens, received the order,
toleranced the design, designed the lens mount, built the lens, test-
ed it for mtf and supplied the lens. He was extremely pleased as it
out-performed anything he’d ever used and is now on the way to
being one of our larger customers. 

The afternoon was set aside to sort out a problem with a laser scan-
ning head that we supply regularly to a good customer. This is a dif-
ficult product at the best of times as it has 16 lens surfaces and five
mirrors which must introduce no more than about 1/5th wave of
residual error – no mean feat! However, the customer had returned
one that didn’t quite perform on delivery, though we had believed
that it was good on test at Davin. A few tests and phone calls, some
work at the computer with Zemax, we were able to determine that
there was a minor discrepancy between our test and his use of the
system. We were able to re-shim the f-theta scan lens under a slight-
ly different set of test conditions, re-align and re-ship the scanner –
all within 4 hours! It worked and the customer was happy!

It has been a privilege to work for Davin with so many great col-
leagues and friends. Most days I can still go home thinking I’ve
learned something – it’s been a great day! Oh, and by the way, we
do design and make a lot of CO2 optics at Davin.

A Day in the life of ....

Eddie Judd
The Technical Director of Davin Optronics reflects on the challenges of optical design 
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As a young salesman, selling aluminium extrusions, I
had a key customer, an architectural company, that
gave us a lot of valuable turnover. All the business

was more or less straightforward, apart from one part. All
the drawings were to a standard BS tolerance, apart from
for this one extruded part, which was to Class A
Engineering tolerance. Its production represented a night-
mare of a job, particularly section flatness across a wide face.
Despite 100% inspection, a regular 20% would get rejected as
being out of tolerance. A nightmare!  

If we had been supplying this section alone, we’d have walked
away from the job a long time ago, but it was just a fraction of a
percent of £100K annual turnover that this customer gave to us,
and we were the sole supplier. My employer had taken the view
that we live with it, rather than rock the boat and risk letting a
competitor in.

I’d been in the job about a year when I had occasion to visit this
customer’s shop floor. While I was there I saw the “problem”
extrusion being assembled into the end product. I did a double
take, because it was obvious even to a non-engineer like me that
the way that this part was being used, tight tolerances were nei-
ther necessary nor appropriate.

Enquiries with the man doing the assembly revealed that this
extruded part caused him constant headaches, because there were
always shortages due to his Goods Inward invariably rejecting a
proportion of the delivery, and there was never enough buffer in
stock to cover! (The galling thing is that a feature of the assembly
of this particular part was the liberal use of a big hammer!)

It seemed that a visit to Goods Inward was appropriate, and I
introduced myself to their Inspector. He was of the 1950’s school
of English workman. It wasn’t his job to question whether or not
tolerances were appropriate – if the drawing had tolerances, then
he checked to the tolerances – period!

I next visited the Buying Department and introduced myself to the
buyer responsible.  “Look,” he said, “Engineering and Design are a
law unto themselves. I hear what you say, but it’s not up to me to
make a decision on tolerances.”

When I introduced myself to the team at the Engineering &
Design Department I was told that the man responsible for the
drawing had left the company sometime previously, but, yes, he
had come from a machining background, and the only tolerances
that he ever put on drawings were Class A ones. It was his “thing”.
I went through the history of problems that these tolerances had
been giving us, and the fact that, it seemed to me, this part didn't
need to be toleranced at all. They agreed, and expressed astonish-
ment that this had been happening at all. “Why didn’t somebody
tell us before?” is the line that I remember.

So I went back to the Purchasing Department, and when I told the
Buyer what Engineering had said, he replied, “Why didn’t some-
body tell me!”

When I told the Goods Inward Inspector he replied, “I wish some-
body had told me! I dread this job because it costs me so much time.”
I suggested that they talk to the man on the shop floor, whose life was
being made awkward because a lack of communication was affect-
ing his ability to hit his bonus targets!

The drawing was changed, and from that day on we never had any
more problems; profits rose too! But it taught me an early lesson
– it always pays to make tight tolerances and other component
features an agenda item on sales visits to the customer. It never
hurts to ask why things are thought to be necessary – especially if
it’s costing you money!

Salesmanship is built on lessons learned the hard way, and anoth-
er one of these is the timing of visits and phone calls to prospects:
e.g. phoning two minutes before knocking off time probably isn’t
the best time to get the buyer’s attention! First thing on Monday
morning is bad; ditto at just before lunchtime. All the textbooks
on selling recommend that the best time to make contact is just
after lunch. The buyer is refreshed with a high blood sugar, and
has usually got the opening problems of the day sorted out: so, the
theory goes, he/she is receptive to contact. I usually leave my sell-
ing calls until this time, particularly when I’m making that all-
important first contact, trying to introduce my company and win
new business.

The other lesson in salesmanship, that all successful salesmen
learn, is that you need to find and sell to the person who actually
makes the buying decisions.  Sound obvious?  I guarantee that any
new, (and not so new!), salesman will fall into the trap of assuming
that the buyer always makes the buying decision. Not so!  Some
buyers are re-order clerks, the buying decision having been made
elsewhere. In small companies, it is often the M.D. who makes the
decision. Part of the skill of salescraft is asking the right questions
to establish just who does make the buying decisions.

Similarly, beware the person who, having TOLD you that they
make the buying decision, then seem suddenly coy about placing
an order. Again, very early in my career, I made contact with a
prospect who expressed delight at my product. This was a
Willenhall-based lock manufacturing company.  I called in about
once every month and invested a lot of effort in cultivating a rap-
port with the buyer. I used to take him out to the pub at lunchtime,
and expressed infinite interest in his boring hobbies – in short I
worked hard!  

Every time that I asked for an order, he went coy and came up
with a good reason why he couldn’t write the order out.  This went
on for so long that I realised that something was wrong. I plucked
up courage one lunchtime down the pub to ask him straight out
whether or not he actually had authority to give me an order. He
told me sheepishly that he had not. His boss was the only one
authorised to buy “high cost” items (however defined) but, he
said, he’d really plugged our case to his boss, but to no avail.   

Never assume anything!

More disjointed jottings

Never assume anything!
Peter Charnley

RE Cooke & Son (Burton) Ltd
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Neil Main, 18, 14, Feb 00

Controlled thermal shearing of glass
Karen Williams, 18, 15, Feb 00

Fast piercing for efficient cutting
Pieter Schwarzenbach and Ian Stirling, 19, 15, May 00

When to use a Nd:YAG laser for cutting
John Powell, 19, 17, May 00

Status of 2D and 3D laser cutting
David Taylor  22, 14, Mar 01

High speed and thick section CO2 laser cutting
F Schneider and D Petring, 25, 20, Dec 01

Special cutting

Laser slotting
W O’Neill, 1, 18, Nov 95

The use of lasers in the dieboard industry
P Dawson, 3, 21, May 96

CO2 laser cutting of polymers:problems and solutions
Steve Hastings  21, 22, Nov 00

Cutting stainless steel with a dual focus™ lens
John Powell et al  22, 11, Mar 01

How do I laser-cut Kevlar fibre?
Q&A, 24, 11, Sept 01

CO2 laser cutting of aluminium alloys
J Powell, 24, 13, Sept 01

Water-jet cutting: the way forward
C Gee, 25, 18, Dec 01

High speed and thick section CO2 laser cutting
F Schneider and D Petring, 25, 20, Dec 01

Thick mild steel place cutting with a spinning Nd:YAG laser
beam
James Harris and Milan Brandt,  26, 24, March 02

Nozzles and assist gases

Process assist gases for laser cutting of steels
J Gabzdyl, 4, 23, Aug 96

Laser cutting stainless steels: the choice between Oxygen
and Nitrogen as a cutting gas
J Powell, 5, 24, Nov 96

Supply systems for high purity gases
M Faerber and I Stares, 8, 19, Aug 97

Laser cutting practice: gas jets and nozzles
W O’Neill, 9, 10, Nov 97

Gassing about nozzles
B Ward and J Fieret, 9, 13, Nov 97

High speed gas jets
W O’Neill, 12, 12, Aug 98

Laser quality steels

Steels for improved laser cutting
Editorial, 8, 16, Aug 97

Steels for enhanced laser cutting performance
A Thompson, 16, 19, Aug 99

Drilling
Making ductile composites
R Ford, 6, 29, Feb 97 

Laser hole drilling
Editorial, 7, 24, May 97 

Laser patterning of 3D shaped structures (TRILAP)
Stephen Morgan, 19, 34, May 00

Laser stop-off and anti-spatter media
David Stroud, 20,20, Aug 00

Laser processing in Rolls-Royce
David Stroud  21, 9, Nov 00

Drilling of high quality micro-holes
Friedrich Dausinger  22, 25, Mar 01

CVL laser drilling of fuel injection components
Martyn Knowles et al  22, 28, Mar 01

How do I enlarge a laser drilled hole?
Q&A, 23, 13, June 01

Effect of processing gas in the single pulse laser drilling of
titanium
William Rodden et al, 23, 23, June 01

Marking 
The 2D data matrix code: its application in the healthcare
industry
D Telford, 2, 7, Feb 96

Laser marking with Excimers
E Harvey, 4, 16, Aug 96

Laser marking comes of age with CO2 lasers
D Clarke and S Knight, 5, 18, Nov 96

Laser coding - what are the choices for the future?
I Gostling, 7, 22, May 97 

Lasers in marking and coding
C Ireland, 13, 20, Nov 98

An introduction to data matrix codes
Geoff Shannon, 19, 25, May 00

Diode-pumped solid state lasers
Götz hoyer et  al , 20,14, Aug 00

Cold laser marking with UV
John Abbott, 20,15, Aug 00

Sealed CO2 lasers
Geoff Shannon, 20,17, Aug 00

Slab CO2 lasers
Denis Hall, 20,18, Aug 00

New CO2 power controller set to revolutionise the market
Steve Hastings, 23, 14, June 01

How do I avoid contamination during laser marking
Q&A, 24, 23, Sept 01

Improving contrast of laser marks on wood
Editorial, 25, 35, Dec 01

Micromachining
Micromachining by Excimer laser
E Harvey, 1, 12, Nov 95

Fine pitched stencils for SMT - the laser solution
K Baker, 3, 12, May 96

Advances in copper lasers for micromachining
M Knowles, 10, 18, Feb 98

A broader view of laser micromachining
C Ireland, 10, 20, Feb 98

Industrial applications of pulsed lasers
M Gower, 12, 26, Aug 98

Micro-fabrication employing high-resolution imaging stere-
olithography
C Chatwin et al, 15, 31, May 1999

The Oxford microengineering cluster
Editorial, 16, 32, Aug 99

Specifying micro-features for laser machining
Martyn Knowles, 18, 24, Feb 00

Precision laser processing with slab waveguide CO2 lasers 
Gavin Markillie et  al  , 19, 30, May 00

