
The first AILU workshop on millimetre-scale engineer-
ing took place at GSI Lumonics on 19 June 2002. Over
55 delegates attended to find out how laser fine machin-

ing and hole drilling is being applied to a growing number of
applications particularly within the medical, sensor, transport
and electronics sectors: applications that include the machin-
ing of via holes and other features for electronic packaging, the
cutting of stents and other miniature items for body implants
and hole drilling in turbine components. 

“Laser beam quality and beam/part control are critically important
for sub-mm processing, so the non-contact nature of laser process-
ing and the potentially high processing resolution that fosused laser
beams achieve, can be exploited to the full,” said Neil Main of
Micrometric Techniques, in his introduction to the meeting.

Addressing precision fine cutting and welding, Dieter
Mairhörmann and Dave MacLellan of Rofin-Baasel concentrated
on the versatility of pulsed Nd:YAG laser machines. Manufacturing
examples they addressed, taken from the medical sector, included
cutting of stainless steel stents and other implants. 

Louise Partridge (GSI Lumonics) provided a series of micro-weld-
ing case studies, including butt-welded seals in battery assembly at
high speed, spot welding of TV gun assemblies with negligible
electrode deformation and high process repeatability, and hermetic
seam welding of heart pace makers and other electronic packages

with minimum heating of internal electronics. She also addressed
the benefits of tailored power modulation in laser welding, includ-
ing heat and spatter control and improved power coupling. 

Stephen Knight described how Keymed combine laser cutting,
welding and marking in endoscope manufacture, including welding
of stainless steel tubing immediately adjacent to glass fibre bundles.
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Speakers at ‘Millimetre-scale Engineering’ (left to right): Stephen Knight
(KeyMed), Martien van Dijk (Eldim), Adrian Kendall (Intense Photonics),
Louise Partridge (GSI Lumonics), Neil Main (Meeting Chair, Micrometric
Techniques), Paul Ward (MJ Technologies), Dave MacLellan and 
Dieter Mairhörmann (Rofin-Baasel) and Gerard O’Connor (NCLA).
Missing from the picture is Bernold Richerzhagen (Synova).

“In spite of the generally held opinion that laser materials pro-
cessing is now accepted as ‘standard’, along with the more tradi-
tional manufacturing technologies, there is still need to raise
awareness,” said AILU Vice President Tim Weedon, who will
spearhead a new initiative within the Association. “It may be that
designers are aware of the headline advantages, but it clear from
the feedback we have received that designers are not sufficiently
aware of design for manufacture and reliability.  This applies to all
manufacturing processes, not least to laser processing, and partic-
ularly to UK industry, which is disadvantaged because it uses laser
processing less than its major competitors do,” he added.

As a first step, all AILU members will be invited to a specially
convened members’ workshop at Loughborough University
Business Centre on 21 November. “We plan to stimulate your
imagination during the morning through keynote presentations
from acknowledged experts in their fields, who will focus on the
basics of Design for Manufacture and Reliability, with the aim of
helping us all to recognise the areas that require attention in our
own and our customers’ operations. Following a buffet lunch, we
will present a vision for the new initiative for coming year and
canvas members’ comments and criticism, which will help us to
refine our plans. 

“This may represent a fundamental shift in AILU’s stance and
behaviour,” said Tim. “To date we have concentrated all of our
efforts on the needs and interests of our members but this initia-

tive would lead us to apply some of our energy to carrying the
‘Design for Reliability and Manufacture using Lasers’ message to
our members’ customers and to the wider UK manufacturing
community.”

“This activity sits comfortably with AILU’s objective of enhanc-
ing UK manufacturing effectiveness through the application of
industrial laser processes. A short-term goal will be to fill unused
capacity on exiting ‘in-house’ and job-shop machines, and in the
medium term this should have the effect of enhancing laser sys-
tem sales and increasing the available funding for onward devel-
opment of both equipment and processes to improve the cost and
adaptability of laser processes.

“As the initiative will have a market development element, it will
provide an attractive advertising and exhibition opportunity for
equipment and service suppliers. Our ‘outreach’ activity may
include electronic and hard copy material and talks that present
the basics, rather than the state-of-the art. 

“We intend an incremental approach guided by feedback from
participants. The new activity will be additional to our tradition-
al focus on members’ interests and progress in this direction will
be determined by membership reaction and financial viability. 

“Clearly, members’ insights are our best resource in planning the
way forward, so we hope for a high level of participation in the
November meeting,” said Tim. 

AILU’s new ‘design for laser manufacture’ initiative
continued on p4

(see p39 for meeting details)



Treating laser-generated fume
I would like to respond to the article on the cutting of wood-based
products by John Powell, featured in issue 27 of the AILU magazine.

The laser machine tool manufacturers have spent a lot of time and
money researching and designing the most efficient and safest
way of dealing with the extraction of waste product especially
fumes from the laser cutting process. I think by including an arti-
cle which states the hazards of the cutting process, especially
when cutting wood and plastics, and concludes by condoning the
removal of any filters from an extraction system and making the
waste to atmosphere is an irresponsible statement.

We have discussed this issue on more than one occasion and as
Editor of the magazine and Managing Director of your own com-
pany specialising in laser safety I would draw your attention to the
Environmental Protection Act 1990 and Health and Safety at
Work Act 1974. Breaches of these Acts are punishable if caught
by the Health and Safety Officers.

The AILU magazine should be proactive in making sure all laser
users are aware of the problems and their solution.

You know our stance when it comes to cutting these materials, to
the point where we have lost many orders to other manufacturers
who will supply. Some companies are offering the correct fume
extraction for these materials but many are not.

Could I ask that this point be revisited by the magazine offering the
correct guidance to the laser users in the cutting of these materials.

I look forward to hearing from you on this subject.

Yours sincerely

Dave Foulks TRUMPF Ltd

Like myself, John Powell was involved in the 4-year Eureka pro-
ject EU643 ‘Safety in the Industrial Applications of Lasers’ and
John’s contribution was wholly in assessing the fume hazard and
its treatment. The Laser Zentrum Hannover is recognised as the
leading body in Europe on laser generated fume and following
EU643 John co-authored a major paper with them on the subject.
That John Powell’s article in Issue 27 article does not deal with
the details of the fume hazard is out of a desire to provide clear
and simple guidance, and perhaps also out of a regard for the
complexity of the fume hazard and its treatment, which at the pre-
sent time is still not fully resolved.

The main concern is, of course, for the health of the workforce,
since it is they who are at greatest risk of harm from the fume and
I believe that John Powell’s article did make clear the importance
of good fume extraction from the process zone. 

When it comes to the broader issue of environmental pollution,
acceptable limits should (and undoubtedly will) fall as time goes on.
However, at the present time the majority opinion of industry and
safety professionals, including (from anecdotal evidence) HSE facto-
ry inspectors, is that it is generally acceptable for the fume removed
from a laser job shop not to be treated. This is based on ‘reasonable
practicability’, taking into account the relatively low levels of fume
produced during laser materials processing and the fact that effective
treatment of fume from organic materials including wood and plas-
tics is generally expensive and far from straightforward.

This does not guarantee that Environment Agency and Scottish
Environmental Protection Agency inspectors will not raise con-

cerns, and if they do the enforcement will be very much a matter
of judgement by the inspecting officer. They could indeed invoke
the Environmental Protection Act. However, in view of the lower
levels of pollution involved, it is more likely to be the Statutory
Nuisance Law (enforced by local authorities) that is invoked and
then only if the factory is located in a built-up area or if the chim-
ney is not sufficiently high. 

The Industrial Laser User has published several articles on the fume
hazard, fume extraction and treatment, all of which are available for
members to download from the AILU web site. It is good that this
issue has been raised and we always welcome safety  features, espe-
cially those dealing with laser generated fume. Laser use in industry
has an excellent safety record and it is in all our interests to keep it
that way. Our aim in this magazine is to express current best prac-
tice, but we recognise that, in the absence of judicial pronouncements
on laser-related practices, this is open to interpretation. Ed.

Survey of laser tube processing
In the recent issue of The Industrial Laser User (Issue 27) we were
excluded from the list of Tim Weeden's survey.  It seems he may
have been conducting a sample of UK suppliers only.  In any case,
I wish to  make it known that Laser Fare provides these services
as well.  We provide cutting, welding, and other value added ser-
vices to the tubing industry.  In the comments section, I would
have listed numbers 2, 14, 15, 19 and 20.

Best Regards

Kip Brockmyre Laser Fare, Inc.

I addressed enquiries to all members, using the email addresses on
the AILU web page, and two reminders to those who did not reply.
As it was, I was amazed to get around 80 replies, from which the
published summary was distilled.  Of course the majority of replies
read something like 'Sorry Tim, we do not process tube'.

I would be delighted to hear from anyone else who was omitted
and should be included. I would also like to hear from anyone
who believes the effort was worthwhile, to decide whether to
update it next year. 
Tim Weedon

In September and again in October, UK engi-
neering trade publications are featuring laser
processing and giving welcome free exposure
to AILU. The publishers are also encouraging
our members to advertise and as a result I
know that some have felt their advertising bud-
gets over-stretched. A key consideration for some companies
appears to be ‘if the competition take an exhibition stand/advert then
we must too’. This is surely not a good reason; indeed many laser-
based companies are highly selective and spend their available
resources in sales approaches that are more focused and pro-active.

Each time the AILU committee has considered introducing paid
advertising in this magazine it has come down against it. Where
we seek ‘advertising’ income, for tables at workshop exhibitions
or illustrated pages on the AILU web site, we set the charges well
within the scope of even the smallest supplier. In this way, I hope
we are succeeding in our aim of presenting a more balanced
spread of information to the user. 
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Lowest price or best value?
There is a lot of talk these days of ‘Best Practice and
Benchmarking’ and no one is going to argue about continual
improvement in manufacturing processes and quality systems,
but what about purchase management? Where is it written that
the best purchase is the cheapest purchase? Who says that low-
est price is best value?

Unfortunately this philosophy seems to be endemic these days
particularly amongst some of the larger organisations and cer-
tainly amongst public bodies. Nothing could be further from
the truth however – lowest price does not represent best value.
What value do you place on quality, service, trust and the con-
fidence these attributes engender?

Laser cutting is a business like many others. It is competitive
and subject to the same rules of engagement as any other busi-
ness you care to mention. Hey, but let’s think about this, how
many businesses can you name where annual investment can
be as much as twenty per cent of turnover. That is a staggering
figure and one that has to be considered very carefully when
calculating working rates.

There is a danger that, in attempting to fill order books during
spells of low market activity machine time is sold at rates that
customers can ill afford to pass up, but who is gaining from
such folly? The customer will gain in the short term, he may
make a little extra on the job in hand, or it may be that the job
he under quoted suddenly becomes profitable. In the long
term, however, he will probably be let down on service,
because the supplier will always put more profitable work first
or he will be let down on quality because the job is rushed in
an attempt to minimise losses. He will probably also have
ruined a very good and often long established trading relation-
ship. How likely is the supplier to put himself out to help a
customer who is continually putting him under pressure to
reduce prices? 

The subcontractor will gain work which will fill his machines
and may, if he is lucky, cover his overheads, but how is he
going to fund a replacement machine when his becomes out-
dated and uneconomic. 

No one is against competition, business thrives on it but crazy
sales tactics by some companies are going to kill the industry
if they don’t, quickly, come to their senses. We can all accept
that we are not going to win every contract and that we may
lose out by 1,2,3,5 or maybe 10 percent. That’s alright – we’ll
just try harder next time, look at the job more closely and
sharpen our pencils. But it is becoming increasingly common
to lose jobs by much bigger margins than that. We have
encountered situations recently where we have lost long estab-
lished contracts to competitors offering rates 25-40 per cent
below our (already discounted) rates. Why can’t these people
see that by quoting realistic rates they can either make more
profit in the hours they are working or make the same profit
and take a couple of days extra off each week. 

In the short term these tactics are likely to keep some compa-
nies busy on unprofitable work leaving the better work for
those who are serious about promoting the industry. However,
in the long term they are likely to lead to expectations of vast-
ly reduced rates across the market place causing a lack of

investment funds to carry us forward. If this is allowed to hap-
pen it will lead to a downward spiral where it will be impossi-
ble to get prices back to a realistic level until many companies
have gone out of business. No one wants that, there are no ben-
efits for anyone there but there are plenty of benefits to be had
by being realistic now.

Laser cutting is getting cheaper, technology is seeing to that
but we have to maintain levels to a degree where the industry
can go forward to take advantage of the technology being pre-
sented to us. Technology doesn’t come cheap – redundancy
does!

The culture of lowest cost wins is one that is going to be diffi-
cult to change, although there are some oases of reality, but we
really do have to make a stand to ensure that we do not sell
ourselves out.

We have a duty to provide the best possible service and quali-
ty, to create trust and to build relationships with our customers.
All of this contributes towards best value, but comes at a cost.
A realistic cost but not lowest cost.

David Lindsey Laser Process Ltd

Truth stranger than fiction
Browsing through the latest "Industrial Laser User" I see a light-
hearted reference to a question from a farmer who wants "to
work out an idiot-proof system to trim crops". Then I remem-
bered the lawnmower with laser trimmer: http://www.wolf-gar-
den.com/ public uk/produkte/prod02a.hbs?article id=9686767.

(This web site refers to the ‘Zero’ lawn tractor: a vehicle that
mows the lawn with no exhaust emissions and just a whisper,
chops the clippings into tiny particles and dries them before
applying them to the lawn in a jet of air and while the work con-
tinues, the operator orders the appropriate fertiliser online.
Among its features are laser cutting and measuring systems,
cameras and sensors to control all the vehicle's operations, and
Internet/intranet access. Ed.)

Truth is indeed stranger than fiction.

But don't underestimate the problems with combining technolo-
gy and agriculture. See the "Company fined £15,000 ..." para-
graphs at http://www.shef.ac.uk/~aurpo/dec98/02ea.html if you
want to know what happened to a company that put a radioac-
tive source onto a combine harvester without thinking through
the safety requirements .

(The company was summoned for offenses under Section 32
(1)(b) of the Radioactive Substances Act 1993 following breach-
es of its registration under section 10 of the Act. It was fined a
total of £15,000 (£5,000 for each breach) for (i) supplying a
radioactive source on hire to a person not registered to hold
one; (ii) not having a person competent to ensure compliance
with registration conditions; (iii) failing to keep adequate
records. Ed.) 

Oh dear!