Short laser pulses for material processing
Andreas Ostendorf, 20,26, Aug 00

High speed, large area UV micromachining
Andreas Ostendorf et al, 23, 20, June 01

Three dimensional laser micro-patterning: the manufacture
of complex RF attenna
M  Charrier et al, 24, 24, Sept 01

Investigation of multi-wavelength DPSS laser micromachin-
ing of stainless steel
L Tunna et al, 24, 28, Sept 01

Laser displaces EDM in pin manufacture
S Elmes et al, 25, 35, Dec 01

Laser assisted manufacture of a GPS antenna
Oliver Lleisten et al, 26, 34, March 02

Rapid Prototyping
Rapid prototyping and manufacturing technology
M Murphy, 3, 15, May 96

Laminate solutions to rapid manufacture
T Hoult, 5, 31, Nov 96

Laser based rapid production technologies
W O’Neill, 13, 39, Nov 98

Laminated Metal Tooling
B Bryden and D Wimpenny, 15, 13, May 1999

Using lasers to grow 3D objects in stainless steel
Rhys Morgan  22, 20, Mar 01

Laminated tool manufacturing by laser cutting and diffu-
sion bonding
Sabine Saendig et al, 26, 27, March 02

Welding
Laser hermetic sealing
E Kuger et al, 1, 15, Nov 95

Electronic package welding
N Main, 3, 22, May 96

Plasma arc-augmented laser welding
I Johnston, 5, 15, Nov 96

Selecting parameters for laser welding
D Havrilla, 8, 17, Aug 97

Laser weld cracking: the NO problem (question & answer)
T Weedon, 8, 18, Aug 97

Laser fabrication of tailored blanks
C Bratt, 11, 18, May 98

Laser welding in car body production
C Emmelmann (extract), 11, 20, May 98

Nd:YAG laser tailored blank welding
M Naeem, 12, 23, Aug 98

Laser welding for structural fabrication
S Riches and D Russell, 13, 32, Nov 98

A simple approach to laser blank welding
T Auty, 15, 23, May 1999

Laser beam welding with robots in the automotive industry
P Rippl, 15, 26, May 1999

Laser welding with low power CO2 lasers
C Williams, 17, 28, Nov 99



Deep penetration welding with diode lasers
Dirk Petring, 18, 17, Feb 00

Arc-augmented laser welding
Nic Blundell and Thomas Devermann, 18, 18, Feb 00

Remote Welding - a new concept in high power welding
Tim Holt, 19, 10, May 00

Designing for laser micro-welding
Tim Weedon, 19, 23, May 00

Ultrasonically-modified laser welding
Nicholas Longfield et  al  , 19, 24, May 00

Hybrid welding with a CO2 and diode laser
Steffan Bonß et  al  21, 26, Nov 00

Laser welding fabrics using IR-absorbing dyes
Paul Hilton  21, 29, Nov 00

Applying laser welding to heavy engineering
Alan Thompson  22, 18, Mar 01

Conduction welding with diode lasers for the aerospace
industry
S Williams et al, 24, 18, Sept 01

Control of weld distortion by thermal tensioning
S Williams et al, 25, 25, Dec 01

Laser welding on the fly with coupled-axes systems
A Klotzbach et al, 25, 32, Dec 01

Other processing applications
Precision CO2 machining - Fibre lenses
L Forrest, 9, 17§, Nov 97

Laser Assisted Deep Drawing
Editorial, 10, 34, Feb 98

Laser hardening in practice
I Hawkes, 17, 20, Nov 99

LasershotSM peening of metals 
Peter OíHara, 19, 27, May 00

Laser surface cladding and its application in additive man-
ufactring
Matt Murphy, 20, 30, Aug 00

Laser cladding research and applications in Australia
Milan Brandt  21, 16, Nov 00

Combining forming tools and laser beams
Jonny Magee et al  21, 32, Nov 00

Laser assisted assembly
Andrew Holmes et al  22, 30, Mar 01

Successful NDT technique for laser welds
Stephen Ainsworth, 23, 17, June 01

Innovative hybrid welding in an industrial application
Stefan Kaierle et al, 23, 25, June 01

Diode laser transmission welding of nylon
Ian Pashby et al, 23, 28, June 01

Laser adjustment of reed switches
E Verhoeven et al, 25, 28, Dec 01

Flexures and flexural pivots
David Brown, 26, 30, March 02

Comparison of solders for diode laser use
Tony Hoult et al, 26, 36, March 02

Measurement and inspection

Laser irradiation transient thermography
J Fieret, 2, 20, Feb 96

Coherent optical inspection for aerospace manufacture
S Parker and P Salter, 3, 24, May 96

High speed pulsed laser diagnostics
K Errey, 3, 26, May 96

3D laser doppler velocimtry
R Tatum, 5, 25, Nov 96

The application of non-contact laser measurement in auto-
mobile assemblies
S Ainsworth, 11, 26, May 98

Remote materials analysis using laser-induced breakdown
spectroscopy
AWhitehouse, 17, 26, Nov 99

Successful NDT technique for laser welds
Stephen Ainsworth, 23, 17, June 01

Management 
Maintaining the shop floor
A Parker, 3, 18, May 96

Maintaining the shop floor - part 2
A Parker, 5, 13, Nov 96

Interdisciplinary approach to training
G Masciadrelli and N Massa, 8, 30, Aug 97

Sub-contract laser profiling in Ireland
S MacEntee, 12, 10, Aug 98

Profitability and competitive advantage in job shop man-
agement
C Bailey et al, 14, 10, Nov 99

Business development for technology-based organisations
D Camilleri, 15, 14, May 1999

KAIZENITH™ A novel approach to change management
S MacEntee, 16, 16, Aug 99

A system for finite scheduling in laser job shops
A Ostendorf et  al , 17, 35, Nov 99

The laser job shop in Germany
Jürgen Schramm  21, 15, Nov 00

From brush-on metals to lasers for welding
Phil Collins  22, 10, Mar 01

Are your laser operators suitably trained?
Editorial  22, 17, Mar 01

A step by step guide to EU funding support for SMEs
Ken Watkins  21, 35, Nov 00

Industrial expectations from research centres
Clive Ireland  21, 37, Nov 00

How do I avoid contractual problems when purchasing an
integrated system?
Q&A, 23, 13, June 01

Salesman’s Licence
Peter Charnley  25, 14, Dec 01

Day in the life of a laser operator
David Lindsey  25, 15, Dec 01

Laser machine finance: a new dawn?
Steve Gee, 26, 17, March 02

Value added for laser job shops
Jay MacFarlane, 26, 18, March 02

More disjointed jottings: Competitive advantage
Peter Charnley, 26, 20, March 02

Upgrading your quality system to ISO 9001:2000
John Powell and Tony Brearley, 26, 22, March 02

Safety and Standards
General
A practical approach to risk assessment
M Barrett, 3, 27, May 96

Work equipment regulations
D Price, 3, 29, May 96

Standards Update
S Walker, 10, 22, Feb 98

The Machinery Directive
M Barrett, 13, 13, Aug 99

Listing of laser processing standards
M Green, 14, 34, Nov 99

Listing of relevant laser standards
Mike Barrett and Mike Green  22, 33, Mar 01

The new laser hazard classification scheme
Mike Green, 26, 38, March 02

Optics and beams 
Laser power, energy, beam standards
P Hilton, 1, 24, Nov 95

Launch of laser power calibration service
G Wlodarczyk, 7, 19, May 97 

Recent developments in beam measurements
B Ward, 25, 37, Dec 01

Quality and performance 
A benchmark standard for laser processing machines
B Tozer, 2, 12, Feb 96

All standard stuff
D Price, 2, 23, Feb 96

Standards for optical components
M Barett, 9, 25, Nov 97

Standards for laser welding
D Russell, 11, 31, May 98

Safety standards
Machine

ISO 11553 safety of laser processing machines
M Barrett, 6, 27, Feb 97 

A new standard: EN60825-4 laser guards
M Green, 10, 25, Feb 98

Q&A’s Responsibility for providing a safe machine
M Barrett, 16, 20, Aug 99

Yet another directive to worry about?
M Barrett, 17, 34, Nov 99

Current status of the laser guards’ standard
Mike Barrett  22, 32, Mar 01

Hidden dangers behind the Class 1 label

Editorial  22, 34, Mar 01

Risk assessment for industrial laser cabins 
Erwin Heberer, 23,  30, June 01

How safe should laser safety shutters be?
M Barrett, 24, 22, Sept 01

Safety in laser machine design
M Barrett and M Green, 24, 31, Sept 01

Laser beam

Shutter and goggles for Argon lasers
Q&A, 2, 21, Feb 96

Eyewear near CO2 laser cutting tables (question & answer)
Q&A, 4, 29, Aug 96

The role of measurement in laser safety
Q&A, 5, 28, Nov 96

How safe are visible alignment lasers
Editorial, 9, 25, Nov 97

Q&A - Safety eyewear for short pulse lasers
Mike Green, 18, 21, Feb 00

SAFEST: a new EUREKA laser safety project
Mike Green, 23, 33, June 01

Fume

Dealing with laser generated fume
J Powell, 3, 23, May 96

The fume hazard in laser materials processing of organic
materials
H Haferkamp et al, 14, 30, Nov 99

Dealing with plastics fumes during laser cutting
M Green and J Powell, 15, 12, May 1999

The need for fume extraction in laser cutting and marking
P Mullins, 16, 21, Aug 99

High Pressure Gases

Gas safety for lasers
G Creffield, 6, 26, Feb 97 

Chemical

Disposal of Zinc Selenide Optics (question & answer)
Q&A, 2, 8, Feb 96

Other

Are RF-excited lasers a risk to wearers of heart pacemakers?
Q&A, 23, 19, June 01
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Any serious optical manufacturer should have the
ability to measure all the optical properties of a lens
or mirror before sending it out to a customer.

Modern optical test equipment provides sub micron mea-
surements (nanometres are an everyday unit of measure-
ment in today’s optical manufacturing) and at LBP, for
example, we will often have measurements and test equip-
ment independently verified at the National Physical
Laboratory to ensure accuracy. 

We suspect though, from parts returned to us for repair or identi-
fication, as well as from other clues from customer observations,
that the properties of an optic in use can be quite different from
those so carefully measured in the optics’ manufacturers nice,
clean, cool test facility. Could it be that we have been wasting our
time and money?

A Zinc Selenide window 
IFSW Stuttgart have reported real results and software predic-
tions, on how a transmissive element behaves in a laser, rather
than on a test bench.

Figure 1 shows the temperature profile of a window in a 1800W
CO2 laser. The window is 38mm diameter, and here a radial sec-
tion from the centre, to one of the edges is shown. The vertical
lines are isotherms (points of equal temperature) and describe the
temperature variation across, and through the window. The win-
dow has an uneven temperature gradient from 20 degrees at the
edge, to 33 degrees or so in the centre.

This variation in temperature has two effects. Firstly, the refrac-
tive index (or focussing power) of the material varies with tem-
perature giving a variation in optical power. Secondly, the win-
dow or lens physically “bulges” in the centre, and this also
changes the optical properties. The question is: is this temperature
gradient significant?  

Optical distortion
It is possible to measure the optical distortion caused by this
unavoidable heating, but sadly impossible to interpret the answer in
terms of X% slower cutting, or Y% reduction in edge quality. For
physicists, the distortion is expressed as 4 µm of Optical Path
Difference (OPD). For everybody else this can be though of as
around 10 times worse than a typical manufacturing tolerance or 20
times worse than a 5” f.l plano/convex lens in a test environment.

Many readers will have seen the incredibly fine and razor sharp cut-
ting performed by low power (5 – 50 Watt) CO2 lasers. So I would
like to pose the question: how much of this is due to the better beam
quality inherent in these low power lasers and how much is due to
the negligibility of heat-induced optical distortion?

Time scale of distortion 
Figure 2 shows the growth of optical distortion with time. Each
curve gives the OPD (our chosen measure of distortion) after 0.5
seconds from turning the beam on, for the first 2 minutes. It
shows that it takes 20 – 60 seconds for the window or lens to “set-
tle down” to a steady state.

I’m sure this “thermal inertia” effect is familiar to many laser
users. How often have readers found their initial set up is fine,
only to see the cut drift off during the first metre or less of cut-
ting? Or perhaps, when making mode checks, had a suspicion that
the beam profile changed over the burn duration. Those who like
to take a “hot burn” and a “cold burn” to distinguish whether the
laser was running some time before the burn, clearly have a point.

It should be noted that mirrors will have a completely different
behaviour with regard distortion and to “thermal inertia” time
scale. This will be the subject of another article.

And finally...
More than 10 years ago there
was an old wives tale that flat
laser optics should be manufac-
tured quite a bit concave from
the desired specification, to off-
set the effect of distortion due
heating in use. Like most old
wives tales there is more than a
grain of truth in it.

Figure 2. Timescale of distortion. The curves show the OPD across
the ZnSe lens at different times under the conditions in figure 1,
from 0.5s to 2 minutes.

The behavior of optics at high power
Mark Wilkinson

Laser Beam Products Ltd
Stratton Park   Dunton Lane   Biggleswade   Beds  SG18 8QS

T: +44 1767 600877   F: +44 1767 600833   E: sales@lbp.co.uk   

Figure 1. Temperature profile of a ZnSe window in a 1800W CO2 laser after 60 seconds
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UK manufacturers appear to be missing out by not
making more use of tube as a raw material. Certainly,
our international competitors make great use of tube

for structural components, particularly in the manufacture of
automotive parts, furniture, leisure and healthcare equip-
ment, and tooling. 

Tube’s attractions include its availability in a wide range of sizes,
shapes, materials and finishes.  It has a high section modulus for
its weight. However, possibly of greatest interest to AILU mem-
bers is its convenience as a raw material for products made in
small batches.

The most common processes applied to tubes are cutting it to
length and bending. Although it is rarely economic to use a laser
machine to cut to length as an isolated activity, the process
becomes economic if the machine is processing other areas of the
part as well, or if the required cut is not straight, or if special con-
siderations apply, for example very thin tube or very hard mater-
ial. Lasers are also used occasionally for straightening tubular
parts in demanding applications, but there are currently no pro-
duction applications of lasers to bending that we are aware of.

Tee-joints and branches
Lasers have a potential role whenever tubes are to be joined
together, first in the cutting of the tubes and then in welding

them together. The more
precise the fit-up before
joining, the more successful
will be the joint. The more
complex the joint, the
greater is the case for using
lasers, but in any event the
opportunity to eliminate the
cost and weight of fittings is
a key advantage.

A good fit implies cutting
complexity. The top illustra-
tion on the right shows the
shapes that must be cut,
whether the branch abuts the
main tube or inserts into it.
This basic configuration has
the disadvantage that tooling
is required to locate the parts
during joining.  This reduces
access and becomes very
annoying if a variety of joint
angles is required, as in cus-
tom cycle manufacture.

It is attractive to design the
parts with features that elim-
inate the need for tooling and
an example of how this can
be achieved is shown in the
bottom illustration on the right. The form illustrated here may be
modified to make the branch lock into the larger tube.

When the branch is the
same diameter as the main
tube, the laser offers a
neater solution as shown on
the right, in which the cut is
always directed towards the
point of intersection of the
two tube axes. This too may
be modified to permit the
parts to be locked together.
Once the parts are cut to fit well, they may be joined by 
welding, brazing or adhesive bonding.

When tubes are to intersect at angles other than 90 degrees, or
when their axes do not intersect, the geometry becomes more
complex. This is however not a problem to suitable CNC
machines. In addition, the low force of  laser cutting is a key 
benefit for thin tubes. 

The exhibition part on
the right suggests the
wide range of  joint
possibilities and
includes several lock-
ing configurations.

Could you be more competitive by using tube?
Tim Weedon

Consultant
Brindley House   66 Main Street   Newbold-on-Avon   Rugby   CV21 1HW

T: 01788 560960 E: tmweedon@aol.com

A simple branch showing (top) the
cut complexity and (bottom) modifi-
cation to improve location.

Joining tubes of equal diameter
(courtesy of BLM-Adige)

Exhibition part 
illustrating many joint
possibilities
(Courtesy of Pullmax Ltd.)

Laser use in tube manufacture
Seamed tube is joined by a wide variety of welding and 
brazing technologies including CO2, YAG and direct diode lasers. 

The laser welding
head is integrated
with the final stage of
the tube-forming mill,
where strip is closed
to form the tube. The
benefit is improved
process consistency.

Direct diode welding head on a tube mill
(Nuvonyx photo supplied by AMS Technology Ltd.)

Laser-fabricated bicycle frame
(Courtesy of Trumpf Ltd.)
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Welding
Tube-to-tube welding
Simple as it appears, the
laser welding of domestic
towel-rail radiators is a task
generally employing one or
two robots.  The machine
layout must be designed
very carefully to ensure that
all of the weld path is
accessible to the welding
head. Although more
expensive than MIG or TIG
welding, the process is used
because the resulting high cosmetic quality eliminates much of
the post-weld preparation for painting or plating.

Tube-to-tubeplate welding
The procedure for tube to tubeplate welding with a laser is little
different from the use of arc processes. However, there is some
variety in the approach taken to deliver the beam and manipulate
the focus.

For large boilers and heat-exchangers,
it is more common to use a robot to
manipulate the beam, which is deliv-
ered either by optical fibre from a YAG
laser or by a flexible beam guide from
a CO2 laser.  Smaller assemblies may
be made using a three or five axis
machine, the work being taken to the
laser. The robot effectors often take the
tube bore as a mechanical reference.

Tube repair
A specialised application concerns in-
situ repair of worn or corroded
pipework by the insertion of sleeves.
The welding is performed by an effec-
tor inserted into the tube bore, work-
ing from the inside outwards.  Most
commonly a YAG laser and fibre-
optic beam delivery are utilised but
CO2 systems have been used. A common application is the repair
of nuclear reactor steam generators, in which the laser with all its
control and services are installed in a trailer, from which the beam
delivery is unrolled rather like a fire-hose.

Tube cutting systems vary widely from the addition of a sim-
ple rotary stage on an X-Y machine to the sophisticated dedi-
cated machines, examples of which are illustrated on the right. 

In addition to the laser, beam delivery, motion systems and
safety enclosure, complete tube-cutting machines may
include: automatic or manual loading and/or unloading; tool-
ing to cope with non-circular tubes and profiles; means to pre-
vent back-wall damage; steadies for long parts; a live tail-
stock; means to locate a tube seam; gauging to locate tube or
profile features; assist gas nozzle with automatic height con-
trol; multiple simultaneous cutting heads; fume extraction;
automatic swarf removal; tube structure design CAD.

Machines may be able to cope with tube up to 0.5 m diameter
or up to 8 m long, and may have from two to five axes.

As there is considerable variety in the capability and 
implementation of ‘standard’ systems, and seemingly endless
possibilities for custom systems, it is most important for the
potential purchaser of a tube-cutting machine to define the
spectrum of work to be undertake before investigating the
seductive range of wonderful machines on the market. A
critical decision is whether the purchaser needs a dedicated
tube cutting machine or a multi-purpopse machine e.g. a five
axis cutting machine or a flat-bed cutter with tube cutting
capability.

Cutting-only machines are generally based on a ‘convention-
al’ architecture of linear and axes with great variety in how
these axes are distributed between moving the work and mov-
ing the focus.  Tube welding systems, and those that weld and
cut, often make use of articulated arm robots. Robot-based
systems may use the robot to move either the work or the laser
processing head.  The systems that are used to laser weld com-
plex tubular frameworks, for example, almost always utilise
one or more robots.

Laser tube-cutting machines

BLM Adige  LT 652

Bystronic  Bytube

Trumpf  Tubematic
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Stent cutting and fine tube processing
An intriguing small-scale
application is the manufac-
ture of stents, either by cut-
ting from tube or by welding
from wire or tubular compo-
nents.  Stents are scaffolding
used to hold open blood or
other vessels. They are 
collapsed for insertion by a
catheter and then open up
when they are in place.
Their diameter can be from a 
fraction of a millimetre
upwards.

Stents are made in a wide
range of designs to meet the
specific needs of their appli-
cation and of the surgeon
installing them.  Their man-
ufacture has stimulated the
development of machines
and processes which are
applied to the manufacture
of other products from fine
tube, for example small fil-
ter screens.

Whilst most of the examples
provided here utilise
Nd:YAG or CO2 lasers,
Copper Vapour and Excimer
lasers are also sometimes
used for fine machining of
tubular components, includ-
ing non-metal tubes. 

Design Aids
Designing the intersection of
tubes, even using a general purpose CAD system, is not simple (as
I found trying to prepare illustrations for this article!), but is made
easier by the capable CNCs fitted to tube cutting machines.
However, CAD software is now available to allieviate these diffi-
culties, starting with those that simply ‘wrap’ a 2-D CAD round the
tube and including packages that allow the designer to position tube
axes and define tube profiles and leave it to the software to compute
the cut geometry and produce the CNC programme to cut the parts.

The selection of a suitable CAD or CADCAM system is an essen-
tial part of the specification process, if the best result from
machine investment is to be achieved.