Graeme Hirst   CCLRC Rutherford-Appleton Laboratory
There are important lessons here for any organisation contem-
plating outdoor applications of high power lasers.  Ed.

Letters (continued)
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Hermetic package welding, one of many milli-scale applications where
laser use offers major benefits: low heat input, simplified lid to package
design and non-contact processing.

A new £20 million DTI programme on Basic Technologies for
Industrial Applications has just been launched by the Department
of Trade and Industry (DTI). DTI funding (£10m) will be avail-
able to support industrially-led collaborative LINK research pro-
jects, together with up to £0.5 million per annum for comple-
mentary technology transfer and awareness projects. 

This DTI Programme is complementary to the Research
Councils’ Basic Technologies Programme launched last year. It
will support industrially-relevant Research, Development and
Technology Transfer in areas such as nanotechnology, simulation
and modelling, sensors, and other advanced technologies which
have the potential to create fundamentally new capabilities, that
could transform industrial performance. Many of these are areas
where lasers are a key technology.

Anyone who would like to receive further information about this
programme as it develops should register their initial interest by
completing the online registration form at the Programme Website:
http://www.basictechnologies.gov.uk The website also contains
more detailed information about the programme as it stands.

New DTI funds for laser applications

AILU provided a half-day ‘Industrial Laser Solutions’ technolo-
gy overview in support of Photon-02, a new national photonics
event organised by the UKCPO, the umbrella organisation link-
ing all bodies within the UK laser community.

AILU President Bill Steen gave an overview of laser processes, Lin
Li (UMIST) addressed surface engineering with diode lasers,
Martyn Knowles (Oxford Lasers) covered photonics manufacture,
Bill O’Neill (Liverpool Uni) described cutting developments, Chris
Chatwin (Sussex Uni) highlighted microengineering applications,
Geoff Dearden (Liverpool Uni) considered laser forming and Paul
Hilton (TWI) addressed diode laser welding of plastics.

The event, held at Cardiff International Arena from 2 - 5
September, combined an Applied Optics and Optoelectronics con-
ference with the now well-established Photonex exhibition. Overall
turnout was about half the 650 delegates expected, and while the
exhibition (generally held in the Birmingham area) attracted a
record number of exhibitors, there seemed to be significantly fewer
visitors from industry than usual and the Industrial Technology
meetings also failed to attract the anticipated numbers.

AILU supports Photon 02

Obituary

Nick White
It is with great sadness that Trumpf have announced the death of
Nick White. He was just 39 years old. Nick’s personality and
considerable knowledge of laser processes had earned him wide
respect and popularity and he will be greatly missed.

Nick joined Trumpf from HK Technologies in the Autumn of
2001 as Laser Marking Systems Product Manager. He had spent
14 years in the laser business, 7 of them in the marking sector.

Adrian Kendall (Intense Photonics) presented a fascinating case
study of laser use in photonics assembly, iincluding the use of
lasers to cleave and strip single mode fibres, spot weld compo-
nents during micro-alignment and hermetically seal packages.

An alternative and unique laser plus waterjet technology for micro-
cutting was presented by Bernold Richerzhagen (Synova SA,
Switzerland). A wide range of niche applications for this novel
technology were described. (See p28 of this issue for details).

In addition to medical component applications of laser cutting,
welding and drilling, Gerard O’Connor (NCLA, Ireland)
described the promising technique of laser surface activation. He
showed results demonstrating how surface wettability and cell
adhesion could be enhanced for Nylon 12 (used for angioplasty
balloons) and PET (heart valves) by Excimer laser surface treat-
ment. Exciting applications of this technique lie in tissue engi-
neering and medical device production. 

In a keynote presentation, Martien van Dijk (Eldim, The
Netherlands) outlined the applications of lasers in the drilling of
high aspect holes in turbine components using pulsed and Q-
switched Nd:YAG. He demonstrated that lasers offer a solution to
most hole drilling requirements and have a clear advantage in
speed and flexibility when compared to EDM. However, laser-
drilled hole quality and reproducibility remained a challenge and
laser beam monitoring and control are essential.

Finally, Paul Ward (MJ Technologies) provided an overview of
laser machines with particular application in the drilling of com-
plex-shaped aerospace components. Features included break-
through detection, part location, process monitoring and control
and the use of the different laser drilling technologies. 

Our thanks to Clive Grafton-Reed and GSI-Lumonics for hosting
the meeting and providing a fascinating tour afterwards, which
included a trip around the expanded Engineering and Manufacturing
areas and the Applications laboratories, with demonstrations of a
range of JK laser products and fibre delivery systems.

continued from p1
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Airflow is particularly
known for its manufacture
of cabs and other fabrica-
tions for well-known agri-
con companies such as
Caterpillar, John Derre, and
CNH. Although much of
this work was in the past
produced on press-tools, a
growing demand for flexi-
bility led Airflow to pur-
chase a Trumpf laser-profil-
er in 1997. Increasing
client resistance to ‘up-
front’ investment in ‘hard-
tooling’ for new models,
combined with a successful
laser experience lead
inevitably to the serious
consideration of not just a
second laser, but a laser-
based FMS. These factors
were augmented by a strong
management desire to reduce inventory further and also save
shop-floor space.

The novel sheet-metal FMS installed by Trumpf Ltd at Airflow’s
Northampton site comprises an automated material store (8.4
metre high, 56 locations), two Trumpf L3030 laser profiling
machines with LiftMaster loading and unloading units and a
TrumaBend V85 press-brake. According to Trumpf, this is ‘the
most comprehensive laser-based system installed in the UK to-
date and contains a number of UK and European firsts.’

High rack storage of the large (3m x 1.5m) sheets of raw materi-
al, combined with integrated materials handling, save consider-

able space. The format of the high-level store accommodates
some 200 tons of material that can be stored and handled within
a 20 square metre ‘footprint’. Close-coupling of production
machines to the store delivers further savings. 

Trumpf LiftMaster load and unloading devices both feed the
machines and, after cutting, remove the finish-profiled compo-
nents and the associated scrap pieces and residual ‘skeleton’ for
subsequent separation and sorting. Unused raw-material are fed
back into the store, stock levels re-calculated and re-ordering
automatically triggered as necessary. The Airflow system also
includes an integrated shuttle-cart facility and associated control
software to carry profiled blanks from a laser unload station to the
TrumaBend press-brake.

Nesting is generally used to maximise material utilisation.
However, Airflow have opted to arrange related items on the
same sheet in order to minimise work in progress. It also
reduces waiting times at assembly by ensuring that balanced
families of parts are always available for building, deemed by
the company to be more important than material savings.

Airflow have determined that the costs associated with the risk
of a machine shutting down is greater than the cost of employ-
ing a man on nights, so although the machines are designed for
automatic operation the system is never run in a truly unmanned
or ‘lights-out’ manner. However, it is possible for a press-brake
operator, at night or weekends to oversee the lasers that provide
the parts that he needs to bend.

The system has not only enabled Airflow to meet all their pro-
ject criteria, but also enabled them to pull back in-house, jobs
which they previously sub-contracted, and even to take on addi-
tional work. This new work has helped to fill spare capacity
within the FMS, and generate ‘downstream’ operations. This
can be carried out by labour freed from old methods, on floor-
space freed up by the high-density store.

Airflow Streamlines leads the way with Trumpf laser-based sheet-metal FMS

The sheet-metal FMS installed by
Trumpf Ltd at the Northampton factory
of Airflow Streamlines plc is the most
comprehensive laser-based system in
the UK to-date.

Over the past few years TWI in Cambridge has been responsi-
ble for much of the development work in the UK on the use of
high power diode laser systems for welding. The latest of their
high power laser sources comes from Fisba Optik. The system,
which comprises a 50W laser source integrated with a scanner,
will be used to investigate plastic welding and selective solder-
ing applications. 

“The system will greatly increase the flexibility and applicability
of the diode laser, thanks to its integrated scanning system and
other process monitoring and control features,” said Ian
Johnstone of Armstrong Optical, the UK representatives of Fisba
Optik. “The Fisba Optik laser has already shown its applicability
to plastic welding and is being used in many manufacturing com-
panies across Europe,” he added.

Recently Fisba and TWI were involved in a trial to join transpar-
ent PMMA components for a medical supply customer. By using
Clearweld® at the joint interface the components were hermeti-

cally sealed within sec-
onds giving a weld with
greater strength than the
parent material.

“The Fisba Optik range
also includes a series of
much higher power
lasers – the FLSultra
range,” said Johnstone.
“These lasers offer pow-
ers up to 300W and are
fully compatible with the
scanner, pyrometer and
other process monitoring
and control accessories.”

Armstrong install diode laser welder at TWI

The flexible Fisba Optik diode
laser unit in action at TWI
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Armstrong Optical
Contact: Ian Johnstone
T: +44 (0) 1933 622222
F: +44 (0) 1933 622226
E: armoptical2@aol.com

BFi Optilas Ltd
Andy Turner
T: +44 (0) 1908 326326
F: +44 (0) 1908 221110
E: Andrew.turner@bfioptilas.avnet.com 

Clik
Contact: Keith Winters
T: +44 (0) 1235 44 5700
F: +44 (0) 1235 44 6368
E: clikinfo@clikbiz.co.uk

Coventry University
Contact: Trevor Johnson
T: +44 (0) 24 7688 8820
F: +44 (0) 24 7688 8272
E: t.johnson@coventry.ac.uk

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

Guttridge Laserfab
Contact: Tim Ford
T: +44 (0) 1775 765300
F: +44 (0) 1775 765303
E: laserfab@guttridge.co.uk

Keith Withnall Associates Ltd
Contact: Keith Withnall
T: 07751 012001
E: keith@kwa.biz

Lairdside Laser Engineering Centre
Contact: Martin Sharp
T: +44 (0) 151 650 2305
F: +44 (0) 151 650 2304
E: martinsharp@btconnect.com

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

Laser Fare
Contact: Kip Brockmyre
T: +1 401 231 4400
F: +1 401 231 4674
E: kbrockmyre@laserfare.com

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 SOS
Contact: Jim Leach
T: +44 (0) 1480 460990
F: +44 (0) 1480 469978
E: sales@lasersos.com

Laser Trader
Contact: John Cocker
T: +44 (0) 1246 267714
F: +44 (0) 1246 269381
E: johnc@lasertrader.co.uk

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

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

MJ Technologies
Contact: Paul Ward
T: +44 (0) 1530 516000
F: +44 (0) 1530 516001
E: mjt@mjt.uk.com

Molectron Europe
Contact: Steve Knight
T: +44 (0) 1869 238048
F: +44 (0) 1869 238001
E: stevek@molectron.com

NPL
Contact: Simon Hall
T: +44 (0) 181 9436758
F: +44 (0) 181 9436098
E: simon.hall@npl.co.uk

Pro-Lite Technology
Contact: Robert Yeo
T: +44 (0) 1908 569422
F: +44 (0) 1908 569422
E: prolite@btinternet.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

Rofin-Baasel UK Ltd
Contact: Dave MacLellan
T: +44 (0) 870 990 1020
F: +44 (0) 870 990 1030
E: D.Maclellan@rofin-baasel.co.uk

Rutherford Appleton Lab
Contact: Colin Danson
T: +44 (0) 1235 446340
F: +44 (0) 1235 445888
E: c.danson@rl.ac.uk

Scanlab
Contact: Viola Schulze
T: +49 8989 02 580
F: +49 8989 02 0462
E: info@scanlab.de

Syspal
Contact: Mark Roberjot
T: +44 (0) 1952 883188
F: +44 (0) 1952 884093
E: mark@syspal.co.uk

Trumpf Ltd
Contact: David Foulks
T: +44 (0) 1582 725335
F: +44 (0) 1582 399250
E: sales@uk.trumpf.com

TWI 
Contact: Paul Hilton
T: +44 (0) 1223 891162
F: +44 (0) 1223 892588
E: pahilton@twi.co.uk

Umicore
Contact: Richard Clark
T: +44 (0) 1438 767504
F: +44 (0) 1483 767555
E: richard.clark@umicore.com

The National Physical Laboratory’s annual Reception took
place in Bushy House and its grounds on the evening of 19
June 2002. Guest of honour was Lord Sainsbury,
Parliamentary Under-Secretary of State for Science and
Innovation. The evening included the opportunity for guests to
see technical demonstrations on the theme that in business,
government and research, reliable scientific data are vital to
good decision making.

The United Kingdom's national standards laboratory was
founded in 1900 and officially opened by King George V in
March 1902.  In his speech King George highlighted the objec-
tive of NPL as being "... to bring scientific knowledge to bear
practically upon our everyday industrial and commercial life,
to break down the barriers between theory and practice and to
effect a union between science and commerce."

Over the past 100 years, NPL has employed some of the UK’s
greatest scientists. Their work has significantly enhanced the
quality of life and industry performance of the UK, contribut-
ing to NPL's reputation as one of the top 3 national measure-
ment institutes amongst 50 in the world.  Leading figures that
have been with NPL over the years include Sir Thomas
Stanton, a pioneer in wind tunnel testing, Alan Turing, who
invented the idea of the stored-program computer, Sir Walter
Stiles, the famous colour scientist, and Louis Essen, whose
work brought the world practical atomic clocks.

NPL is the largest applied physics organisation in the UK employ-
ing some 700 staff, 85% of whom are graduate specialists in the
physical sciences, materials, mathematical software and knowl-
edge transfer. Work is divided into 17 research areas. Among
these are materials, fibre optics, acoustics, ionising radiation, time
and frequency measurement. Key industry sectors benefiting
from this work include Engineering, Manufacturing,
Instrumentation, Telecomms, Defence and Aerospace. 

Good practice guides
The following good practice guides for users of dimensional
metrology equipment are issued by NPL at £25 each:

CMM Probing (Guide No. 43)

CMM Verification (Guide No. 42)

CMM Measurement Strategy (Guide No. 41)

Callipers and Micrometers (Guide No. 40)

Dimensional Measurement using Vision Systems  (Guide No. 39)

The Measurement of Surface Texture using Stylus Instruments
(Guide No. 37)

Visit the e-store at http://www.npl.co.uk/e-store/

Dimensional Metrology awareness Club
Join DMAC and take advantage of a £40 trial offer. For more
information see http://www.npl.co.uk/clubs/dmac/

‘Better Data - Better Decisions’ at NPL summer reception

Contact details for members’ news items
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Welcome to New 
Corporate Members

(since June 2002)

Alcatel Optronics UK Ltd

Autolaser Technologies

Camtek Ltd

E&B Gas Control Systems Ltd

E2V Technologies

Elforlight Ltd

Lasertech Profiles Limited

Mack-Brooks Publishing

Pro-Lite Technology LLP

Scanlab AG

Smallpeice Enterprises Ltd

Specialised Laser Products

SSAB Swedish Steel Ltd

Tube Bending International Ltd

Tullio Giusi spa

Unitek Miyachi Lasers

The recent visit of chil-
dren from the local
Newcroft Primary
School, Shepshed, to
Electrox was part of
the Primary Schools
Technology Challenge,
an initiative set up by
the Machine Tool
T e c h n o l o g i e s
Association, assisted
by Regional Education
Business Partnerships
and SETPOINTS.

Now in its 9th year, the
scheme introduces pri-
mary school children
to the manufacturing
world and gives teach-
ers and pupils working knowledge of how technology is used in
the manufacturing process, whilst informing teachers about the
career possibilities available in modern engineering.

“It was smashing for the youngsters. They were totally absorbed
in seeing what the machine was actually doing. That it was con-
trolled by computer was something that they could link to their
own computer work at school,” said Headmaster Chris Thomas.
“One of our girls, whose ambition is to be an electronics engi-
neer, was particularly engrossed and was already able to under-
stand a surprising amount of the applied technology. Now we
have a 10-strong working party at school producing a powered
model of the Electrox Lazerblade profiling press from a Fisher-
Technik kit supplied by the company. This will be presented at an
East Midlands Technology Day at Loughborough University, 20
June 2002, at which the children will be presented with a certifi-
cate for their efforts.”

The MTTA believes in the importance of developing children’s
interest in engineering and the Technology Challenge allows
them to make the valuable connection between their school stud-
ies and the world of work.

Electrox hosts local school visit

As of July 1, 2002, the company of Haas-Laser GmbH + Co. KG,
Schramberg, become Trumpf Laser GmbH + Co. KG.

The company has been a member of the Trumpf Group for ten
years, and has already been represented by the Trumpf logo for
two years. The change of name further emphasises the company's
membership in the Trumpf Group and is a logical continuation of
the company’s international one-brand strategy. 

Trumpf Laser GmbH + Co. KG is a leading manufacturer of
solid-state lasers for material processing. The Schramberg-based
company has 550 employees working in development, produc-
tion, sales, service and administration. 

In fiscal 2001/02, which ended on June 30, 2002, Trumpf Laser,
Schramberg achieved sales of roughly 140 million, equivalent
to an increase of 24 percent on the previous year. 

Haas-laser is now Trumpf laser
A pattern of continuous growth in its business has led Lasag AG
(Thun, Switzerland), a leading manufacturer of industrial solid-
state lasers for material processing, to relocate to a bigger, fully
owned facility.

The new plant is 3 times the size of the present site, with almost
4,500 m2 built on grounds of 11’600 m2, an arrangement that
leaves significant room for future expansion.

The new facility is a modern building and features the design and
infrastructure necessary to develop, manufacture, demonstrate
and serve highly innovative products. Recent investments in
manufacturing equipment, like clean-rooms raise the company’s
potential for the production of state-of-the-art lasers and laser
related components.

The new address is: C.F.L.-Lohnerstrasse 24, P.O. Box 3602
Thun, Switzerland.     (See p6 for other contact details)

Expansion at Lasag
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Rofin’s range of high power diode lasers now extend to 6kW and
are opening up new materials processing possibilities hitherto dif-
ficult or uneconomic. Diode lasers are extremely robust, efficient
and convenient to use. Table 1 below shows that a 2kW diode laser
needs no maintenance, is only a fraction of the size and uses only a
fraction of the power and cooling of its industrial counterparts.

With all these advantages and the fact that the diode laser is like-
ly to be the cheapest to buy, why is this laser not used more wide-
ly? The reason lies in it’s beam quality. The output beam is natu-
rally rectangular and minimum spot sizes are currently around
1mm, unsuitable for cutting or high penetration welding but fine
for plastic welding, conduction-limited welding/brazing and
transformation hardening.

Plastic Welding
Plastic transmission
welding is already
successfully applied
in automotive and
medical device fields.
The weld takes place
in an overlap configu-
ration; the upper
material is transparent
to the HPDL light,
while the bottom
material, which can
be identical in appearance, is chemically different and absorbs the
laser light. The laser power is thus absorbed at the interface and
the two layers are welded together by applying light pressure at
the same time as the laser light. There is little or no damage to the

top layer, this is ideal for cosmetic appearance. The laser-welded
joint is up to 50% stronger than a conventional ultrasonic weld.
Another technique is to apply a special layer of absorbing mater-
ial, a solid or liquid, to the interface layer of plastic that is other-
wise transparent to the laser light.

Metal Welding/Brazing
Only heat conduction welding is currently feasible, but if parts
have a poor fit up then this can have  advantages over other types
of laser welding. 

The laser diode welding of zinc coated steel is a successful tech-
nique that has extensive areas of application. HPDL welding of
stainless steel may prove to be a very interesting area of applica-
tion. Fillet welding of stainless steel domestic appliances in par-
ticular are excellent in appearance and strength, although speed is
lower than with conventional welding. However, surface finish-
ing is not required and the weld meets the high requirements of
quality and aesthetics of stainless steel kitchen sinks.

Transformation Hardening
The diode laser has an obvious advantage in this application since
it can produce a line focus as standard. A 1.5kW laser has a typical
focal spot of 1.5 mm x 3 mm, although other sizes are available.

Absorption of ferrous material at 940 nm is about 20-40%, so it is
unnecessary to apply a coating to improve absorption, such as is
often hrequired when CO2 lasers are used. Results in Germany
have reported hardening 0.45% carbon steel using the 1.5kW
laser at about 0.5 m/min. A hardened track about 7 mm wide and
1 mm deep was produced in a single pass. Selective hardening has
the advantage of reducing the total heat input to the component,
minimising distortion. It also facilitates local wear resistance,
without making the bulk parts brittle, a feature of interest in tool-
ing and plastic mould industries.

In summary, we are near the beginning of new applications for the
latest direct high power diode lasers. HPDLs are of interest for
many applications as well as plastic welding, welding/brazing of
joints and transformation hardening, including soldering of com-
ponents onto PCBs and ‘silver soldering’ of car body parts.

Andrew B May Rofin-Baasel UK Ltd

Table 1:- A broad comparison between aspects of 2 kW industrial lasers

Applications for Rofin’s latest industrial multi-kilowatt diode lasers

Laser Type YAG YAG CO2 Diode
lamp pumped diode pumped

Laser medium Solid state Solid state Gas Solid state

Wavelength (µm) 1.064 1.064 10.6 0.808 or .94

Total power requirement 80kW 30kW 15kW 6kW

Approx. size laser head (l) 100 100 1000 5

Maintenance interval (hrs) 600 2000 2000 Maintenance free

A plastic part welded by diode laser

The Pro-Lite Technology partnership was formed on September
1st 2002 by three former colleagues who together bring over 50
years’ experience in sales and marketing in the European photon-
ics industry: Ian Stansfield, Robert Yeo and Peter Blyth. The new
distributor serves the laser and photonics communities in the
United Kingdom and Ireland.

Prior to forming Pro-Lite, Ian worked in high power CO2 laser
development for Electrox before transferring to senior sales and
marketing positions within distribution company BFi Optilas.
Robert, who worked for Optilas from 1989 through 1995, went on
to become the first manager for Labsphere in the UK and has
spent the last two and a half years working in international sales
for Spectron Laser Systems. Peter, who began his career at AWE,
formed Optilas in 1985 and managed the growth of that business
culminating in it becoming the leading European photonics dis-
tributor with 2000/01 sales of over 100 million Euro.

Pro-Lite has signed exclusive distribution agreements with
Labsphere (USA), a manufacturer of integrating spheres and opti-
cal radiation measurement equipment and with Axcel Photonics
(USA) who produce high power CW and high brightness laser
diodes up to 5W at wavelengths 808nm to 1450nm. 

Pro-Lite: a new distributor for UK and Ireland

left to right: Robert Yeo, Ian Stansfield and Peter Blyth



Finance Director, Mike Arbon joins
the MJ Technology team from the
USA. Mike will continue to oversee
the day-to-day operations of the
Winbro Group, but will be providing
closer strategic vision and financial
leadership to MJT.  

Two other changes have also taken
place recently. Malcolm Whitmore,
who was the co-founder of MJT, is
returning as a Non-executive Director.
With the restructured management
team and given his wealth of experi-
ence, Malcolm will play a crucial role in enhancing technological
advances.  Also, Dave Herbert, who is ex-GKN, has been appoint-
ed to assist business development in the automotive sector.

Howard Johnson, who many will
know from his time at Domino
Printing, Rofin-Sinar and Lumonics,
has been appointed UK Sales Manager
at Electrox (600 Group).

Electrox Nd:YAG laser marking sys-
tems are used throughout manufactur-
ing industry including electronic prod-
ucts (computers, mobile phones), food
and beverage, automotive, packaging,
electrical, general engineering and
medical.

To help deal with this expanding mar-
ket, David Earl has been promoted
from within the company to Product
Development Manager, Marking
Systems.

Colin Webb, Fellow of the Royal
Society, Professor of Laser Physics at
the University of Oxford, Chairman
and Founder of Oxford Lasers Ltd
and President of the UK CPO
(Consortium for Photonics and
Optics), marked his formal retirement
from the University on 21 June 2002. 

During the retirement party, past
members of Colin’s research group
provided lighthearted accounts of the
many contributions he has made, in
particular to the understanding and
development of Metal Ion, Excimer and Copper Vapour Lasers,
including discharge devices for metal-ion lasers, the first practi-
cal device for discharge-excitation of excimer lasers, the intro-
duction of the 'automatic pre-ionization' technique for dis-
charge-excited excimer lasers, the introduction of cryogenic gas
purification techniques for extending the working lifetime of the
gas mixtures of excimer and VUV lasers. In 2000 he was award-
ed the MBE for contributions to the UK Laser Industry.

In addition to the 35 D Phil students that Colin has supervised,
many of the now-senior members of the UK and international
gas laser research community have worked with Colin at some
time in their careers. It was clear at the retirement party that they
all have appreciated Colin for his human qualities as much as
for his expertise in laser physics and engineering. 

Colin’s retirement does not bring to an end his active involve-
ment with lasers in the UK. Amongst other things, Colin
remains Chairman of Oxford Lasers and a member of the
Optoelectronics Advisory Committee of the Rank Prize Funds,
responsible for recommending the award of Rank Prizes for out-
standing achievements in Photonics and Optoelectronics and for
bringing together world experts and graduate students to
exchange views on the latest research. He also retains an office
at the Clarendon Laboratory and is expected to remain an active
part of the ongoing laser activities there.

Due to the continuing success of Purex
particle and fume purification systems
in export markets, Phil Downing joins
the company as International Sales
Manager. A qualified engineer and
sales manager with over 20 years
experience in engineering, design and
automation, Phil is in a strong position
to develop sales of Purex equipment
world-wide.

“Purex have the flexibility to deal with
an ever changing marketplace, pro-
duce innovative designs, supply tried
and tested systems and have fantastic customer loyalty,” said
Phil. “We supply to the packaging, laser, electronics, welding,
pharmaceutical, medical and automotive markets to name but a
few and we have two new product launches coming up. It's going
to be good fun over the next few months!"

Phil Downing
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New Appointment at Purex

Colin Webb, FRS

Colin Webb ‘retires’
Keith Withnall has recently been
admitted as a Fellow of the Institution
of Electrical Engineers (FIEE) and
has been granted Chartered Engineer
status. 

Keith has over 25 years experience in
the design, application, sales and mar-
keting of industrial laser systems. He
provides consultancy support to
industrial laser users and business
development services for manufactur-
ers through his company 

IEE recognises Keith’s contribution

New faces at Electrox

Personnel changes at MJT

Mike Arbon

(above) Howard Johnson and (below)
David Earl take on new management

positions at Electrox

Keith Withnall



For Sale
Ealing Optical Table

Table size 4' x 8' with a 8.3" thick honeycomb core

Melles Griot Product no. 07 OTI 053
Load capacity 1100Kg

Cost £7000 new, will accept £4000

Price includes 4-off 'Pump and Go' Isolators. Removal from
laboratory and delivery to new location is at buyer’s expense.

For further details or to arrange viewing please contact:  

Dr Andy Murray at The Laser Centre, Loughborough College
T: 01509 618242   F: 01509 618108    E: murraya@loucoll.ac.uk 
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There have been some changes within the Advanced Joining
Centre at Coventry University’s School of Engineering. 

Trevor Johnson is now taking a more active role in the laser-relat-
ed activities of the Centre and the senior research team has been
joined by Dr Liz Read from Cambridge University, whose back-
ground is in Materials and Welding.

Liz is to head up a three year Plasma-Augmented Laser Welding
project in conjunction with the Corus group and involving two
PhD students. Nicholas Longfield, who recently completed his
PhD at the University with a thesis entitled ‘Ultrasonic Enhanced
Laser Welding’, has joined the Corus group.

“We have completed initial work into the area of Laser Welded
Tailored Joints,” said Trevor. “This has resulted in some interest-
ing results. Tailored Joints involve using a robot or some other
CNC machine to move the laser focusing head in order to shape
the weld. More specifically it is the ability to tailor the shape of
the laser weld to optimise joint performance for a predicted fail-
ure mode e.g. tension, compression, peel, etc.” he added. “This
would allow a vehicle designer to specify a particular joint con-
figuration for a component or part of a structure.”

Other areas of work within the Centre include the laser surface
texturing of plastics and ultrasonic joining. ”High power ultra-
sonics technology has great potential in both the welding and cut-
ting field, and could compete with lasers in quite a few applica-
tion areas,” said Trevor, “this whole area of high power ultrason-
ics is reminiscent of lasers within the early 1980's - a relatively
unexplored technology.”

Nick Blundell and John Biffin have moved from the Advanced
Joining Centre to work in the University’s Techno Centre.

Changes at Coventry Situations wanted
Chanthu Sivachanthiran holds a 2nd Class Honours degree
in Physics and is currently completing a MSc in Laser
Application in Micro Machining and Processing at the
University of Hull, finishing  30th Sept 2002. He has over five
years of working experience in a technological and innovative,
independent franchise company where he was responsible for
developing new approaches to the technical side of the busi-
ness, from inception through to implementation. He offers
skills in strategic planning, organisational design and problem
solving.