Acknowledgement
My sincere thanks go to the many AILU members who replied to
my request for help with this article and especially to those who
then checked the draft summary.

Stent manufacture: an example of
fine laser cutting
(Top picture courtesy of Medtronic AVE,
lower pictures courtesy of Rofin-Baasel)

Fluid metering device machined by
CVL. The wider slot is 0.6 mm long
(courtesy Oxford Lasers)

Responses to Tim Weedon’s laser tube processing survey
see important notes at end of table

Advanced Engineering Technologies Ltd
Contact: David Birch
sales@aetuk.freeserve.co.uk 

Charles Day Steels
Contact: Phil Dodds
PhilD@daysteel.co.uk
http://www.daysteel.co.uk/ 

Cirrus Laser
Contact: David Connaway
dc@cirrus-laser.co.uk 
http://www.cirrus-laser.co.uk/ 

Creganna Medical Devices
Contact: Eoin O'Madagain
eom@creganna.com
http://www.creganna.com/ 

Inducto-Heat
Contact: Ian Hawkes
ian@inducto-heat.co.uk 
http://www.inducto-heat.co.uk/ 

Micrometric Techniques
Contact: Neil Main
neilmain@micrometric.co.uk 
http://www micrometric.co.uk/ 

N G Bailey
Contact: Martin Cook
martin.cook@ngbm.co.uk 
http://www ngbm.co.uk/ 

Reekie SteelTec Ltd
Contact: Rory McLeod
sales@reekiesteeltec.com 
http://www reekiesteeltec.com 

Syspal
Contact: Chris Truman
Chris.Truman@syspal.co.uk
http://www.syspal.co.uk

The Cutting Edge
Contact: John Bishop
Johnbishop999@aol.com 
http://www.thecuttingedge.co.uk/ 

The Laser Cutting Company
Contact: Andy McCulloch
andy@lasercutting.co.uk 
http://www.lasercutting.co.uk/ 

Suppliers of Tube Processing Services
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IMPORTANT NOTES: This information is prepared to help those who wish to consider using laser tube processing, and who would like to identify potential service providers or equipment
suppliers  It summarises the author’s understanding of the responses received to an enquiry to all members of AILU in January 2002 and is not intended to express an endorsement of the prod-
ucts or services of the companies listed or to imply criticism of any company, active in this field, but not listed  The ‘best’ supplier for any particular task will be based on a number of factors
including many that are not included in the chart

Advanced Engineering Technologies Ltd
David Birch
sales@aetuk.freeserve.co.uk 

AMS (Nuvonyx)
Matthias Godejohann
mgodejohann@ams.de
http://www.ams.de/ 

Balliu
John Barker
barker@biuk fsnet.co.uk
http://www.balliu.be/ 

BLM-Adige
Paul Lake
blm@dial.pipex.com
http://www.adige.it/blm/homeeng.asp 

Camtek
Gary Warton
gary@camtek.co.uk
http://www.peps.com 

Fanuc Robotics
David Mason
MasonD@fanucrobotics.lu 
http://www fanucrobotics.lu/index.html 

Ferranti Optronic
Chris Williams
sales@ferrantiphotonics.com
http://www ferrantiphotonics.com/ 

Radan Computational Ltd (JETCAM)
Henry Merryweather
henry.merryweather@uk.radan.com
http://www.jetcam.com 

Lasag
Dietmar Wagner
dietmar.wagner@lasag.ch 
http://www.lasag.ch 

Laserdyne-Prima
Richard Baxter
Richard@primauk.com
http://www.laserdyneprima.com 

LaserMech
Arvi Ramaswami
arvi@lasermech.com
http://www.lasermech.com/ 

Oxford Lasers
Andy Bell
Andy.bell@oxfordlasers.com
http://www.oxfordlasers.com/ 

Pullmax (Bystronic)
Kevin Brien
kbrien@pullmax.co.uk
http://www.pullmax.co.uk 

Rofin Baasel
Dave MacLellan
d.maclellan@rofin-baasel.co.uk 
http://www rofin.com   

SigmaNest
Riaan du Plessis
Riaand@sigmanest.com
http://www.sigmanest.com/ 

Trumpf
Dave Foulks
d.foulks@uk.trumpf.com
http://www.uk.trumpf.com/ 

1 10 to 320mm ‘dia’, circular and rectangular up to 6m long: Al to 6 mm thick; SS to 15
mm thick; Brass to 6 mm thick; Monel, hastalloy, etc to 15 mm thick

2 Manufacturer of stents for medical applications
3 Up to 800 mm dia up to 4 m long
4 Radial cuts in up to 160mm dia x 2200 mm long, rectangular tubes to 4000 mm long

Mild steel to 12 5 mm wall, Stainless steel to 6 mm wall, Aluminium to 3mm wall
5 Especially stainless steel for sterile applications  Up to 340 mm ‘dia’ x 2700 mm long,

including rectangular and more complex shapes, four axis: Mild steel to 20 mm wall;
Stainless steel to 15 mm wall; Aluminium to 10 mm wall

6 Stainless, carbon steel, aluminium alloys
7 Circular, rectangular and special profiles 12 to 350 mm ‘dia’ up to 12 m long  Steel,

stainless steel, and non-metals 
8 Diode laser heads applied to seaming in tube mills
9 Tube machines, manual or auto-loading  Tube capability on XY machines  Up to 500 mm

dia up to 8 m long  Custom cutting and welding systems of 3 to 7 axes
10 Tube cutting machines, manual or auto-loading and unloading, up to 140 mm ‘dia’ x 6 5

m long, ten axis, circular, rectangular and more complex profiles: Mild steel to 10 mm
wall; Stainless steel to 8 mm wall; Aluminium to 8 mm wall

11 Tube CADCAM
12 Laser source and robots

13 CO2 laser sources and tube manipulation components
14 Laser sources for fine tube cutting and drilling (medical stents, needles, filters etc) down

to 0 4 mm diameter  Laser sources for regular tube cutting, welding and drilling applica-
tions  Max cut thickness for acceptable feed rate: Nickel, hard metals: 6 mm; Titanium,
high alloy steel, aluminium, tantalum: 5 mm; Tungsten, molybdenum: 4 mm; Precious
metals, ceramics: 3 mm; Polycrystalline diamond: 2 5 mm  Maximum weld depth for
acceptable feedrate: High alloy steel: 3 mm, Titanium, aluminium, tantalum, nickel: 2
mm; Precious metals, tungsten, molybdenum: 1 mm

15 General purpose five axis machines capable of processing tubes
16 Beam delivery components and sub-systems for fixed optics and robot
17 Very small cutting and drilling
18 Three machines, circular and rectangular tubes 20 to 170 mm ‘dia’ up to 3 25 or 6 5 m

long, manual or auto-loading
19 Fine tube cutting machine (stents), 0 3 to 10 mm dia up to 3 m long (zero back wall

marking above 0 4 mm dia)  CO2 and Nd:YAG sources for regular tube cutting; CO2,
Nd:YAG and diode sources for welding and seaming

20 CAD-CAM, 2-D
21 Two tube cutting machines, auto-loading, circular and rectangular up to 150 mm ‘dia’, up

to 9 5 m long, 3 axis  CO2 and Nd:YAG sources for welding  Special purpose machines
up to 2 m dia and continuous length, 3 to 5 axes

Suppliers of Tube Processing Equipment
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One of the largest ‘green-field’ market areas for indus-
trial laser technology growth remains within polymer
processing: digital laser processing of component

parts or high-speed finishing of printed materials. The neces-
sity for a laser finishing solution in this area arose during the
past decade as a direct result of the rush to digitisation and
digital control of the design and manufacturing of products.
While Nd:YAG lasers are good for marking, excimers slow
but effective for micro-processing and high-power diodes suit-
able for plastic welding, the CO2 remains the best choice in
terms of power, wavelength and optical manipulation proper-
ties, for combination marking, kiss and through cutting of
polymers at high processing speeds.

Industrial feedback on traditional mechanical processing methods
seem to indicate they are not without certain drawbacks. For
example, it can take anywhere between days and weeks to create
mechanical tooling, then there is tool fitting and alignment, wear
rates and replacements. Whilst certain tooling will always remain
the logical solution to industrial processing, either because of run-
lengths or sympathetic materials, there are cases where the tool-
ing itself complicates the process. Good examples are short run-
lengths where tooling costs are very high, situations where the
tooling itself damages or splits brittle materials, highly abrasive
materials cause high wear rates on tooling and, highly adhesive
materials often clogs up the tooling.

Because laser energy can be targeted digitally and no physical
machinery comes into contact with the material face, there is an
overwhelming case for many key industrial processes to switch
from mechanical to digital laser processing. So why hasn’t digital
laser processing of polymers had the influence on the market that
has been expected?

One of the single most problematic areas has been in the polymer
absorption coefficient at the laser wavelength. Another has been
in the adverse reactions of the material when targeted with “ultra-
hot” energy in the mid infra-red spectrum. Polycarbonate (includ-
ing Lexan and Makrolon) is a good example of this.

Adverse reactions
Because of ‘adverse reactions’ to its amorphous nature,
Polycarbonate remains a difficult material to process with a CO2
laser. A very common material in automotive and commercial
product manufacturing, and one prone to damage when cut by
mechanical methods, this plastic does not react well to the levels
of heat generated during processing with a CO2 laser. This is fur-
ther complicated by unacceptable ‘dirtying’ of the product sur-
faces by the process fume, which condenses as a liquid.
Satisfactory results have occasionally been achieved, especially
when small spot sizes, high power and fast cutting speeds are used
on Polycarbonate under 500µm thickness. The trick, it would
seem, is to keep the generated heat to a minimum. this is not

always a practical proposition when processing thicker materials.

Of the other widely used polymers, the processing of
Polyethylene is an area all on its own. This is because there are so
many varieties, including high-density polyethylene (HDPE)
which strangely competes with low-density polyethylene (LDPE)
for packaging material usage, linear low-density polyethylene
(LLDPE), medium density polyethylene (MDPE) and, ultrahigh
molecular mass polyethylene (UHMPE). Then there are the
copolymers EVA and polypropylene-copolyethylene and the
fibres Dyneema and Spectra.

Polyethylene processing with mid infra-red laser energy more
often than not creates ‘burring’ along the edges of the cut. This
burring manifests as a thick unacceptable edge along the cut, and
is caused by the material’s reaction to the heat generated.

Polyimide (or Polyamide) is widely used in flexible electronics
manufacturing, but when processed with CO2 at either 10.6µ or
9.4/9.3µ can leave a conductive black ‘soot’ around the cut which
remains difficult to remove by fume extraction.