His is seeking a position in a design and innovation team with-
in a growing organisation. 

For further information, contact Chanthu on 01482 345178
or E: c.s.sivachanthiran@physics.hull.ac.uk. Alternatively,
contact the AILU office for a CV.

Robert Odsterczyl is a recent MSc graduate from the Atomic
Optics division of the faculty of Physics of Jagiellonian
University, Krakow, Poland. His thesis topic was "Optical
measurements of the nuclear polarization of hyperpolarized
He3 states." He is currently working at the British
International School of Krakow as an ICT co-ordinator and
computer systems manager, but after two years at the School
he would like to come back to Physics.

He is particularly interested in a PhD Scholarship but would
consider any position that would give him opportunities to
develop his skills and knowledge.  

For further information contact Robert on (mobile): +48 606
426338 or E:odster@wp.pl. Alternatively, contact the AILU
office for a CV.

Dennis Defocy, who for the last 12 years worked as the field ser-
vice engineer and, most recently, High Power ND:YAG product
manager at Convergent Energy, has joined Laser Fare as their
continuous improvement engineer.

Laser Fare have also recently hired Ed Goldman, most recently of
Boston Scientific, who joins the staff of the Medical Unit as a
project engineer.

Terry Feeley, an original founder of the company and who main-
tained a link with the company after 1989 when he sold the busi-
ness, is no longer associated with Laser Fare, Inc. Many will
know Terry  through his activities within the Laser Institute of
America.

Staff changes at Laser Fare

Job Vacancies and Situations Wanted
As a service to the laser community, we offer free placement of
job vacancies and situations wanted for those working in or 
seeking to enter the industrial laser community.

Send a brief description to the AILU office in February, May,
August or November to ensure inclusion in the following month’s
magazine. Alternatively, in certain circumstances we will also do
a blanket e-mail of members with brief details of persons seeking
employment ,but not to advertise a situation vacant.
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Following its inauguration on April 10th
2002 by Professor David King, chief scientif-
ic advisor to the UK government, commis-
sioning of the Vulcan Petawatt Facility is now
well underway. This major upgrade to the
Vulcan laser at the Central Laser Facility,
Rutherford Appleton Laboratory, will
increase the power it can deliver by a factor
of ten.  Vulcan will give its users access to the
highest focused laser intensity in the world.

Chirped Pulse Amplification (CPA) is used
on Vulcan to stretch low intensity pulses from
100 femtoseconds to a 1.2 nanoseconds so
that they can be safely amplified before being
recompressed.  CPA thus enables pulse inten-
sities on the target to be up to a thousand
times greater than would be possible using
other techniques.  The upgrade will generate
500 Joule pulses with duration of only 500
fsec, corresponding to a peak power of 1
Petawatt (1015 W). The beam is then focused
to a near diffraction limited focal spot less than 10 µm in diame-
ter, resulting in an irradiance greater than 1025 Wm-2 on the target.

The upgrade was funded by an EPSRC grant and incorporates
laser amplifiers made available to the project following the clo-
sure of the Nova laser facility at the Lawrence Livermore
National Laboratory (LLNL).  These amplifiers boost the output
of Vulcan beam to an energy of 750 Joules.  A new  500 m2 target
area was built to accommodate the 1 metre diameter pulse com-
pression optics and the experimental chamber in which the exper-
iments will be performed. A 350 m2 clean room facility has also
been established for handling and testing large aperture optics and
for servicing the new amplifiers.

“Taking the beam size from 150 mm to 600 mm means that sud-
denly we’re using 940 mm optics that weigh half a tonne,” said
Colin Danson, Vulcan Group Leader. “Because this is a petawatt
pulse, you can’t put it through anything, not even air, without
destroying the phase front. We’d like to provide a frequency-dou-
bled [petawatt] source, but the technology isn’t in place to do that
at the moment.”

The upgrade will be a national user facility used for a wide range
of ultra-high intensity studies including plasma behaviour in the

extreme conditions normally found only in the interiors of stars.
Studies will be made of the inertial confinement approach to con-
trolled thermonuclear power capitalizing on pioneering work con-
ducted by UK and Japanese researchers on the “fast ignition”
technique. The first experiment in November/December 2002
will investigate advanced particle acceleration schemes for future
laser based accelerators.

Chris Edwards, project manager for the Vulcan Petawatt
upgrade, said: “This level of performance will open up new
regimes of plasma physics to the UK and EU scientific user
community and their international collaborators. Exciting
experiments are already in the planning stage, including photon-
induced nuclear reactions, acceleration of charged particles in
super-high electric field gradients and advanced fast ignition
fusion schemes.”

Commissioning of the PetaWatt facility at RAL

The PetaWatt group successfully complete the installation

Inspection of one of
the large aperture
compression grat-
ings installed in the
Petawatt
Compression
Chamber. The grat-
ings were manufac-
tured by Lawrence
Livermore National
Laboratory (LLNL),
California USA

The Council for the
Central Laboratory of
the Research Councils
(CCLRC) recently
announced  the launch
of Clik - the Central
Laboratory Innovation
& Knowledge
Transfer Ltd. 

The new technology
transfer company has
been set up for the
commercialisation of research carried out at CCLRC. 

"Clik will provide CCLRC with a range of technology transfer
services. The Clik team has already begun to identify projects
that show promise for licensing or possible spinout. These will
be taken forward through Venture Capital and seed funding
sources for further development and commercial exploitation,"
explained  Clik CEO Keith Winters. 

CCLRC launches innovation company

Dr Keith Winters, CEO of Clik (left) and
Professor John Wood, CEO CCLRC at the
Clik launch in April.
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Micrometric Techniques has acquired an advanced scanning sys-
tem as part of a £650,000 investment package in state-of-the-art
laser and machining equipment.

The £65,000 Trumpf Qualifier 1250 scanning system performs an
important reverse engineering role enabling the scanning of com-
ponents supplied by customers. It also allows Micrometric to scan
and produce components from a customer’s template or pattern
whilst also providing consistent quality control on profiling and
sheet metal work production. 

“Combining this capability with our lasers we are able to provide
very fast turnaround of parts and can also provide dimensioned
drawings of parts as a chargeable service,” said David English
Micrometric's operations manager.

The state-of-the-art scanner allows measurement of laser cut parts
and comparison with master CAD files. This enables a fast, accu-
rate and complete measurement of the complete profile.

The scanner, installed in a temperature-controlled environment
measures 1250x1250 mm and is accurate to 35µm on large com-
ponents. It can measure part height and thickness up to 40 mm.

This investment follows the recent installation of a five-axis MJ
Technology CNC machining centre, the only one of its kind in the
UK. It has a 3kW C02 Trumpf laser at its heart and a robot to carry
out repetitive handling of components. 

New scanning system will keep Micrometric ahead

Micrometric apprentice Daniel Brownbridge loading a component onto
the new scanner.

Syspal, the Shropshire fabrication engineers specialising in stain-
less steel and aluminium, have recently installed a new 7-axis
Lasertube machine from BLM-Adige, one of only two of its type
in the UK.

“The new machine allows us to cut any shape of hole at any point
along the length of round, square, rectangular and oval tube” said
Mark Roberjot, Syspal’s Systems Engineer. “The specifications are
impressive and it will accept tube of section up to 140 mm dia. or that
can be inscribed within a 140mm dia. circle, in lengths up to 6.5m.” 

“The Lasertube provides a repeatable accuracy to ±0.1mm and
clean cuts that require no further machining, allowing us to pro-
vide our customers with, for example, an accurate ‘kit of parts’
for rapid trouble-free pre-fabricated assembly. Where post-
welding of parts is required, laser cutting provides accurate joints
for increased weld integrity and by proper design the need for 
jigging can be eliminated.”

“We believe laser tube cutting can open up radical new design pos-
sibilities for many of our customers products, so we try to encour-
age them to ‘think laser’ at the design stage” said Mark. “Multiple
machine operations to produce holes, slots and location tabs in tube
and box section are a thing of the past!” he concluded. 

Syspal installs Lasertube machine
Guttridge Laserfab, the CNC sheet metal division of South
Lincs-based Guttridge Services Ltd, have recently purchased a
Trumpf 5kw 3m x 1.5m CNC laser profiling machine to join
their existing Bystronic 4kw 4m x 2m CNC Laser with rotary
axis, purchased in 2001. The latest Trumpf will extend cutting
capacity to 20mm stainless, 12mm aluminium and 25mm mild
steel and provide significant speed improvements  

A high specification 250 ton x 4m Edwards-Pearson Beyeler
press brake completes the current investment and is expected to
“significantly reduce setup times, improve accuracy and
increase bend capacity”, according to MD Peter Guttridge.
“This investment will further strengthen our capabilities, bring-
ing our investment in new machinery and computer systems to
£1m since we moved into our new factory 2 years ago.”

Guttridge Laserfab also offer  robotic welding and powder coat-
ing as well as general fabrication. 

Guttridge’s major new investment

Laser Fare Inc, Rhode Island USA has recently received certifi-
cation for ISO900:2000 and AS9100:01 Rev. A from the
Performance Review Institute. The certifications, for laser cut-
ting, drilling, welding and engraving, are recognised worldwide
as quality and business standards for manufacturing; including
the medical and gas turbine industries, both of which are core
industries for Laser Fare.

Laser Fare also took delivery of another Lumonics JK702 weld-
ing station, their third JK system. “This machine is being used
in our Medical Unit to weld surgical instruments” said Roland
Benjamin, the unit manager. “The new workstation allows us to
duplicate processes, add capacity and we feel confident that the
Lumonics technology will not let us down.”

This is Laser Fare’s 21st laser system.

Progress at Laser Fare

Members’ News
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BAE Systems have recently taken delivery of a 5-axis laser pro-
filing machine, the Trumpf  Lasercell TLC 6005. The machine,
to be used for cutting titanium and aerospace alloys, forms part
of a £2.9 million facility being installed at Samlesbury, which
in turn is part of a £17 million Eurofighter manufacturing facil-
ity investment.

The installation, the first in the UK, and only the second in the
world, came 3 years after the project was given the go-ahead.
Many months of trials followed to assess the acceptability and
viability of thermal cutting on stressed airframe components,
even before potential suppliers could be short-listed and invited
to tender. 

The 5-axis, moving-optic machine has a work envelope of 4m x
3m x 1m, and a 4m x 2m bed, which can be split to allow ‘pen-
dulum loading’ of parts up to 2m x 2m in area. From a wide range
of laser types and powers BAE Systems chose a Trumpf 1800W
CO2 laser as being optimum to handle the power requirements of
their relatively thin materials.

The facility is already starting to prove itself in the early stage
production of Eurofighter parts. Not only has it the capacity to
meet the peak demand for these parts (expected in 2007) but
thereafter will become an increasingly important contributor to
the production of components for the (Lockheed Martin) joint
strike fighter, or JSF.

BAE purchase Trumpf TLC 6005 

Since commissioning a Bystronic Bysprint supplied by Pullmax
Limited, Romec, the facilities services arm of Consignia, has
seen a 60% reduction in the laser production time of one of its
products. Romec produces mail, materials handling and
automation equipment for postal  authorities worldwide.  

The company works predominately in mild steel, stainless steel
and aluminium. In 1996 Romec installed a (non-Bystronic)
machine with a 1500W laser source and had the ability to pro-
file materials up to 8 mm in thickness. As the company’s work-
load diversified this laser became too slow and was unable to
handle the increase in gauges being worked.  This resulted in
Romec being unable to compete with companies who had
moved on with the advantages of laser technology.

“The machine has only been in since the end of June but there
have already been significant benefits.  The Bysprint is
equipped with a 3000W resonator allowing us to cut up to 20
mm and this has opened up a whole new area of work,” said
Kevin Fowles, Romec’s production manager. “One garage fore-
court product that used to take 22 minutes to produce on our old
laser now takes just 9 minutes so we are achieving over twice
our previous production rate.”

3kW laser improves production 250%

The Lairdside Laser Engineering Centre (University of
Liverpool) has been assisting Caspar Jones of Built Macaw, a
Liverpool-based designer, in developing an exhibition titled
“Excited Volumes” that will take place as part of the Liverpool
Biennial. The exhibition will explore links between art, industri-
al practices, the built environment and information technology. 

In the same way that Gehrys’ Guggenheim and Mendini’s
Groningen museum have made use of new engineering 
techniques in novel architecture, Caspar Jones has used 
various laser sources at the laser centre to examine and 
develop new techniques in designing and developing the built
environment.

The exhibition will take place in the newly refurbished Static
Gallery in Liverpool during the Liverpool Biennial. A symposium
will also be held in November.

Talks will be given by a range of invited speakers from the archi-
tecture, arts and design community as well as a talk by Martin
Sharp, Laser Centre Manager on the possibilities made available
by the use of lasers in manufacturing. 

For further information please contact Martin Sharp 
T: +44 151 650 2305.

LLEC assist environmental exhibition 

M J Technologies has recently launched a new design concept for
EDM / Laser Systems to be announced formally at the Company
Open Day in November 2002. The design engineering team have
been working in unison with the Directors to incorporate many
exciting technological advances in the new designs. The new
series of equipment includes the FHD Series EDM modular
machining systems based on size and capacity, LMC Series Laser
machining systems to suit aerospace, automotive and industrial
applications from cutting, welding, drilling and marking and the
FHDC Combination System, a patented combination marking
and drilling system using a combination of EDM and laser
processes.

MJT launches new EDM/laser design 

New FHDC 800 Combination System
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Molectron Europe Ltd have introduced the LaserGage range of
low cost industrial laser power meters.

Lasergage is a compact microprocessor controlled unit that does
not require water cooling. Operation simply involves pressing the
‘arm’ button, exposing the sensor to the laser beam and in five
seconds the laser power is displayed.

Other features include NIST laser calibration as standard, memo-
ry for storing multiple readings, and remote (hands free) opera-
tion.

The 4 models available cover laser powers from 10W to 5kW. 

Molectron’s low cost industrial meter
GSI Lumonics have introduced a new, ‘super robust’ fibre-optic
system for delivering high power from laser sources for material
processing. The Luminator™ fibre-optic system includes patent-
ed technology that protects fibres from possible damage caused
by back reflection during high-power welding of highly reflec-
tive materials, such as copper and aluminum, materials that have
previously been very difficult to weld with fibre-optic systems.
The company claims that the system’s patented terminations,
closed-loop feedback, flexible design, and significant decrease in
required maintenance provide users with a significant reduction
in cost of ownership over current design offerings. 

At the onset of laser welding or drilling, until the surface breaks
down, 80-90% of the incident laser light can be reflected back
onto the fibre. This reflected light can potentially damage the
fibre, requiring the repeated purchase of costly replacements. 

The level of back-reflection is continuously monitored and trig-
gers an automatic system shut down if the amount of back reflec-
tion exceeds acceptable levels, thereby protecting the fibre from
damage. With patented terminations at each end of the fibre optic
cable, the Luminator™ enables users to weld at full power with-
out risk of harming the equipment or the fibre optics. 

Each termination is plug-in and pre-aligned, which reduces main-
tenance time from hours to minutes. Users are no longer required
to manually align each fibre to the laser beam because every fibre
is pre-adjusted at the factory. 

The Luminator fibre optic system is now standard on all new
industrial welding products developed at GSI Lumonics, includ-
ing the new JK802 and JK1002 continuous wavelength lasers, as
well as the updated JK700TR series pulsed laser system product
line. Retrofit kits are available for systems currently in the field. 

New Fibre System from GSI Lumonics

The new compact Cobra diode pumped Nd:YAG laser marker
from Electrox provides enhanced marking quality, high reliabili-
ty, low maintenance and uncomplicated integration into produc-
tion lines.

Enhanced marking quality
Because diodes facilitate much closer control over the laser beam
Cobra offers improved beam stability and smaller spot sizes, pro-
ducing enhanced marking quality.

Maximum uptime
With diode life guaranteed at a true 10,000 hours, marking with
Cobra ensures high levels of reliability, whilst quick-change diode
packs ensure simplified, low frequency servicing regimes.

Simple installation
The efficiency of the diode pumping process allows the new
Cobra to operate with its own integrated air cooling system and
connects to single phase mains power.  Moreover, with a footprint
of only 782 mm x 183 mm, Cobra offers both simplicity of instal-
lation and ready integration onto production lines.

New graphical interface
Cobra software is a new 32 bit application incorporating a new
graphical interface which provides better compatibility with other
Windows® applications 

High speed marking
Simulations at Electrox suggest that marking with Cobra
achieves up to 500  characters (1 mm high) per second .

Laser marking creates indelible and distinctive branding as well as
linear bar and 2D coding for improved component identification
and traceability as well as providing a defence against counterfeit-
ing. Cleanliness is ensured with no inks or unpleasant solvents
needed. Industrial applications include precision tools and dies,
automotive components, computers, mobile phones, electronics
components, promotional giftware, identification tags etc.

Electrox launch new Cobra system
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Umicore Laser Optics Ltd boast an excellent reputation for
applications and innovation, built up over many years of provid-
ing laser users with a wide range of products from standard mir-
ror blocks to state of the art zoom beam expanders. Many of
these products were designed and built in response to customers
needs and applications.

“A survey of our customers discovered that whilst they like our
existing beamline products, some find it difficult to understand
which parts they need for their application and how they can best
link the parts together,” explained Richard Clark, Head of
Operations at Umicore. “In particular, many first time buyers of
low power sealed-off CO2 lasers wanted something smaller and
easier to use than we were offering, a product range that did not
need an expensive laser engineer to spend hours on alignment
and cleaning.”

The new CO2mpact Beam Delivery System (the “2” in CO2
being silent!) from ULO aims to meet this need (see
http://www.Co2mpact.com for details). 

“The first criterion to set was the optics,” said Clark. “In order to
make the product competitive, we chose standard parts from our
current product range and decided on 25mm diameter mirrors
and 19mm lenses, providing a total maximum clear aperture of
17mm.

“We wanted to make the products ‘easy to buy’. From the laser
plate onwards, we set about designing a totally new product
range. Many first-time buyers of the smaller CO2 lasers use a
fairly short beam path, so we decided to pre-align each mirror
block to a 45 degree angle of incidence to within ± 1 arc minute.

In this way, by
using a combination
of pre-aligned mir-
ror blocks and well-
centred lenses (we
contacted the most
popular laser manu-
facturers in this
field and designed
an interface plate to
suit each one), only
minimal alignment
is needed.”

The all-new com-
pact product range
includes standard
items like mirror
blocks, nozzles,
pipes, shutter units,
and more elaborate
products such as
reflection isolators and visible-beam injectors.

As sealed laser powers increase, and provide higher pulsing
capabilities, an increasing number of people are attempting to
cut thin sheet steels. In this case the laser the cavity needs to be
protected from potentially damaging back reflections. The
reflection isolator, when used with a polarisation device, is
designed to block these back reflections, and avoid costly laser
repairs. 

Laser SOS have introduced a range of diode-pumped Nd:YAG to
their series of OEM integrator products.

“The new diode-
pumped lasers
give the user a
new degree of
diode safety not
available else-
where,” said
sales executive
Jim Leach. 

“The systems
boast a range of
sensors all
designed to
maintain maxi-
mum diode life-
time and stability, and because of the safety features built into the
side-pumped YAG unit the warranty offered on replacement laser
diodes is comprehensive and not rivalled by any other Diode
pumped laser manufacturer,” he added.

The diode-pumped Nd:YAG range starts at 10W TEMoo through
to a 75W Multimode. The lasers are designed for integration into
industrial, medical and scientific machines and offer flexibility
and reliability to the OEM and end user. 

Diode pumped YAG from Laser SOS

Umicore Laser Optics launches the CO2mpact beam delivery range

When automated machines are incorporated into flexible cells
and systems they are often unattended for long periods of time,
particularly at night and during weekends. Under these circum-
stances, machine stoppages can go undetected for hours and the
productivity benefits or ‘lights-out’ operation are lost.

To address this problem Trumpf have developed TIMS – the
Trumpf Information and Messaging System, which ensures that
any machine stoppage is reported to the appropriate authority.
The message recipient can be located in-house, off-site, or at a
Trumpf service desk. The alert can be a signal to a pager, a text
message to a mobile phone, an e-mail to a PC or a fax message.
TIMS can also be used to flag-up routine maintenance needs.

TIMS software can accommodate a single Trumpf machine or
several. The machine controller evaluates machine and operation
data and relays the information to a central database on the TIMS
Server that can be mounted on the user’s existing PC. It contains
a database that records and stores all information. Incoming and
archived data is evaluated and forwarded to the user’s nominated
recipient by the agreed method.

When used in conjunction with Trumpf Teleservice or
Trumpf/Haas Telepresence, many notified faults can be swiftly
and remotely rectified via modem.

A machine fault can feasibly be fixed overnight, saving many
valuable production hours.

Service development from Trumpf
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Laser Trader have been appointed the UK agent for PRIMES
GmbH, manufacturers of laser beam diagnostic tools. One product
that has been confirmed as a success by laser
engineers is the “PocketMonitor”, a mobile,
easy to use power measuring device.  The
products cover a power range from 100 W up
to 12 kW and the power reading is displayed
on a 4-digit LCD display. When not in use it
can be neatly folded away to protect the unit
from damage. It is powered by a lithium cell
which will last for approximately 150,000
measurements before needing to be changed. 

PRIMES manufacture a complete range of
laser beam diagnostic tools for both CO2 and

Nd:YAG lasers. The range includes: beam profilers, focus, power
and polarisation monitors.

Laser Trader offers pocket beam monitor

Measurement of high energy Q-switched YAG lasers

Ophir Optronics have launched a new high damage threshold
power/energy measuring head for high use with Q-switched
lasers. 

Ophri high-energy heads claim to have the highest damage
threshold surfaces available for repetitively pulsed Q-switched
lasers in the market today. This is achieved partly through the use
of a high quality ceramic diffuser to spread out the concentrated
pulse of laser light.

The 30(150)A-HE-DIF features an aperture of 16mm and it is
suitable for measurements in the spectral range of 0.35 - 3mm
and power range of 50mW to 150W.

Air-cooled, RF excited CO2 lasers

BFi Optilas have been appointed as the UK distributor for
Universal Laser Systems Inc, a manufacturer of air-cooled, RF
excited CO2 lasers with powers from 25W to 100W.

Designed for OEM use, these lasers can be used for engraving,
cutting, "on the fly" marking and 3D prototyping applications.
Incorporating patented Free-Space Slab Technology™,
Universal’s lasers can be used in almost any orientation offering
unrivalled flexibility in addition to ease of integration and rugged
construction.

Near-field beam profilers
BFi Optilas now has available Photon Inc’s Model 980 and 1500
Near-Field Profilers. These instruments have been designed to
simplify and make accurate near field measurements of small
sources such as laser diodes, VCSELs, optical fibre and wave-
guides to the micron level.

The Model 980, with a 60:1 magnification and 1mm resolution is
specifically designed for measurement of 980 nm pump lasers
but it is also ideal for other applications in the wavelength range
from 900 nm – 1100 nm. The Model 1500 with a 40:1 magnifi-
cation and a 2.6 mm resolution is designed for use in characteris-
ing sources in the 1300 nm – 1600 nm wavelength telecommuni-
cation band.

The Model 980 and 1500 Near-Field Profilers are easy to use
turnkey systems that can be used as stand-alone instruments or
integrated into manufacturing inspection systems.

New products from BFi Optilas

PocketMonitor                              folded away Ready for use

Many automated processes and those carried out by hand 
produce hazardous particles and volatile compounds that can
give rise to serious medical conditions such as sionasal cancer
and occupational asthma. 

Purex International have launched  a portable unit to combat the
health risk of breathing in process fume: the "Fume-Cube".

The Fume-Cube is the result of customer requests for a low cost,
portable arm extraction and purification system for single users
and is used to protect personnel from hazardous particles and
fumes which are created during:

- Soldering assembly

- Gluing and chemical treatments

- Laboratory/cleanroom tasks

- Rework and repair

The Fume-Cube comes complete with a fully adjustable stain-
less steel arm and can be used in two ways. It can sit under a
workbench and connect to the arm via a simple clamp bracket
and flexible hose, or the arm can be inserted directly into the
Fume-Cube, which then sits on the workbench. Either way - if
the application moves - the Fume-Cube moves with it.

A choice of high performance filters and accessories is available
depending on the application. 

Purex launch the Fume-Cube

Portable Fume-Cube
in action.
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The MicroMesure system from STIL SA in France has recently
been introduced to the UK market by Armstrong Optical Ltd. 

The MicroMesure system was immediately evaluated as a means
of assessing the quality of the lettering of laser marked compo-
nents. Offering rapid and accurate non-contact assessment of laser
marking on virtually any material – from rubber, skin and con-
crete to metals and glass – it’s sensor can also be incorporated into
machine tools for in-line operation.

Following a successful evaluation of steel marking the
MicroMesure system has been employed investigating laser-
ablated impact zones on a variety of materials. 

“Since the MicroMesure system can profile almost any surface it
makes an ideal tool for the investigation of laser machining across
many industry sectors,” said Ian Johnstone of Armstrong Optical.

Depth profile of laser-ablated impact zones using the MicroMesure Depth profile of laser-marked parts

3D optical profiler from Armstrong is ideal for laser marked products

Scanlab AG has expanded its product range by offering the
hurrySCAN® 25: a new compact scan head with 25 mm 
aperture. A key feature of this product is an innovative temper-
ature management system based on direct air cooling of the mir-
rors and water cooling of the entrance aperture, electronics and
galvanometers. 

The temperature management system assures reliable operation
of the scanner and a low temperature drift, even when used with
high-power lasers. For such high power applications the
hurrySCAN® 25 provides high dynamic performance and neg-
ligible beam distortion. 

An additional feature of the hurrySCAN® 25 is the dustproof
housing that makes it particularly well suited for use in indus-
trial environments. A receptacle integrated at the housing’s
beam entrance offers straight-forward possibilities for mounting
fibre optic outputs, focusing lenses, etc. Attachment provisions
at the beam exit facilitate quick and simple installation of aux-
iliary components such as cross jets or illumination.

The 25 mm clear aperture provides system manufacturers and
system integrators with the ability to use widely available f-
theta objectives as well as the variable X-optic varioSCAN, for
precise focusing.

Among the typical applications at which the hurrySCAN® 25
excels are welding, and soldering, the manufacture of 
electronic components (like micro-via drilling or laser structur-
ing) and marking applications demanding the highest levels of
marking quality. 

The hurrySCAN® 25 is also well suited for use with high-power
diode lasers in applications where there are critical requirements
with respect to spot size – in the area of plastics welding, for
example.

Extensive mechanical compatibility and use of the RTC3 PC
interface board allow quick and easy integration of this scan
head into existing systems.

Compact scan head with 25 mm Aperture for high power lasers

hurrySCAN® 25:
Compact 

scan head

Members’ News
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Rofins’ DC Series CO2 Slab laser range has been extended with
the introduction of a 4.5kW version. This laser and the 4.0kW ver-
sion are aimed at the thick section welding market complement-
ing the established range. 

The introduction sees the DC series split up into 3 areas, 

1.5, 2 and 2.5kW thinner metal and non-metal cutting

3 and 3.5kW thick metal cutting 

4 and 4.5kW metal welding

Across the range these lasers have proved themselves to be pop-
ular due to their low running and maintenance costs and high up-
time. The beam quality (K>0.9 / M2=1.1 – TEM00) is rarely
achieved by competitor’s technologies and certainly not across a
range from 1.5 – 4.5kW.      

All DC series lasers use the same laser gas bottle and many mod-
ular components are used throughout the laser range. 

4.5 kW joins Rofin’s DC Slabs
As the UK & Ireland repre-
sentative for Gentec
Electro-Optics, Lambda
Photometrics Ltd are now
able to supply their new
ED-UV Joulemeters. 

The ED-UV Joulemeters
have been specially devel-
oped for UV pulse energy
measurements in applica-
tions such as micro-machin-
ing and lithography. The
new absorber that is used
will be available on the
entire family of energy detectors from the tiny ED-100AUV, the
ED-200UV, to the large ED-500UV series, that between them
cover a range of pulse energies from 0.15 to 31 Joules. 

Gentec provide an excellent selection of detectors for laser wave-
lengths from 190nm to 10.6µm with 1.5J/cm2 performance.

New UV energy meters from Lambda

JETCAM has recently released version 14 of its two flagship
products - JETCAM Expert and JETCAM Laser Expert CAD-
CAM software for punching and profiling machines. 