However, there have been some clear success stories. Acrylonitrile-
butadiene-styrene (ABS), Polyester, Polyethylene terephthalate
(PET including Mylar and Melinex) and Polyoxymethylene (POM
including Kematal and Delrin) can all be laser processed with a high
degree of industrial acceptability.

Widely used in packaging, Polypropylene is one of the five main
contenders when CO2 laser tests on materials are requested (the oth-
ers being Polycarbonate, Polyimide, Polyester and Polyethylene).
Polypropylene is a very common polymer with a relatively low nat-
ural absorption at 10.6µm wavelength, and to compound this feature
its absorption curve shows a very sharp decline either side of this
wavelength. This makes it a very difficult material to process unless
the output wavelength of the laser can be maintained.

CO2 lasers will cut Polyurethanes relatively easily. Unfortunately,
items manufactured in this polymer tend ts be thick, in which case
the volume of waste output (fume) from the laser processing is rela-
tively large.

Polyvinyl chloride (PVC) always cuts well with a CO2 laser, but due
to the dangerously high levels of production of Hydrogen Chloride
(Hydrochloric acid) produced during burning (or laser processing)
its supply is now in sharp decline.

Finally, there is a wide range of paper, carton and card materials
which must also be classed with polymers, since they invariably
carry some polymers within their construction, usually atactic
polypropylene.

Problems of variability
It is extremely rare in industrial usage to come across any of these
aforementioned polymers in their pure form. To further compound
matters, manufacturers remains protective of their mixes and the

The challenge of digital laser polymer processing
Steve Hastings

Raylase AG
Justus-von-Liebig-Ring 9   Krailling  D-82152    Germany

T: +49 89 8569 8220     F: +49 89 8569 8210     E: s.hastings@raylase.de
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concoction of additives which may include catalysts, UV
stabilisers, surfactants, toughening materials, particulate fillers for
strength and particulate fillers for anti-blocking, etc. No two poly-
mer resin are alike, so even for the same kind of polymer the opti-
cal properties of repeat batches are slightly different. It has also
been muted that minor variations in conditions during extrusion can
lead to differences in absorption even in a single roll of material.

As a very timely reminder, and referring to the figure above, note
the position of the reference line at 10.6µm representing normal
CO2 laser output. In this example of a typical polymer transmis-
sion curve, if the laser’s wavelength jumps to a line of slightly
shorter wavelength then the material absorption significantly
increases and the opposite is true if jump is to a longer wave-
length. This is not only a problem for polymer processing with  a
CO2 laser. Variations in transmission with wavelength and
between batches of nominally the same polymer occur right
across the laser-accessible spectrum, from ultra-violet through the
visible and infra-red.

Another point to note in the figure above is that only a fraction of
the laser power is absorbed in the sample, in this case 40% at 10.6
µm, the 60% of transmitted beam power is effectively lost, imply-
ing not insignificant additional costs in ancillary systems and
optical delivery components.

The challenge to polymer manufacturers
The past decade has seen major developments in beam delivery
and laser control techniques, with corresponding improvements in
the quality and stability of the laser power reaching the target.
Power stability, wavelength control and target spot size have
finally become serious issues for laser integrators, system and
component manufacturers, who now realise the size of the large-
ly un-tapped world market in non-metallics processing. Sadly,
despite so much improvement in beam quality, stability and deliv-
ery, this potential world market is still largely frustrated by the
lack of uniformity in the manufacture of the target materials. 

Perhaps this is a ‘chicken and egg’ situation: the polymer manu-
facturing industries will not commit serious R&D to developing
laser-friendly and laser-efficient materials until the demand dic-
tates, whilst the demand will not come until these materials
become available. Ideally, the laser-processing industry would
like not only uniformity in optical properties but also a high,
wavelength insensitive absorption coefficient encompassing spe-
cific wavelength ranges e.g. 9.2 µm to 11.2µm in the case of CO2
laser processing. Additional efforts to eliminate unacceptable pro-
cessing characteristics would also be welcome and could be very
profitable for an industrial polymer manufacturer considering
breaking the trend of maintaining the status quo.

So what can we, the laser industry do? In order for the laser pro-
cessing industry to continue to grow at a healthy rate maybe we
should be asking our industry media, educational, research and
business organisations to step into the limelight and apply pres-
sure. It would seem that a fair amount of persuading is required,
aimed directly at the marketing and development departments of
the industrial polymer manufacturers.

In the writer’s humble opinion, never was there a more deserving
case for serious development which could help us all – optics,
mechanics, laser, sub-system and ancillary manufacturers, suppli-
ers and integrators, co-operators and competitors alike to grow
this industry rapidly.

Typical infrared transmission of a polymer sample, enlarged in the
lower figure to cover the wavelength range of CO2 laser lines.
The position of the common 10.6µm CO2 laser wavelength is indicated

I wonder why polymer processing with a laser has to be digital? A
prototype machine I was involved with some years ago was capa-
ble of burying us under clouds of HDPE at the rate of 60,000 bags
an hour. It performed a double weld and cut operation on "lay-flat"
tube using that beautifully stable CO2 brainchild of David Dyson,
the MF 400. Yes, low absorption is a problem and so is the over-
enthusiastic emission of vapour after gentle melting – but control
and repeatability of the beam quality was the solution.

Another aid was the use of a line focus travelling in the direction
of the weld. This gave a slower rate of rise of temperature for the
same energy input. I also came to the conclusion that, even if you
had a couple of layers of HDPE in contact and you raised them
both above melting point, you still had to encourage the two
touching surface layers to disappear. A number of buzzwords
such as "surface free energy", "nucleation" and "mechanical

assistance" filled the air – with the result that strong, high-speed
cut 'n weld became reality. Such a pity that our sponsors didn't
have the courage to put it into production. This machine was all
analogue – and not a digital gizmo in sight.

The absorption behaviour of polymers is a problem. Absorption
depth is of the same order as the thickness of the material being
processed. The absorption spectrum is jagged and rapidly chang-
ing with wavelength. I think that this is an inevitable consequence
of sharp resonance with the numerous organic bonds in polymers.
Maybe the use of fillers and copolymers could smooth out some
isolated peaks – but don't hold your breath. I believe it would be
much easier to get a reliable laser beam than batch-to-batch
reproducibility of commercial polymer mixes.

Brooke Ward Europtics

COMMENT: Why digital?
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It is imperative that during butt welding the weld pene-
trates the whole sheet thickness to ensure full strength, as
incomplete penetration of the sheet leaves a root that can

act as a crack initiator. For the stringent and intermediate
quality levels specified in EN ISO 139191, no lack of penetra-
tion is allowed, either in aluminium or steel. Complete pene-
tration is not a requirement for lap welding, since only the
width of the weld at the interface of the two sheets influences
the weld strength; nevertheless it is common practice to
attempt full penetration in lap welding so that simple visual
inspection can determine that the weld is deep enough to join
the two sheets. By working at the boundary of complete pen-
etration it is possible to satisfy the requirement for complete
penetration while optimising welding speed.

To be able to investigate the boundary of complete penetration,
experimental welding was performed with the process speed
changing linearly from 2 - 24 m/min across the workpiece as
explained in figure 1. The welds were made with 3 kW cw
Nd:YAG laser and helium shield gas 

The transition to full penetration
Fig. 2 shows macroscopic photographs of the top and bottom of
the welds at various speeds. Four different types of weld can be
discerned over the range of speeds experienced during the pro-
duction of the spiral (1.9 – 12 m/min).

In type 1 welds the keyhole can be approximated to a conical inden-
tation in the weld melt. The keyhole is kept open by a combination
of the vapour pressure of the boiling melt, the surface tension of the
liquid and capillary flow which draws hot liquid away from the
centre of the melt pool. In type 4 welds the laser produces a full
penetration melt and the keyhole is open at the bottom as well as at
the top of the weld. Both situations produce a stable weld, in con-
trast to types 2 and 3. 

To indicate qualitatively the penetration of the keyhole, a carbon-
filled polyethylene sheet was placed beneath the bottom surface of
the aluminium. As the welding speed was reduced an increasing
amount of laser radiation was transmitted through the open bottom
of the keyhole, which then evaporated the surface of the plastic. 

When producing welds of types 1 and 2 there was no surface
damage to the polyethylene indicating that the keyhole remained

Figure 2. Top and bottom of welds in 2 mm Aluminium.
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Full penetration Nd:YAG laser welding of aluminium 
Tomas Forsman1*, John Powell2 and Claes Magnusson3

1. Luleå University of Technology Division of Materials Processing   Luleå   SE 971 87   Sweden

2. Laser Expertise   Acorn Park Industrial Estate   Harrimans Lane   Nottingham  NG7 2TR

3. Volvo Car Components   Body Components Division   Olofström  SE-29380  Sweden

*T: +46 920 912 69     F: +46 920 993 09     E: tomas.forsman@mb.luth.se

Figure 1. Bead on plate Nd:YAG welding trials on a 2mm thick alu-
minium sheet. The sheet is rotated at constant angular speed so lin-
ear speed is proportional to distance from the centre.
(left) top of weld, (right) bottom of weld.

Weld type 1: Incomplete penetration
The top weld bead is unifirm. The melt does not penetrate
through to the bottom of the material, but the ridge which fol-
lows the line of the weld is evidence of plastic deformation of
the bottom face of the sheet. 

Weld type 2: Occasional penetration
The top weld bead is less regular in appearance than a type 1
weld and this is accompanied by occasional weld penetration
on the bottom face of the sheet.

Weld type 4: Full penetrationl
The top and bottom faces of the weld have a stable melt 
appearance.

Weld type 3: Occasional keyhole penetration 
The top weld bead is uniform. Bottom face shows evidence of
continuous but unstable melting.

Top surface Bottom surface

W
elding Speed 

12 - 9.5 m
/m

in                               9.5 - 8 m
/m

in                           8 - 4.5 m
/m

in                      4.5 - 1.9 m
/m

in     
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The trend towards complete proof of quality in manu-
facturing  make the role of in-process monitoring sys-
tems increasingly important where lasers are used. The

aim should be to provide a clear and early identification of
defective parts and processes, together with documentation of
the fault conditions. 

One such online process monitoring technology is the Prometec
PD 2000. Based on the use of a visual evaluation, it uses CMOS
camera technology, which gives a high optical dynamic range.
When small process changes occur, e.g. caused by defects such as
variation in gaps for welding processes, software analysis of the
camera signal detects visual changes online, and can initiate auto-
matic recording of parameters, activation of alarms and/or the
rejection of the faulty part from an automated production line.
Here we illustrate how the PD 2000 can monitor Nd:YAG laser
welding, indicating penetration depth and the point of full pene-
tration in real time.

The recording of images is important, but for online monitoring it
is necessary to extract the required information from the image
and analyse it in real time within the context of the monitoring
task. Given the number of pixels within a typical region of inter-
est is still about 1000-2500, analysis of the whole image could
reduce the performance of the monitoring system considerably,
particularly since our aim with the PD 2000 was to use a standard
PC to evaluate the signals. Instead, our method of observation is
to look only for certain features that are characteristic for specif-
ic welding properties within the image. 

Introduction to the laser weld monitoring
Laser welding of metals is accompanied by the emission of radi-
ation from the laser-induced plasma and the melt pool. The radi-
ation contains much information describing the interaction zone
between laser beam and workpiece and can be used to monitor the
welding process. Using the coaxial arrangement shown in figure
1, it is possible to get information from the vapour (plasma) and
the melt pool within the key-hole. 

The use of a CMOS camera for observing laser processes has two
advantages. Firstly, the monitoring system can interrogate only
those regions of the chip corresponding to the small region of the
image field of interest, thereby maximising performance.
Secondly, since with CMOS technology the conversion of light
intensity to voltage is not linear but logarithmic, the dynamic
range of the CMOS sensor is very high, over 120 dB light inten-
sity vs 60 dB for a typical CCD-camera. In principle this makes it
possible to simultaneously observe the bright keyhole region and
less intense melt pool.

Monitoring of full penetration
Two typical images for full and partial penetration in standard
steel with a thickness of 3mm are presented in Figure 2. The mea-
sured intensity distribution shows the keyhole and the melt pool
of the weld zone. In the case of full penetration the geometrical
form of the keyhole region is a circle with an intensity minimum
corresponding to the back surface of the keyhole, whereas under
conditions of partial penetration the intensity distribution is more
elliptical and the intensity minima is lost. 

In addition to surface emission, there is the contribution from the
emission arising from the the interaction of the laser beam with
the metallic vapour within the keyhole. The interaction mecha-
nism, inverse Bremsstrahlung, is strongly wavelength-sensitive
such that the effect is important for CO2 laser welding but much
less so for welding with the Nd:YAG laser. As a result, it is pos-
sible to interpret the images for Nd:YAG laser beam welding as
dominated by the surface emission of the melt and not by the
laser-induced plasma emission. Some typical images of different
welding speeds are presented in Figure 3. 

The first image shows a stationary laser process. The position of
the hole in the centre of the intensity distribution is interesting.
The hole is not shifted to the back of the keyhole. However, if the
welding speed will be increased, a shift in the position of the hole
can be observed.

On-line monitoring of laser welding
Jörg Beersiek and Thomas Devermann

Prometec GmbH
Jülicher Straße 338    Aachen    D-52070    Germany

T: 49 241 16609-39    F: +49 241 1660 950    E: beersiek@prometec.com

Figure 1. A typi-
cal setup for
sampling of
emission during
Nd:YAG laser
welding.
Sampling during
CO2 laser 
welding is also
possible.
Such coaxial
viewing makes is
possible to obtain
information from
the inner parts of
the keyhole.

Figure 2. Full  and partial (right) penetration during laser welding
with a 3 kW Nd:YAG-laser on 3mm mild steel in the bead on plate
configuration.
(left) Full penetration at 2m/min; (right) Partial penetration at 5m/min. the
focusing optic had a 250 mm focal length and the focal spot size was 0.3
mm.
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Control of the penetration depth 
From spatial analysis of the intensity distributions shown in fig-
ure 3, it is possible to derive geometrical parameters of the key-
hole (see the paper A CMOS Camera as a Tool for Process
Analysis not only for Laser Beam Welding by J. Beersiek,
Proceedings of ICALEO 2001, Section F, (206) for a full analy-
sis). During CO2 laser welding it is possible to monitor the pene-
tration depth of the keyhole by measuring the intensity of the
laser-induced plasma within it, but such an approach is not possi-
ble for Nd:YAG welding because the emission is so weak, for rea-
sons previously discussed. Instead, we investigated the relation-
ship between penetration depth during Nd:YAG laser welding to

width of the keyhole and the width of the melt pool at the position
of the keyhole, to determine which is the best parameters for mon-
itoring penetration depth.

For this investigation the Nd:YAG laser output was chopped
(mark:space ratio 1:1) and the time-resolved melt pool and key-
hole width monitored as the beam was traversed at constant speed
over a 3mm mild steel plate, for pulse frequencies of 10 Hz, 50
Hz and 200 Hz. As shown in figure 4, the most significant reac-
tion to a change in pulse frequency is the shape of the melt pool,
which becomes more circular as the frequency increases; with the
form of the melt pool during 10 Hz pulsing being very similar to
that observed during CW laser welding.

A longitudinal cross-section through the various weld seams
revealed the variation of weld penetration depth during the puls-
ing and this was compared to the variation of keyhole and melt
pool width derived from the camera monitor over time. The
results are presented in Figure 5.  

At 10 Hz the penetration depth during the ‘laser on’ period reach-
es a steady state and remains constant at the cw laser value. A
comparison with the corresponding signals for the width of melt
pool and of the keyhole shows that whereas the width of the key-
hole follows the pulse of the laser power instantaneously, the vari-
ation of the width of the melt pool is damped, presumably by heat
conduction decay. 

At 50 Hz the penetration depth is seen to vary throughout the laser
pulse and the width of the keyhole follows the pulse shape. The
signal for the width of the melt pool is strongly damped. At 200
Hz the penetration depth is approximately constant and the two
width signals react in the same way.

These results show that keyhole width is the best indicator of pen-
etration depth, since the response of the melt pool width is strong-
ly influenced by heat conduction damping.

Conclusion
Using the PD 2000 monitoring system with a CMOS camera, full
penetration and depth of partial penetration can be monitored dur-
ing Nd:YAG laser welding. The images from the coaxial process
monitoring system reveal an intensity minimum in the case of full
penetration, corresponding to a hole through the workpiece and
we have demonstrated that the width of the keyhole can be used
to monitor changes in weld depth under conditions of partial pen-
etration. 

This article is based on a paper presented at the ICALEO 2001
(Jacksonville, FL, USA October 15-18, 2001) and is published by
permission of the authors and Laser Institute of America. Full
Conference Proceedings on CD are available from the AILU
office.

Figure 3. Averaged images of the keyhole with different welding
speeds

Figure 4: (upper) Pulse shape of laser mode and weld pool shape

Figure 5: (lower) Penetration depth and melt pool excitation
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Laser beam performance is the result of many parame-
ters, starting with the basic design of the laser cavity,
the type and orientation of the lasing material, the type

and design of the energy source used to drive the lasing mate-
rial, the power supply, and the optics used to deliver the ener-
gy to the point of use. With so many parameters affecting the
quality and reliability of a laser, it has become increasingly
important to quantify the effect of the controllable parame-
ters, to determine which parameters have the most influence
on the day-to-day operation.  

Before electronic methods for laser beam diagnostics were devel-
oped, beam profiling was often limited to optical approximations,
such as reflected beams on flat surfaces, burn papers, acrylic
mode burns or fluorescent imaging.  Many of these methods are
still in use, even though they are unreliable, operator-dependent,
and non-quantitative. They still have their place in the modern
industrial facility for pointing adjustments and spot location,  but
they provide only a ‘bare-bones’ understanding of the laser beam.
In particular, they do not give a high degree of resolution, they are
highly sensitive to exposure times, and they provide no way to
measure short-term laser fluctuations.  

Here we describe a new on-line, in-line laser beam performance
monitoring system that monitors beam profiling, beam propagation
factor (M2) and divergence angle in real time, and an at-line beam
profiling system that can calculate beam widths and many other
critical parameters in real time. The information obtained assists
the operator to maintain laser performance, more accurately predict
maintenance intervals and troubleshoot malfunctions. 

To illustrate how this equipment can be used, M2 values and the
spatial beam profile of a drilling laser were determined as a series
of user-controllable parameters were changed. By identifying the
operating parameters that have a significant effect on the beam
profile and the beam quality, the laser operator can, for example,
optimise the energy efficiency of the laser delivers to a process.

Demands of industry
In the last twenty years, use of Industrial Lasers for cutting,
drilling, welding, marking and cladding has increased dramati-
cally, often replacing older, less efficient technologies.  Industrial
lasers, although they share a common heritage, are unlike their
laboratory cousins. In particular, they are expected to operate
with a much higher degree of reliability, usually 24/7, with mini-
mal maintenance, and operated by personnel with less technical
expertise than laboratory operators. But the biggest difference

between laboratory and industrial lasers is the location in which
they are placed. Industrial lasers are often located in environ-
ments containing dust, oil residues, and other particulate matter
that can often affect the performance of the laser. In addition,
industrial lasers often are exposed to temperatures and humidity
not often associated with laboratory environments. In spite of all
these differences, they are expected to perform flawlessly so that
the process for which they were designed is cost effective.

The effect of a poorly performing laser system in an industrial
application can be illustrated in Figure 1. These simplified exam-
ples demonstrate that the cost in lost time and unacceptable parts
can be significant, even if this kind of malfunction occurs only
once per month.

Beam profiling instrumentation
The current state of the technology falls into three main cate-
gories.  First and probably most common, are laser beam profil-
ing methods using either mechanical techniques, such as rotating
slit, needle and pinhole devices or camera-based imaging sys-
tems.  Most of these systems were originally developed for labo-
ratory use, and have been increasingly employed in industrial
applications. The second category includes more sophisticated
beam analysis, such as M2 measurements, temporal beam profiles

On-Line Nd:YAG Laser Beam Monitoring 
Geoff Dearden*, Martin Sharp, Paul French and Ken Watkins

Lairdside Laser Engineering Centre, University of Liverpool  
Campbeltown Road  Birkenhead  Merseyside  CH41 9HP

*T: +44 151 794 4584   F: +44 151 794 4585   E: g.dearden@liv.ac.uk

Larry Green
Spiricon Inc.  