Developed by JETCAM since 1986 and used in 58 countries, the
latest version incorporates many new technology features togeth-
er with an intuitive new user interface.

The latest development has concentrated on major support
improvements including increased programming automation and
material utilization, and reduced machine run time. Full file com-
patibility with all previous versions has been maintained.

“Aside from the new functionality improvements, a large part of
the core code within JETCAM Expert v14 has been remodelled
to make future development a much easier task. We've taken a
more modular approach which means that we will be able to plug
in small 'applets' with minimal development time. This will
enable us to broaden the product's range into new manufacturing
areas, as well as to rapidly enhance the product for our existing
customer base,” said Ivan Stern, JETCAM CEO.

New version of JETCAM Laser Expert 

Laser Lines (Industrial & Medical) Ltd have introduced a stan-
dard CNC control system to compliment the NUTEC range of
high precision motion systems. The NUTEC CNC controller per-
mits traditional M-Code and G-Code programming per RS-274
and offers the capability to extend the systems functionality by
customising to operator interface and adding application specific
control sub-routines. The controller is built on a proven Windows
2000 platform, ensuring the CNC controller can exchange data
with Windows applications.

Capabilities include 2-D and 3-D contouring, programming in
well know ‘G-code’ CNC programming language for up to 8
axes co-ordinated motion at high speed, digital I/O’s for machine
interfacing, real time process control and monitoring via PLC
programming, multiple user definable co-ordinate systems, user
definable M code and G code functions, all the capabilities of the
world renowned Delta-Tau PMAC controller.

The CNC Control System can be integrated by NUTEC with any
of their standard or custom-designed motion platforms including
X-Y Tables, high speed gantries, XYZTheta, and multi-axis 
systems. The system architecture is configured to meet the spe-
cific application requirements, and our modular approach is suit-
ed to either single systems, or multiple in-house and IEM
machine systems.

Typical applications include laser machining, micro-machining,
robotics, custom CNC systems, pick-and-place systems with
variable tasks, dispensing equipment, metrology and inspection
machines, adaptive machining/fabricating.

CNC control system from Laser Lines 

Did you know?
News items included in this magazine are uploaded onto the
‘Showcase’ area of the AILU web site for general access during
the 3 months following release of the magazine, providing valu-
able free advertising for our members.

Also, for a small fee members can enhance their free page in the
on-line Product and Services Directory with a fully illustrated
page and can take out an advertisement in the widely-distributed
(free) hard-copy version of the Directory.

Suppliers should also consider submitting technical articles for
publication and offering to arrange presentations at AILU work-
shops, or to take an exhibition table. 

And don’t forget the annual “What’s New” free-for-all in April!
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On the desk alongside my computer at home I have a
range of things that help to make the work area
more welcoming and personalised. These include a

few old coins, mementos of my boyhood. One is a Roman
coin from around 300 AD and another is an Edward 1st sil-
ver penny from the late 1200’s. Somehow they had survived
the ages to now lie alongside an electronic machine that would
have been inconceivable to those who held and spent these coins
when they were in circulation. 

The huge contrast and contradiction between the high-tech and
ancient prompted me to consider a general theme about contrasts
and contradictions in the wider context of our own businesses.
Collectively, we spend a fair amount of our money on marketing.
We take great care with our brochures, advertisements in trade
publications, exhibition stands etc. Our theme in brochures and
printed advertising is reasonably consistent. “We’re good; you
can trust us with your business.” OK, so it’s an over simplifica-
tion bordering on condescension, but the theme of the advertising
literature will be in that general vein. We all see this as an invest-
ment to project our names into the market to win more business.

The first contradiction that I want to tell you about came to light
only a few weeks ago. I was approached by a prospect who want-
ed to know how quickly I could get on stream with his metalwork.
Speaking as a salesman, I can vouch for the fact that would-be
customers don’t usually give themselves up that easily! I won’t
name names, but the story that I was told by the prospect was
something like this:

He had been buying his metalwork from one of my (non-AILU)
competitors for some considerable time.  (This much I already
knew.)  My competitor’s lead-time had extended quite a bit, so the
prospect had put an enquiry out for one critical item to another
sheet metalworker, trying to establish a Plan B in the event that he
needed to turn on extra supplies at short notice.

So far so good; the problem started when the “other” supplier sub-
contracted the enquiry out to the existing supplier, not knowing
that this was the case. (He sub-contracted it because he hadn’t got
the necessary kit to manufacture a complete job.) The boss of the
existing supplier contacted my prospect, accused him of going
behind his back, and told him that if he wanted another supplier
for one of his parts, then he could find another supplier for all of
his parts.

Can you believe such short-sighted petulance? When any of my
competitors’ take such an approach I’m only too happy to pick the
cherries, but the contradiction, to me, was that this particular com-
petitor has quite recently moved to new premises. I’ve not seen
his sales literature, but I saw an editorial in a local newspaper sup-
porting his move. Phrases like “Our business is based on quality
and service” and “We listen to our customers’” ring pretty hollow
in the light of what transpired. There’s an old saying that most of
you will already know:  It can take 5 years to win a customer but
only 5 minutes to lose him.  

Another contradiction that we’ve experienced at R E Cooke so far
this year is that we’ve been quite busy, with a good number of new
customers too. I keep reading about economic stagnation in manu-
facturing, so I’m not sure if this activity in our own business is
against the grain, or if our industry in general is bucking the trend?
One fairly consistent factor, though, is that lead-times are getting
shorter and shorter. This puts a lot of pressure on the factory. Prices
continue to be under pressure too, so firm management is required
to maintain margins.

It was in the context of these business dynamics that we consid-
ered the adoption of a new computer system last year, to replace
our existing software. The existing system was quite old by com-
puting standards, and didn’t have any pretensions to being an
Enterprise Resource Planning system (An ERP system offers an
integrated system to effectively run the business.) We made
enquiries and looked at a lot of competitive products. They all
offered Nirvana, or so the salesmen said, and these same salesmen
reassured us that we could transform our business almost imme-
diately. OK, so I’m used to reading through a salesman’s hype,
but one or two of the systems did impress us with the production
planning and control systems – ideal for the high numbers of dif-
ferent parts being manufactured on short lead-times. And the way
that all the database functions were linked together ought to allow
us to manage the business more effectively, and manage costs.

The reality, alas, was not quite so straightforward. Early days with
the new system found us having to work twice as hard as before
just to stand still. Paperless office? We have never consumed as
much paper as we do now. After quite a few months, things are
finally starting to mesh together and the investment is starting to
show us benefits along the lines that we’d originally wanted. But
this was at the expense of 14 hour days and near nervous exhaus-
tion across the whole management team for the first few months
of operation. On many occasions during this difficult transition,
we questioned whether or not we’d done the right thing!

The contradiction here is that we bought something to help us work
smarter and ended up frazzled and, too often, winging it.  Hardly a
recipe for efficiency! But that’s behind us now, and we’re wiser for
the experience. I don’t think that we necessarily bought the wrong
system, but I think that we failed to recognise the volume of data
entry that would be required.  Also we didn’t recognise what data
we wouldn’t automatically get from the new system. 

Looking at my old coins again, I harbour a little envy for the peo-
ple, many generations ago, for whom they were usable currency.
They would never have had to trouble themselves with such mat-
ters; life was much simpler then. True, the odd loss of 25% of
your population to bubonic plague presented a challenge to those
living at that time. But we still have to bear the odd knife in the
back from time to time. Plus ça change!

Peter will be making a presentation and leading the discussion on
“Software lessons” at the Laser Job Shop 02 meeting at the Hilton
hotel, Coventry on 29 October.

More disjointed jottings

Computers & Contradictions
Peter Charnley

RE Cooke & Son (Burton) Ltd

Issue 28, September 2002
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How often has the idea “We are going to start a laser
job shop” been spoken with little thought and even
less business planning behind it? All too frequently

for over thirty years since laser processing began, but less so
now in view of the less favourable circumstances that exist. 

When you consider the state of development of lasers in the
early seventies you have to marvel at how anyone could 
conceive of the concept of using a laser to process material,
but it happened. Early uses included drilling holes in plastics
and rubber, which  was not so difficult since it didn’t require
too much in the way of CNC control or gas assist. However,
there were also more demanding applications that attracted
attention.

In the electronics sector there was the challenging technology of
resistor trimming to address. There was a barely suitable
Nd:YAG for this, but optical beam delivery was only basic and
there was little idea of gas assist requirements. The biggest
problem was that there was no suitable computer for function
control. Indeed, at that time there was only the first of the mini
computers available, the venerable PDP8. How to programme
indifferent XY tables in 0.001” steps and cut narrow kerfs in the
resistor patterns without affecting TCR or making the resistor
noisy, or trimming it to less than one per cent accuracy? Simple
things like how to probe the circuits without getting in the way
of the beam required much effort.

But this early work persisted and was successful enough that
even today there are laser job shops that do resistor trimming as
a way of life and there is even a job shop in the US that is 
operated by the second generation of the family that founded it. 

In the early seventies it was this sort of effort that formed the
base of future success of laser processing. While these low
power Nd:YAGs were being used, a major development was
taking place in the use of carbon dioxide lasers. Slow flow CO2
lasers at the 250-500 W level were being produced and this was
the real beginning of industrial laser use. Much effort over the
next few years was expended in developing optical delivery sys-
tems, controller software, drive systems and mechanical frame
design and in all truth this has been proceeding non-stop at a
pretty good pace ever since.

By the mid eighties we saw the advent of fast flow CO2 lasers
and Nd:YAGs that were flash-lamp pumped up to the 500 W
level. Multi-axis machining systems were being built, laser
welding was being seriously looked at and there was interest
being shown in heat treatment applications. All of this continu-
ous development led to the creation of a multiplicity of laser job
shops using all or part of these technologies. Most of the new
job shops ignored other technologies and even ignored finishing
parts. There was little or no development of the products that
they produced, from beginning to end.

This gave rise to the laser-based manufacturing cult and the
problems we see today. Most of the people involved were in
love with laser use and the laser business: financial implications
were far from their minds. s a result, engineers in large 
companies who had convinced management to invest were often
faced a few years later with the reality of abrupt termination.
The auto industry in this period was not attracted to lasers but
the gas turbine manufacturers saw the technology as a way to
drill holes and this application has grown ever since. However,
with the advent of fast axial flow lasers the sheet metal industry
became an attractive area and provided a growth market for
laser materials processing.

There are two main problems that owners of laser shops face:

1. Capital investment is high for laser equipment. Without a lot
of experience it is not good business practice to buy old
equipment. However, associated equipment is easy to buy
second hand and it saves precious capital.

2. Having decided to make a major investment in laser equip-
ment, is it best to lease or to buy? My advice is that initially
you should buy for both technical and business reasons in
that initially you can be sure of neither your market nor of
the spread of activities you will be involved in. Once your
market has firmed up and business has grown it is more real-
istic to lease, usually after about three years of operation.

The issue of required capital is very difficult to handle and every
case is somewhat different. I personally have never understood
why, when people with a CO2 laser cutting machine acquire a
second machine, they invariably acquire a second CO2, which
immediately restricts the market. Most people never seem to
consider Nd:YAGs which have been available above 300 W
since the early eighties. Because of the better absorption in most
materials at 1.06 µm wavelength than at 10.6 µm, these lasers
can get a lot done and not just hole drilling. In mechanical terms
it could be said that CO2 lasers are a heavy blunt tool when 
compared to a YAG which can be considered to do fine work by
comparison.

Nearly everyone who surveys the market and decides to buy a
flat sheet cutter and in many cases this is suitable because of
local market considerations. But multi-axis should be consid-
ered as it greatly expands what can be done and adds the possi-
bility of carrying out other operations such as welding or heat
treatment. Also, open frame multi-axis units can still be used to
cut flat sheet.

One of the problems in estimating the market available to a start
up company is whether to go local, regional or national in the
study. Laser processing historically tends to be parochial in
nature but the original reasons for this are no longer really valid
so the net should be cast as wide as possible to acquire the most
viable market place. The limiting factors tend to be the distribu-

Fiscal reality in laser job shop operations
Hugh Bisset

Laser Process Solutions
932 Forks Of The Credit Road   Belfountain   Ontario  L0N 1B0   Canada

T: +1 519 927 5813     F: +1 519 833 2904     E: hhbisset@aol.com
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tion of suitable industry sectors that are available, whether it be
automotive, aerospace, shipbuilding, electronics or heavy 
equipment industry. Generally, the most widespread and most
easily penetrated sector is the sheet metal industry but your
equipment must be competitive and suitable for steel, stainless
steel and aluminium. There is seldom any requirement for qual-
ification in this area and all that is required is to produce the
parts to spec. and on time.

The change in setting up a laser shop at this point in time is due
to the pronounced evolution of lasers and suitable machine tool
parts over the last twenty-five years, which has created a catch
up situation that makes equipment obsolete quickly in cost 
competitiveness and often in technical ability.

Over the last five years of so this situation has calmed down
somewhat and life has become more bearable. Maintenance of
equipment is also becoming simpler any perhaps cheaper, the
equipment is usually fully developed with much lower overhead
and lower maintenance costs and quite often you can produce a
product not just a component. This last point is crucial the via-
bility of a laser job shop. From day one, components should be
finished as far as possible, and within one year in business the
job shop should attempt to produce a finished saleable item.

If you are successful and can capture a good component to laser
process, then sooner or laser one of two things will happen:
competition will appear or the purchaser will decide that you are
making too much money and they will buy a laser! This fact,
along with high replacement cost of laser equipment, are the
main reasons why laser job shops tend to have a life of ten to
twelve years. 

To rely on laser processing only you need to be running 24/7 at
high equipment speed and thus reducing the life of your laser
equipment. for these reasons, I strongly recommend diversifica-
tion as a means to extend the life of a laser processing company.

Hugh Bisset emigrated from the UK to Canada
in 1963. In 1986 started a successful laser job
shop business which he managed until he sold
the business in 1997. Until recently has assisted
research work in laser processing at the
Canadian NRC’s Integrated Manufacturing
Technologies Institute. In 2000 he set up his 
consulting business, Laser Process Solutions.

“At 70 years old I consider I now have some
experience,” he pointed out.

In our laser job shop all employees, particular new employees,
are eye tested before starting work with the company as a bench
mark in case of later problems with disagreements over whether
their sight has been impaired by working with industrial laser's.
From 1987 to 1996 we eye-tested every employee every 6 months
with a local Doctor specialising in eye care. We had no cases of
eye damage attributable to our laser use but the Doctor did find
some employees with congenital eye problems and referred them
to their own GP's. From 1996, because we had not experienced
any problems, only Machine Operators were tested at 6 monthly
intervals, all other non-critical staff were tested every 2 years. We
have now extended the test period to 12 months for Operators and
3 years for non-critical (office staff) employees. All of our
machines use CO2 laser's, the older machines are Class 4, but
our newest machine is designated Class 1 because of machine
interlocks and enclosures.  

The eye tests take the following form:  (i) Normal type Opticians
reading card for distance vision, (ii) Colour chart to check for
colour blindness, (iii) Visual acuity check for close distance read-
ing of small print, (iv) Retinal responsivity plots using variable
pinhole patterns and a variable light intensity (v) Fundus inspec-
tion using eye drops to dilate the pupil, (vi) Measurement of inte-
rocular eye pressure (vii) (new employees) a short interview with
the Doctor to ensure that each employee can assess personal eye
damage and appropriate medical treatment.  

I therefore have 15 years of testing data and I am interested if
other members of the AILU have eye tests in place at work, what
are the legal requirements for eye testing (if any), does anybody
have suggestions for the future if all machines drop from Class 4
to Class 1?  

Neither the workplace safety legislation nor the laser safety stan-
dard BS EN60825-1 require an employer to provide eye tests for
laser users, though most employers do where Class 3B and Class 4
lasers are in use. Indeed, there is much anecdotal evidence of
employers having to accept time-consuming investigations and
high legal costs, frequently as a result of an initial rash pronounce-
ment from the ophthalmologists who first examines the suspected
laser injury victim. In the absence of prior experience of laser
injuries any retinal defect may be suspected as having a laser origin. 

What employers often overlook is that it is only lasers working in
the wavelength range 0.4 -1.4 µm that can cause damage to the
retina. For such lasers, which include visible beam (from blue to
red) lasers and those working in the near infrared (up to 1.4 µm,
which includes diode and Nd:YAG lasers), an initial inspection
can help identify laser workers with a prior injury or diseased reti-
na. A ‘high street’ eye test by a qualified ophthalmologist is gen-
erally regarded as sufficient for screening purposes. 

For laser radiation from a CO2 laser, as with all radiation outside
the 0.4 -1.4 µm range (i.e. ultraviolet, mid and far-infrared), com-
plete absorption takes place in the front part of the eye and the
retina is not at risk. Whereas the victim of a retinal burn may not
immediately be aware of the injury, since it does not evoke a
direct pain response, an injury to the cornea (the outer clear part
of the eye) is clear and unambiguous and causes acute pain. 

One final point. Class 1 systems are designed to eliminate the laser
radiation hazard. Providing these machines are correctly main-
tained, the safety features kept in place and maintenance activities
organised such that access to the laser beam is not required, the only
work to be carried out any increased risk is that of servicing; and
this is often best left to an external laser service provider.

QUESTION AND ANSWER

Eye tests for industrial laser workers?
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In most cases a customer will ask the laser job shop to supply the
material involved and include this in the cost of the job. In some
cases however, the customer will ask to be charged only for the
cutting and will free-issue the material to the job shop. On the
face of it this should not fundamentally change the job, but in fact
there are a number of benefits and disadvantages for the job shop.

First the benefits:
1. Cash flow is improved because there is no need to pay for the

material before you are paid for the job.

2. There is no question of the material being out-of-specification
because the customer supplied it. Almost all the responsibility
for the material quality now rests with the customer.

3. Customers do not usually ask for the scrap to be returned and
so the scrap value can be added to the profit.

Now the disadvantages:
1. The job shop makes no profit on the purchase and re-sale of

the material.

2. Customers sometimes have unrealistic expectations of product
yield and to not supply enough material.

3. Control of material quality is in the hands of the customer who
may supply rusty or poor quality material or material which is
thicker than expected; all of which slows the job down.

Incorrectly cut parts
The situation with incorrectly cut parts out of free issue material
is rather confused. The laser cutter and the customer may well

have conflicting statements on their printed trading conditions.
This being the case, the responsibility for paying for the incor-
rectly cut material is difficult to ascertain. In cases where the
material is relatively low cost one of two things usually happen:
(a) the customer supplies more material free of charge and the
laser cutter re-cuts it free of charge or (b) the laser cutter buys
replacement material and re-cuts it free of charge.

Where the material is of high cost this second option might be
commercially very difficult. In such cases the laser cutter must be
very wary when taking the job on. As a case in point we at Laser
Expertise took on a job several years ago cutting a few holes out
of 100 sheets of free issue titanium. The job was reasonably prof-
itable and (fortunately) everything went smoothly. When the job
was to be repeated the customer asked us to sign guarantees that
any material wastage would be at our expense. I looked at the pal-
let of material and realised that by tomorrow we would either be
a few hundred pounds better off or several tens of thousands of
pounds poorer. Reluctantly we walked away from the job and I
would advise anyone else to do the same.

In summary:
1. Make sure that your conditions of trading are available to the

customer and that they include a statement to the effect that
wasted free issue material will not be replaced by your job
shop (although you may actually replace material in many
cases to keep the customer happy).

2. Train your sales staff in the possible dangers of taking on jobs
where the material costs far outweigh the cutting value.

CO2 Laser Cutting – Notes for Job shops
an occasional series by John Powell, Laser Expertise

Pitfalls of cutting free issue material

Projectshop-UK.com is a new initiative by a group of academics
from a number of UK universities to help UK undergraduate stu-
dents find industrially-related final year projects. 

The web site at www.Projectshop-UK.com lists available projects
by engineering discipline (mechanical, electrical and electronic,
civil, materials, manufacturing engineering), but participating stu-
dents must register their details, and contact between the compa-
ny and the student will only take place by arrangement with the
student’s tutor/project co-ordinator.

As well as helping students the site could be a boon for industry,
offering companies the ability to exploit the knowledge the stu-
dents have gained up to their final year and to gain access to the
intellectual knowledge available from their universities. 

Companies will have to find projects that are viable for students
to do, which is not always an easy task. However, to participate it
is only necessary for the company to register on the Projectshop
web site.

Have you got an industrial project for a final year engineering undergraduate? 

Projectshop-UK home page
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In order to obtain higher velocities it is necessary to use a noz-
zle that has a converging section followed by a diverging sec-
tion. However, the use of the simplest of these ‘supersonic’ noz-
zles, the converging-diverging conical nozzle, will still result in
small shock formation. More sophisticated designs such as the
‘de Laval’ and ‘Minimum Length Nozzles’ (MLN’s), which
have contours that are calculated to cancel out the shock forma-
tion, are required.

Another major influence on the process is the gas jet and its 
geometrical relationship with the cutting front. All users know
that laser beam–nozzle alignment is critical for good stable
omni-directional cutting.  Proper alignment is also thought to
have an important influence on melt clean-out efficiency. This
paper examines these two aspects of gas jet interaction with the
cutting process in an attempt to find an optimum cutting
arrangement.

Basic Principles 
It is well known that the alignment condition of a cutting set-up is
critical. The beam should, in general, be located in the centre of
the nozzle in order to produce consistent processing in all 
directions. The alignment condition also has a significant effect
on the gas velocity profile within the kerf. 

A series of computational fluid dynamic calculations were carried
out on a 2 dimensional cut front in order to determine the align-
ment effects on gas velocity profile along the simulated cutting
front (in this case a vertical edge with a 2 degree slope) for both
low speed conical nozzles and a high speed convergent-divergent
nozzle operating freely at Mach 2.4 with a stagnation pressure of
8 bar and exit diameter 2mm.

Convergent Nozzle
Figure 1 presents the results of the calculations for various
degrees of front-nozzle overlap. The jet was a low speed (subson-
ic) jet emerging from a flat tipped conical nozzle, stagnation pres-
sure of nozzle 1.8bar. 

One can see in figure 1(a) that for zero overlap the flow is unin-
terrupted due to the position of the cutting front being largely out-
side the flow field. Figures 1(b) & (c) show the effects of an align-
ment change with the cutting front being moved towards the cen-
tre of the jet at 20% and 45% overlap respectively.  

At 20% a shock is seen to be emanating from the leading edge of
the cutting front. At 45% overlap the shock has grown in strength
and the flow separates from the leading edge of the cut front,
recombining some distance down stream. Similar plots at greater
degrees of overlap would show that as the overlap approaches
50% (cutting front lining up with the nozzle centre) the flow sep-
aration increases until the flow is completely detached without
any chance of re-attachment.  

Figure 2 plots the gas jet velocity vectors along the simulated
2-D cutting front for a convergent nozzle operating at 1.8 bar
and corresponding to the conditions of figure 1c. It clearly
shows the boundary layer separation and illustrates the re-cir-
culatory nature of the flow against the cutting front, an effect
that would occur even with the added complexity of a melt
film and which would severely limit the melt ejection capabil-
ities of the gas jet. The scale and the lateral extent of this
boundary layer separation increases as the overlap percentage
approaches 50%

Figure 3 presents plots of the near wall (300 µm into the flow)
jet velocity as a function of distance from the plate surface
with overlap parameters of 0%, 40% and 50%. One can see
that as the position of the cutting front penetrates into the flow
field, the effects of shock formation at the leading edge and the
boundary layer separation along the front have a significant
effect on the velocity of the gas along the cutting front. At an
overlap of 50%, the flow velocity is negative with significant
flow separation and vortex formation that would act against
the required direction of melt ejection.

It is clear from this simple analysis that the conventional
approach to laser cutting would suffer greatly from reduced
gas jet velocities as a result of the interaction of the gas jet
with the cutting front. This is especially true for thick section
cutting. It is in fact extremely difficult to produce good quali-
ty oxygen cutting of thick section steels. In general very low
gas jet pressures are employed (<1 bar pressure), although
these low pressures are implemented largely to minimise side
burning and uncontrolled combustion.Figure 2. Velocity Vectors of 2mm exit diameter conventional flat tipped

convergent nozzle discharging over simulated cutting front with a 45%
alignment condition. Operating pressure 1.8bar – subsonic

Figure 3. Gas jet velocity along the simulated 2d cutting front, 300
microns from cut front. Convergent nozzle operating at 1.8 bar. Overlap
percentage as a parameter.
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Convergent-Divergent Nozzle
Figure 4 presents the results of the calculations with a cut front-
nozzle overlap of 0%. The jet is seen to exhibit oblique shock
structure, which is typical of a high speed nozzle that has internal
surface irregularities. The effects of the cutting front being moved
into the flow field are similar to the low speed case, as can be seen
in figure 5 i.e. flow separation occurs at some distance down the
cut front and the separation point moves towards the surface of
the plate as the overlap percentage increases.  

Conclusions
It would be impractical to use a high speed nozzle in the normal
laser cutting configuration as the increased jet velocities obtained
with a free jet are lost due to shock formation at the leading edge
and flow separation at some point along the cut front. This is
observed empirically and is the reason why high speed nozzles
are not employed in laser cutting.

In order to produce a gas jet that provides the maximum shear
force to the molten cutting front, it is necessary to employ a near
zero overlap percentage.

Work is in hand at Liverpool Manufacturing & Engineering
Research Centre to develop new applications strategies for high
speed gas jets.
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Figure 4. Mach number contours of 2mm exit diameter convergent-
divergent nozzle discharging over simulated cutting front with a 0% align-
ment condition (overlap of cutting front position from leading edge of the
nozzle as a percentage of nozzle diameter). Operating pressure 8bar –
supersonic. Figure 5. Gas jet velocity along the simulated 2d cutting front, 300

microns from cut front. Convergent-divergent nozzle operating at 8 bar.
Overlap percentage as a parameter..

We have just have a CO2 laser coder installed on our production
line. The supplier has arranged for fully interlocked guarding to
be fitted and has certified the installation as Class 1. Some train-
ing has been provided to the operators, including a half day
explaining the laser hazards. Do we need additional laser safety
training to appoint a laser safety officer?

The guidance document on the safe industrial use of lasers in the
UK is the standard BS EN 60825-1. It recommends that ‘for
installations where Class 3B or 4 lasers are operated, a Laser
Safety Officer (LSO) should be appointed’. This person may or
may not be the site Safety Officer and often is someone who has
specialised knowledge to assist in this task.

Whilst the recommendation of the guidance document does not
make the appointment of a LSO a legal requirement, the
Management of Health and Safety at Work Regulations require
employers to actively address safety matters, including laser safe-
ty. As with all safety issues it is necessary for whoever undertakes
the task to have sufficient training and experience or knowledge. 

The user will have to gauge the need for additional training based
on their individual circumstances.

In the majority of cases, laser marking equipment is installed as a
complete package and as a Class 1 laser product, but the laser that
does the marking will be Class 3B or 4. Maintenance procedures
generally do not require access to the laser beam but it is important
to consider the situation during on-site servicing, since in service
mode the laser may be operated with safety covers removed.

The Provision and Use of Work Regulations require that risks cre-
ated by the use of equipment, including servicing activities, be
eliminated where possible or adequately controlled. Significant
help can be obtained from the service provider who can be asked
to provide a risk assessment and the work methods that will be
adopted during service intervention. alternatively, specialist third
party advice can be sought to verify the proposed precautions in
order to reduce the level of detailed knowledge that the LSO
needs to have.

Mike Barrett Pro Laser

QUESTION AND ANSWER

Do I need a laser safety officer? ?
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A highly focused peak power density1 is necessary in order to
machine the steep cut walls. The process can be considered as
one in which the surface angle increases until the projected area
of the focal spot becomes so large that the peak power density
falls below the threshold for machining. Focusing a TEMoo
beam with low F-number optics provides the smallest focal
spot and highest energy density but, as the cut progresses,
vignetting of the beam at the cut opening prevents much of the
radiation from reaching the focal plane. Under these circum-
stances, there is an increased risk of damage through transmis-
sion at the sides of the cut opening, and cutting performance
towards the bottom of the cut is impaired.  A compromise is
therefore necessary between beam angle and cut angle. A tech-
nique of rocking the beam or tilting the stone can be used to
keep the beam centred on the cut opening to maximise the
transmitted power. It also reduces the angle of incidence
between the beam and the sloping wall, allowing steeper walls
to be machined. Mathematical modelling of the transmission of
a Gaussian beam through a slit aperture, during sawing, has
been used successfully to maximise the material removal rate
throughout the process.