2600 N. Main  Logan  UT 84341  USA
T: +1 435 753 3729   F: +1 435 753 5231   E: larry@spiricon.com

Figure 1. Losses from a laser malfunction in production facilities 
(a) High volume production, (b) High value production. Values in USD

a) High Volume Parts
Number of Pieces Produced in One Hour 5,000
Finished Value of Each Piece 2 25
If  malfunction is spotted in <10 minutes and process stopped:
Number of Rejected Pieces 835
DIRECT COST OF REJECTED PIECES 1,879

Time to make Pieces < 1 hour
Cost to Operate the Laser Machine Tool for One Hour*  20 11
Assuming problem can be fixed in one day, lost time is two 8-hour shifts = 16 hours:
INDIRECT COST OF LOST TIME 321 75

TOTAL COST (DIRECT AND INDIRECT) 2,200

b) High Value Parts
Number of Hours to Produce One Piece 35
Finished Value of Each Piece 6,000
If  malfunction is spotted on that piece and  process stopped:
Number of Rejected Pieces 1
DIRECT COST OF REJECTED PART 6,000

Time to make Part 35 Hrs
Cost to Operate the Laser Machine Tool for One Hour* 20 11
Assuming the problem can be fixed in one day, after malfunction is observed. Total time
lost is 24 hours to repair + 35 hours to remake part = 59 hours:
INDIRECT COST OF LOST TIME 1,186

TOTAL COST (DIRECT AND INDIRECT) 7,186

*Assuming $400 K Purchase, 9%, 7 Year Loan, and Operating 5 days/Wk 2 Shifts
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and combined instrumentation that incorporates power, temporal
and profiling all in one instrument. The third category are on-line,
in-line beam measurement systems. Of the three categories, only
the last has been designed from the ground up to be used solely in
industrial environments. Most of the instruments in the first two
categories are for at-line use, which means that the process must
be interrupted in order to make the measurement.

At-line beam profiling technologies to image the beam have been
in use for many years, and represent a dramatic improvement
over simple optical techniques. Electromechanical instruments
using spinning needles or wires, and rotating slits to sample the
beam provide low refresh rates, sometimes as long as 10 seconds,
so they have limited use in tuning and adjusting the beam.
Because many of these instruments were originally designed for
laboratory use, they were connected to a desktop computer.  The
lack of portability limited their use in industrial shops. In addi-
tion, some of these systems were not robust enough to withstand
the harsh industrial environment.

Camera-based measurements, on the other hand, have refresh
rates of up to 30 times per second, making them ideal to use
when tuning and adjusting a laser, prior to processing.  Until
recently, however, camera-based systems suffered from the
same lack of portability as the electromechanical systems.  New
developments in computer peripheral technology allow the use
of PCI frame grabber cards with either semi-portable “lunch-
box” or using the new IEEE 1394 Firewire® standard in con-
ventional laptop computers. 

When one adds the temporal profile, energy per pulse and the
average power to the basic beam profile, a more complete picture
of the beam can be obtained.  If all the data is collected and stored
in a computer, then the data can be recalled to compare it to ref-

Figure 2. Schematic of YAG:MAX installed on an industrial laser

The Beam Propagation Factor, M2,
can be described as a quantitative
measure of how small a beam can be
focused under a given set of circum-
stances:

d0 = M2 4λf/πD0)

where:

d0 is the beam diameter at the
focus of the lens, often mea-
sured separately in x and y axes.

M2 is the Beam Propagation Factor 

λ is the wavelength of the laser 

f is the focal length of the lens

D0 is the laser beam diameter at the input to the lens.

Merely increasing the power of the laser does not necessarily
increase the intensity at focus by a similar factor, because usually
the M2 of the laser also increases with increased power levels.

It is clear from examination of this relationship that in order to
change the diameter of a focused spot, a corresponding change
must be made in either the focusing lens, the input beam diame-
ter, or M2. The value of M2 is a constant of propagation i.e.it is
unchanged by the optical elements placed in its path.

The M2 value is directly related to the unfocused beam diver-
gence by the following equation:

ϑ0 = M24λ/πD0

where ϑ0 is the beam divergence in milliradians. 

According to the ISO 11146 standard the beam divergence is 
calculated by 

ϑ0 = d0f/f

where d0f is the beam diameter measured at a distance of one
focal length f from a focusing lens. 

Thus, if M2 changes, either or both of ϑ0 and D0 must also
change. It is more likely that the beam divergence ϑ0 will change
than the input beam width D0, because the beam width is more a
function of the mechanical configuration of the laser. So, know-
ing the initial values of the three variables, by measuring the
beam divergence value continuously, one can infer the value of
M2 at a given set of laser operating conditions. If the divergence
is seen to be changing, this can be a direct indication of the cor-
responding change in M2 and gives the user an instant warning
that the beam quality has changed.

What is M2?

M2 values clearly show that the beam on the right can be focused almost three times smaller and
has almost nine times the energy density in the focused spot than the beam on the left.
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erence files taken previously.  It is clear that electronic analysis is
superior for long-term performance, as it provides objective mea-
surement with permanent data storage and recall. Beam profiling
alone however, or even in conjunction with the measurement of
the temporal profile and the average power, is often insufficient
to characterize the laser beam. What is required is M2, a measure
of laser ‘beam quality’, which can be readily calculated from
beam width measurements at varying points along the path of
propagation, fitted to a hyperbolic curve. 

Installation
A new, on-line, automated camera based measurement system
manufactured by Spiricon, Inc, the YAG:MAX, was installed on
a high peak power Nd:YAG laser used for laser drilling applica-
tions at the Lairdside Laser Engineering Centre. This in-line beam
profile and beam performance instrument was developed as an
industrial tool, designed to be permanently mounted onto an
industrial laser, and operate continuously during laser processing.
Figure 2 shows the schematic layout of the system. Using a
patented method of calibrating the camera, it can accurately mea-
sure the beam widths in both the x and y axes as the camera views
the beam along the axis of propagation (z-axis).  

The data gathered in this fashion is fitted to a hyperbolic curve,
following the ISO11146 methodology to arrive at a value of M2

for both axes. This measurement, unlike instruments using spin-
ning wires or hollow needles captures the entire beam at one time,
making it suitable for both pulsed and continuous-wave lasers,
and reduces the time for the entire measurement to less than 5
minutes. Once the parameters of the hyperbolic curve are deter-
mined, the apparatus can be commanded to sample the beam at a
distance of one focal length from the focusing lens, and by calcu-
lating the beam diameter, the instrument can determine the diver-
gence of the beam. For short time frames, at one set of laser oper-
ating parameters, the value of M2 can be inferred directly from
the beam divergence.

Results
The Nd:YAG laser used in these trials maintains a linear relation-
ship between input pump power and output laser beam power,
over a limited, usable, range of input powers. 

An initial set of M2 measurements were taken while varying the
pulse energy at constant pulse repetition rate. A variation of M2

with laser pulse energy might be anticipated, simply because the

input pump power was changed. A final experiment was conduct-
ed, in which the M2 value was obtained while both the pulse ener-
gy and repetition rate were changed to maintain a constant input
pump power.

Figure 3 shows the variation of M2with pulse energy, while main-
taining a fixed pulse repetition rate. Although there is a degree of
scatter in the M2 values, there is clear evidence of a trend of
increasing M2 with greater pulse energy. In Figure 4, the average
output power of the laser is seen to increase as the pulse energy
(and hence pulse peak power) increases. Despite the constant
input (pump) power, the M2 value is also seen to increase, by 10%
over the range of pulse energies observed (5-30J).

Conclusions
Modern manufacturing places ever-increasing demands on the
performance of industrial lasers. When it is possible, operators
prefer to be able to visualize the beam so that they can make split-
second decisions regarding the process.  But beam profiling, even
on-line real time beam profiling is often not enough to assure
peak performance. 

The on-line measurement of M2, conducted with small changes in
pulse energy show changes amounting to a 5% change in M2 over
a typical tuning range of the Nd:YAG laser under investigation.
When applied to laser drilling, for example, such a M2 change
could have a significant effect on hole size. Furthermore, the
reduction in intensity of the focused spot, whose area varies as the
square of the M2, will have an effect on the quality of the drilled
hole, as supported by additional experiments. The results also
explain the practice of increasing pulse energy to obtain an
increase in hole diameter.

Proper characterization and monitoring of industrial laser beams
results in less scrap, better efficiency, higher throughput, and
lower operating costs for the modern laser shop.  Storage of the
results in electronic form can assist in pinpointing malfunctions,
provide objective evidence of the process for ISO 9001 certifica-
tion, and assist in matching the performance of multiple lasers in
one facility.  Initial results also indicate that it may be able to
identify lamp aging so that they can be replaced before poor per-
formance results in unacceptable parts. Finally, the use of this
instrumentation can pay for itself in reduced operating costs
derived from the reduction in scrap parts, longer up-time, and
faster tuning and adjustment.

Figure 4. Variation in mean output power & M2 with pulse energy, at
constant input (pump) power

Figure 3. Variation of M2with pulse energy at fixed repetition rate
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We operate a flatbed 3 kW CO2 laser cutting machine with
peripheral guarding and an open top, about 10m from an open
staircase leading to a mezzanine floor. On a recent visit, a HSE
factory inspector expressed concern that people climbing the
stairs during laser operation were at risk of exposure to laser
radiation and requested that we address the problem. What is
the risk of exposure and do we need to go to the expense of
screening the staircase or the top of the laser cutting machine?  

There are two aspects to this question that need to be considered:
could a person 10m from the cutting head of the laser be exposed
to a hazardous level of laser radiation and, if so, what is the degree
of risk involved?

‘Back of the envelope’ hazard distance calculations
The term used for laser hazard distance is the Nominal Ocular
Hazard Distance. The NOHD is ‘the distance at which the beam
irradiance equals the appropriate corneal Maximum Permissible
Exposure’. The MPE for an exposure of 10s or more from a CW
CO2 laser, according to the standard 60825-1 ‘Safety of Laser
Products’, is 1kWm-2. This implies that, considering the worst case
that the full 3kW of laser power is reflected from the workpiece,
and ignoring for the moment that power is not distributed uniform-
ly over the cross section of a laser beam, the NOHD will be the dis-
tance at which the beam area is 3m2, i.e. 3kW ÷ 1kWm-2.

In principle, there are three NOHD calculations that could be per-
formed: (i) for diffuse reflections from the workpiece, (ii) for
specular reflections off the workpiece and (iii) for the ‘raw’ beam.
Consider each in turn. 

For an estimate of the NOHD for diffuse reflections (i.e. scatter
off the rough surface of the workpiece), assume the power is scat-
tered uniformly from the point where the beam is focused onto the
workpiece. The area of a hemisphere (= 2πr2) is 3m2 when its
radius is 0.7m. This radius is the approximate NOHD for diffuse
reflections, from which we conclude that the hazard from such
reflections can be ignored in the present context.

A worst-case for specular reflections is when all the power is
reflected from the flat workpiece surface. The reflected beam will
therefore spread out at the same angle as that at which it is focused
onto the surface and a simple calculation is to use the F-number of
the focusing lens (i.e. its focal length divided by its diameter) and
to assume that the beam fills the lens. 

A circular beam has an area (= πd2/4) of 3m2 when its diameter is
approximately 2m, and if the focusing lens optics is F-10, for
example, this diameter will be reached at approximately 20m
from focus. This approximate value for the NOHD implies that
specular reflections must be considered in the present context.
Refinements to the calculation and other considerations are
addressed below.

Finally, for completeness, we consider the NOHD for the ‘raw’
beam as it leaves the laser. The key parameter here is the beam
divergence. The same value of 2m beam diameter at the NOHD
applies, so if we take a ballpark figure of 1 milliradian for the
beam from such a laser, the NOHD (= 2m ÷ 0.001rad)is 2km!

This calculation, which is not relevant to the normal operation of
the machine, simply backs up the need for containment and con-
trol of the ‘raw’ laser beam during service operations. 

Interpreting the NOHD for specular reflection
Specular reflections during flatbed laser cutting, where the beam is
permanently vertical and normal to the workpiece, are (a) blocked
by the focusing nozzle and/or directed back into the beam line and
(b) much less than 100%, except perhaps briefly during piercing of
the workpiece at the initiation of the cutting process. 

An adjustment to the NOHD could be made for the finite reflec-
tivity of the workpiece, but it is equally important to consider what
conditions could give rise to a strong reflection escaping through
the open top of the machine and how long the condition could per-
sist. Depending on the design of the machine control, such specu-
lar reflections might occur, for example, if the part being cut were
to tilt, if the reflection were off a jig holding the workpiece or off
a corrugated workpiece surface, or if the workpiece was missing
and the reflection were to occur of a flat edge on a supporting pin.
In each of these cases the laser beam and its reflection would be
moving so the exposure time would be less than 10s and the appro-
priate MPE would be greater than 1 kWm-2. For example, assum-
ing more realistic figures of 50% workpiece reflectivity and an
exposure time of only 0.1s, the NOHD for F-10 optics reduces
from 20m to 2.4m. 

Risk assessment
The considerations of the likelihood that a strong reflection could
escape through the open top of the machine and at a time when
someone was on the staircase in question needs to be balanced by
an assessment of the severity of injury. The potential injury for
exposure at a wavelength in the far infrared (including 10.6µm) is
a burn to the skin or to the cornea of the eye. A burn to the cornea
from a high power laser beam would be serious. However, taking
a NOHD of 20m and a closest distance of approach of 10m, the
MPE could only be exceeded by a few times and the injury would
at worst a mild reddening of exposed skin or a mild burn to the
cornea that might cause soreness but would heal. 

Final thoughts
Open-topped flatbed CO2 laser cutting machines are not Class 1
and users should address close overhead activities when consid-
ering the design and location of such machines.

If the risk assessment indicates the need for action, then the ques-
tion of ‘expense of screening’ does not arise. Engineering controls
are always the preferred form of solution.

Unlike CO2, the potential ocular injury from Nd:YAG and other
lasers in the 0.4 - 1.4 µm wavelength range is a retinal burn that
may result in partial loss of sight, so for these lasers non-essential
gaps in peripheral screening and open tops can rarely be justified.

NOHD calculations can be a useful guide but NOHD measurements
are rarely justified. They are usually difficult to undertake and deal
only with exposure under normal operation. 

Mike Green Pro Laser Consultants

QUESTION AND ANSWER 

Laser hazard assessment?



Although short in length (155 pages including four appendices),
this book covers both the fundamental principles of holography
and an overview of many important holographic applications,
with a good balance between theory and practice. The book
requires the reader to have a basic knowledge of engineering
mathematics.

The first six chapters introduce the important basic concepts in
holography: in-line versus off-axis holograms, Fourier-holo-
grams, holographic image reconstruction, thin versus thick grat-
ings, light-source requirements, amplitude versus phase holo-
grams, and holographic recording materials. The following six
chapters summarise particular applications of holography: dis-
play holograms, computer-generated holograms, optical testing
by holograms, particle analysis, time-gated imaging, holographic
optical elements, and optical computing. The last three chapters
address industrial applications of holographic interferometry:
refractive-index field measurement, surface displacement and

strain measurement, shape measurement, vibration measurement,
and electronically-imaged measurement. 

In addition to providing a good basic introduction to applied
holography, this book examines many historically important
developments in holography. And because most of the examples
given in this book are historical in nature, advances made during
the last ten years have not been included. As such, the book does
not address the current state of the art in applied holography e.g.
there is no discussion on the newly developed application of holo-
graphic velocimetry in fluids. Nevertheless, the book provides an
excellent starting point for anyone wishing to become familiar
with the holographic discipline. Despite its title, this book also
covers some advanced details that even experienced holographers
will find useful to review.  - 

Dr. Donald H. Barnhart
Wolfson School of Mechanical and Manufacturing Engineering
Loughborough University

‘Basics of Holography’ by P Hariharan
Paperback ISBN: 0 521 00200 1  Price: £19.95 (US$30.00)     Hardback ISBN: 0 521 80741 7  Price: £55.00 (US$80.00)     Pub: Cambridge University Press
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Reviews

When I first flicked through its pages, it immediately struck me
that this is no beginner’s book on optics. The chapters cover a
wide range of topics including a couple that I had never heard of.
Each chapter is fairly short and self-contained because much of
the material is based on articles from Optics and Photonics News.
This is not a book to learn about the fundamentals of geometrical
optics, diffraction and interference theory, polarization, coher-
ence, etc. Rather, it tends to concentrate on some of the more sub-
tle aspects of the optical phenomenon. One chapter with a title
starting as ‘Some quirks of ……’ could equally apply to a num-
ber of the other chapters.

A little over half of the book is devoted to the optics and the rest
to the applications. Before reading any chapter, you should first
read the introduction where some explanation of various diagrams
is given. Almost all the ‘images’ in the book are computed plots
(I only remember finding two photographs), implying that some
powerful software was used to reproduce all the optical ‘quirks’.

Chapter 1 kicks off with an explanation of the sine condition, a
remarkable geometrical optics theorem that states the properties
required of an axially symmetric optical system in order to give
aberration-free imaging at and around the axis.

The next three chapters delve into diffraction theory in the form
of Fourier optics, Gaussian beams and polarization effects in high
aperture optical systems.

In the later, the usual scalar theory is replaced by vector theory to
account for the variation in polarization direction in a highly con-
vergent beam.Chapters 5, 6 and 7 deal with different aspects of
coherence. If you have ever looked through a microscope while
fiddling with the condenser, some of the effects depicted in the
simulated images will look familiar.

After a section on partial polarisation, there is a chapter called
‘What in the world are surface plasmons?’ Under some conditions

it is possible to force a metal layer to absorb large amounts of
optical power rather than reflect it. When this occurs a ‘surface
plasmon’ wave is generated inside the metal. 

Subsequent chapters deal with the Faraday and Kerr effects,
Fabry-Perot etalons in polarized light and optical reciprocity. One
of the topics that will probably catch your eye in the contents is
Linear Optical Vortices. This subject will test whether you really
understand the phase distribution plots used throughout the book.
As with a number of the subjects dealt with, you are likely to ask
yourself ‘Is there any use I can make of this?’.

Later, in the sections on diffraction gratings and total internal
reflection (‘the quirks of …’ chapter), surface plasmons get anoth-
er mention to explain some of the effects depicted. Diffraction
gratings cover the largest single chapter in the book and it requires
considerable effort to follow all the details.

There are a few more chapters before the applications part of the
book. The five of the applications chapters apply imaging theory
to various forms of microscopes. These are followed by a chapter
on projection photolithography, the technique used to produce
integrated circuits on semiconductor wafers. The reduction in cir-
cuit scale over the years is now helped by the use of ‘phase-shift-
ing masks’. 

The final few chapters include the Ronchi test, the Shack-
Hartmann wavefront sensor, ellipsometry, holography, self-focus-
ing and laser heating of film stacks e.g. magneto-optical storage.

The subjects jump around a bit, but this is to be expected from a
collection of individual articles, and if you know some optics, you
can read any chapter without having read the others – except the
introduction.  The chances are that there will be something here to
interest you in the 502 pages.

Nick Ellis
Umicore Laser Optics Ltd, Stevenage

Book Reviews

‘Classical Optics and its Applications’ by Masud Mansuripur
Paperback ISBN: 0 521 80499 X  Price: £29.95 (US$44.95)     Hardback ISBN: 0 521 80093 5  Price: £75.00 (US$110.00)     Pub: Cambridge University Press



(starting top left, working clockwise)

Adrian Grew down to his shirtsleeves on the
lively Electrox stand at Metalworking 2002.

Security guard picks out Martyn Knowles
with briefcase on the AILU stand.

Neil Main (centre) with Mark Cole at the
Foresight Centre , perhaps discussing gas
costs and the helium shortage.

Martin Sharp sorting out software prob-
lems on the 5-axis gantry during live
demonstrations at the Lairdside Centre.
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September
3 Photon 02 (3 - 6)

Exhibition, Conference and Industry Technology Forum
AILU supported event
Cardiff International Arena
Contact: Institute of Physics
T: +44 (0) 20 7470 4926
E: enquiries@ukcpo.org

11 New Trends in Laser Welding
AILU Technical Workshop and Exhibition
TWI, Cambridge
Contact: AILU office (flyers not yet issued)

October
14 ICALEO 02 (14 - 17)

International conference on laser materials processing
Scottsdale, Arizona USA
Contact: AILU
Details at http://www.icaleo.org

29 Laser Job Shop 02 
AILU networking meeting for laser job shops
Includes presentation by USA laser guru David Belforte
Midlands venue, details to be confirmed
Contact: AILU office (flyers not yet issued)

Photon 02
Billed as ‘The UK’s premier event in optics and photonics’,
Photon 02 will bring together at a conference and exhibition those
working in academia and industry, covering basic and applied
research, industrial implementation and exploitation. The organ-
iser – the United Kingdom Consortium for Photonics and Optics
(UKCPO) – have available a wealth of experience from its 
member organisations. The result is a programme that covers the
latest technology as well as the latest research. The two main
strands are the Industrial Technology Programme and the bienni-
al conference of the Applied Optics Division of the Institute of
Physics. In addition, the Photonex exhibition will provide net-
working opportunities for the community with ‘Meet-the-Buyer’
surgeries, a Recruitment Fair and a Technology Transfer Forum.

ICALEO 2002
General Chairs: Eckhard Beyer (Fraunhofer Institute for Material
and Beam Technology, Dresden Germany) and Rajesh Patel
(IMRA America Inc, Fremont, California, USA)

The International Congress on Applications of Laser and Electro-
Optics (ICALEO®) has a 20 year history as the conference where
researchers and end users meet to review the state-of-the-art in
laser materials processing and predict where the future will lead.
From its inception, ICALEO® has been devoted to the field of
laser materials processing and is viewed as the premier source of
technical information in the field. Each year ICALEO® features
appkication areas of topical interest including automotive, aero-
space, electronics, bio-medical and microfabrication.

Highlights

Meetings

The AILU workshop on rapid manufacture planned for
November has been postponed until February 2003

‘Tongue-in-cheek’ moments at recent events
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