Reflections off the sloping walls spoil cut quality, particularly
towards the bottom of the cut. Reflections off one wall approach
the opposite wall with a smaller angle of incidence and are there-
by more likely to damage that surface. For this reason it is advan-
tageous to reduce the peak power density1 of the laser so that the
beam only machines in a narrow region around the focal plane.
The reflectivity is lower for a perpendicularly polarised beam so
this is the preferred option.  Lower peak power1 means that more
heat is generated and the surfaces are more heavily graphitised,
with presumably higher absorption. 

The topography of the upper surface can have adverse effects on
the surface finish. The highest regions may be in focus but the
beam diameter is larger where lower parts are defocused.
Troughs will be initiated at low points and ridges form from high
points – particularly if the beam is very close to focus or overfo-
cused. Changing the convergence angle of the laser beam (i.e. the
F-number) makes no difference to the magnitude of this effect. If
the laser sawing program propagates as fast as the laser can
remove material then these features will continue to the bottom of
the stone.  This can be prevented by deliberately defocusing the
laser and programming a slightly slower cut propagation rate.  A
linear propagation front will develop and be maintained under
these conditions, resulting in much smoother surfaces.

Stones may be sawn individually or in rows on a cassette.
Stones to be individually laser sawn are cemented to cylindri-
cal holders or “dops” which may be mounted in goniometers
for individual alignment. Cut width and depth need to be mea-
sured for each stone; normally the minimum dimension is cho-
sen for the depth to minimise weight loss. Off-machine setting
and measurement to maximise efficiency has been employed
with great success using multiple dop holders.  Data stored for
each stone includes width, depth, offsets from the dop axis, dop
position offsets in the multiple cassette and multiple cassette
offsets for each laser sawing machine.  Stones are blackened
prior to sawing to promote absorption and increase the radiative
heat loss.  Kinematic mounts may be used to accurately locate
cassettes in the machine.

The huge number of experimental variables and the interrela-
tion of many laser parameters make it difficult to optimise con-
ditions without doing a great number of experiments. There is
little doubt that the cutting process is most efficient at high tra-
verse rates, which produce shallow troughs.  However, there
may be a greater risk of damage when a large inter-pulse spac-
ing is used. At high traverse speeds the turnaround time of the
traversing carriage becomes significant when sawing individual
stones. The vibrations caused by traverse direction changes and
refocusing steps can cause ripples on the sawn surfaces.  Servo
stability is essential, particularly on the axis perpendicular to
the traverse direction.

Once a reasonable set of operating parameters has been found
it is often possible to find conditions of higher average power,
at say a higher lamp current or Q-switch frequency, and alter
the traverse rate and refocusing step accordingly.  With stones
of millimetre dimensions, power limitations are dictated by
thermal management i.e. conducting the excess heat away from
the stone.   The maximum stone size or cut depth is limited by
the back working distance of the lens, which could be as large
as 30mm.

The attractive appearance of many rough stones is spoilt during
laser sawing, by graphite deposits on the sawn surfaces. The
graphite can be removed by boiling the diamond in acid or
heating in potassium nitrate. Initially there was a misconcep-
tion that, due to the structure of the underlying material, laser
sawn surfaces were more difficult to polish than traditionally
sawn. The sawn surfaces were simply harder to polish because
of their crystallographic orientation. Diamond polishing wheels
or “scaives” have been developed which use bonded grit,
allowing “harder” crystallographic orientations to be polished
more rapidly.

Laser sawing has been supplementing abrasive sawing for
many years in the processing of high-pressure, high-tempera-
ture synthetic diamond, in the manufacture of industrial prod-
ucts such as heat sinks and cutting tools. With polycrystalline
CVD synthetic diamond, the laser saw is the only option.   In
gem diamond cutting, laser sawing has not yet replaced abra-
sive sawing because of the higher weight loss and processing
cost. Many in the industry are experimenting with shorter
wavelength lasers with the aim of reducing the focal spot size
and beam convergence angle. At least one research group is
using ultra-short pulse lasers to minimise heat dissipation in the
quest to achieve parallel-sided cut walls.  However, nearly all
diamond cutting factories world-wide have at least one laser
(some have as many as thirty) for ‘problem stones’ and shaping.
It is certainly true to say that lasers have revolutionised the gem
diamond cutting industry. 

Mike Gaukroger has worked as a scientist
for the Diamond Trading Company since
1980. Between 1982 and 1988 he devel-
oped a laser sawing process and has sub-
sequently played a major role in the
design, installation and development of
laser sawing systems for use within the
organisation. He is currently involved in
the development of diamond sorting
equipment.1. Peak power = pulse energy ÷ pulse duration. 

Power (energy) density = Power (energy) ÷ beam cross sectional area.
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Microjet® combines the advantages of laser material
processing with water-jet technology, yielding a rad-
ical new process for industrial applications. By

bundling and guiding a pulsed Nd:YAG laser beam in a lami-
nar water jet with a diameter of only 50 µm, Microjet® can cut,
drill, ablate and surface structure metals, ceramics, plastics,
composites and semiconductor materials with an outstanding
degree of quality and over a working distance of up to 100 mm.
These unique features make Microjet® suitable for many
applications in the field of micro processing that are not suited
to conventional laser processing due to limitations imposed by
the need to focus the beam onto the workpiece. Moreover, the
thermal influence of Microjet® is quite negligible and the
process yields precise cut edges. Applications in the fields of
microelectronics and surface treatment, the watch-making
industry, aerospace and automotive industries are particularly
suited to this new technology.

The capability of laminar water jets to guide light was exploited as
early as the European Renaissance in water-fountain shows where
the light was coordinated with music. In literature, one can find
research work on a light-guiding water jet by Prof. Colladon of the
University of Geneva in 1886. Over a century later, in 1993, at the
Swiss Federal Institute of Technology in Lausanne, the principle
was further developed into a refined, material treatment method
using a laser beam and named by it's inventor, "Laser Microjet" or
more simple “Microjet”. A laser beam is guided onto the work
piece inside a water jet by the total internal reflection at the inter-
face between water and air, in a manner similar to the way light is
guided in a conventional glass fibre. The water jet can thus be
referred to as a variable-length fluid optical wave-guide.

Comparison of processes
Figures 1 and 2 illustrate some of the unique features of the
Microjet®. The laser is typically a pulsed Nd:YAG, average power
100 - 500 W, which ablates the material. The water jet guides the
beam, cools the processed material, ejects surplus material and
provides a precise parallel kerf even in thicker materials.

As a result of the long working distance of Microjet®, and distinct
from either laser or water jet cutting alone, sandwich structures
with cavity layers can be processed up to a depth of about 50 mm
and cuts can be made where access is impaired. The investment
costs for the Microjet® are comparable to those for conventional
cutting systems and the operating costs are in general lower.

Precision cutting of sensitive, thin (less than 3 mm thick) materi-
al with negligible thermal influence is the most frequent
Microjet® application. Cuts have highly parallel edges, smooth
(‘sand blasted’ texture) sides and kerf widths as small as 50 µm.
Also, the force on the workpiece by the Microjet® is tiny (e.g.
less than 80 mN at 100 bar water pressure and 0.1 mm jet diame-
ter) compared to the much larger forces imposed by water jet or
assist gas used with laser cutting alone, thus also allowing prob-
lem-free processing of very fine work pieces.

Safety considerations are the same as for Nd:YAG lasers with
regard to the laser radiation hazard, but fume hazards are greatly
much less than for laser processing (since most fume is  absorbed
in the water) and the water jet itself is not dangerous.

Applications
The main application areas are cutting, drilling, engraving and
surface structuring. All metals (excluding highly reflective met-
als) can be machined with the Microjet®, as can various plastics,
ceramics and semiconductor materials, providing they are absorb-
ing at 1.064 µm.

Fig 1: (left) Conventional laser cutting, the work piece must be placed pre-
cisely in the focus and the heat influx into the work piece is considerable.
(right)  Laser Microjet, a pulsed-laser is focused into a water jet nozzle ,
providing the same focus diameter over a greatly extended working dis-
tance and rapid cooling of the cutting kerf.

Figure 2. The water jet
acts as a cooling ele-
ment for the material
between laser pulses
precisely where it is
most effective, in the
cutting kerf.
Furthermore, waste
material is removed
from the kerf and is
cooled simultaneously.
The cooling of the
ablated products is
paramount in the pre-
vention of molten
material adhering to
substrates.

Industrial applications of the water-jet guided laser
Bernold Richerzhagen

Synova SA
Parc scientifique/EPFL 1015 Lausanne   Switzerland

T: +41 (0)21 693 83 71   F: +41 (0)21 693 83 70   E: richerzhagen@synova.ch
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Cutting of Silicon Wafers
The cutting of Silicon wafers is an indispensable process in
microchip production. The established process is to use high speed
diamond blade saws. The limits of these saws appears to have
been reached and alternative solutions are required to provide
higher speed, better cut consistency (with no chipping) and a capa-
bility to process smaller chips on thinner wafers and with more
elaborate designs (eg in the case of Multi Project Wafers (MPW),
several designs from different customers and/or projects are com-
bined onto one wafer and this involves a number of ‘T-Cuts’). 

Figure 3 illustrates the performance of Microjet® laser cutting.
The Microjet® already fulfils the high demands that will be
placed in future on the dicing machines and the technology has an
enormous development potential, particularly in the miniaturisa-
tion of the water jets below 50 µm and the utilisation of new laser
sources. 

The chips are held in place during the separation process by the
application of LaserTape® to the wafer. This special tape is not
cut by the laser and allows the water jet to pass through. 

Another major application in this area is the production of power
semiconductor devices (including thyristors and diodes used as
rectifiers and switches in electrical power transmission). The ele-
ments of these devices are cut out of silicon wafers: typically cir-
cles of diameter 5 mm to 70 mm and thickness 200 µm to
1500 µm. 

Such devices are currently cut out with conventional lasers, but
the cut quality is poor (burrs, cracks) due to heating, and deposits
of ablated material remain on the wafer surface, which is also the
reason why conventional lasers are not used for the dicing of
wafers described above. To prevent these hot deposits from
adhering to the substrate, a protective coating is applied before-
hand, requiring chemical removal thereafter. 

With the Microjet®, efficient cooling of the cutting kerf prevents
burrs and cracks from forming and a protective coating is not
required, see Figure 4. In addition, a higher cutting speeds can be
achieved with a very small kerf.

Cutting air gaps in ferrite cores
Ferrite cores are used in many compact, radio frequency compo-
nents, including cellular phones, digital subscriber lines (high
speed modems) etc. The requirements for the air gap in the core
are extremely high, particularly when it comes to parallelism of
the cutting edges and the heat affected zone. If the heat affected
zone is too large it adversely affects the attainable performance of
the radio parts. The conicity of the cutting kerf increases the elec-
trical dispersion field, which influences the tolerance data of the
component specification.

Other techniques used for producing air gaps, including use of
diamond saws and the breaking and re-bonding of cores, suffer
from poor reproducibility, cause overheating of the core and are
slow. As illustrated in Figure 5, the Microjet® surpasses both
techniques in terms of speed and precision. The increased speed
translates into increased productivity, whilst the precision of ±3%
contrasts with ±20% for ferrite cores cut by conventional means.
The Microjet® also allows further miniaturisation of the size of
the components.

Precision holes and slots
In certain cases, the Microjet® can replace the EDM machine, for
example making precise holes or slits in conductive material.
EDM machines are slow and costs are high because a new erod-
ing electrode has to be made for every workpiece. In Figure 6 and
7 the Microjet® produced the parts in a quarter to one-fifth of the
time required for EDM. 

Figure 3. Microjet® laser cutting of silicon wafers. (left) Illustration of a T-
cut, where the use of a short pulse laser provides a burr-free, clean cut
with an average kerf width of 40 to 50 µm and no chipping. (right) Edge
quality on a 200 µm thick wafer.

Figure 4. A round silicon chip cut
by laser Microjet.

Figure 5. A ferrite core with air gap
cut by the Laser Microjet. More than
50 standard 1.2mm thick cores can
be cut per minute , each requiring a
3mm long cut. The core shown in
the pictures was cut in only 3 sec-
onds.

Figure 6. Slits made in vacuum
grips for lifting and handling of sen-
sitive parts. The slits are used to
control and model air flows.

Figure 7. Holes (0.9 mm) in the side
of a pipe, drilled with the laser
Microjet.

Figure 8. The Laser-Microjet® can
cut between 60 and 100 apertures
per minute in a standard 150 micron
thick stainless steel stencil.
Excellent quality is not achieved at
the expense of speed.
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Other example where the Microjet® is now finding application
include the manufacture of solder mask stencils, typically stain-
less steel or polyimide foils 50 to 200 µm thick, which are used to
apply solder paste onto printed circuit boards. A large number of
small square or round apertures have to be drilled at slight angles
to allow the paste to detach from the mask. Precision, quality and
speed are critical. 

Using a short pulse laser, a burr-free, clean cut can be achieved
but the water jet avoids any thermal damage and eliminates oxi-
dation. An example of a hole in such a stencil is shown in Figure
8. The backside of the mask is left completely burr free, requiring
no post-treatment. In comparison with the conventional laser, the
difference is at the very least, quite remarkable.

Conclusion
The water jet guided laser has established itself for precision
processing of sensitive materials. Thanks to it’s cold cutting,
the high edge parallelism and processing speed; the Microjet®
is finding an increasing number of applications, replacing less
precise and slower processes. The three principal qualities of
the Microjet® are clearly illustrated in the application exam-
ples. In general, a combination of all three qualities leads to
the replacement of existing less efficient technologies, but
sometimes either the coldness of the cut, the processing speed,
or the parallelism of the cut edges becomes the dominant
advantage.

The many advantages offered by this new process can also be
exploited in a clean room environment. Synova Inc., together
with it’s partners in Switzerland and Germany, have developed a
compact, clean room capable version of the Microjet® for dicing
of Silicon wafers. This version has a standardised cassette-han-
dling module that provides cleaning and handling of the wafer.

Until now, the Microjet® Systems have been operated with
pulsed Nd:YAG lasers over a range of powers and pulse lengths
and with cw Nd:YAG. Other wavelengths can be used including
frequency doubled Nd:YAG. A key advantage of the green laser
beam is its extremely low absorption in water and increased
absorption  (compared to infra-red light) in the processing of cop-
per, gold, polyimide; all materials widely used in the field of
microelectronics.

Bernold Richerzhagen received his MSc
in mechanics from the Technical
University of Aachen, Germany, and his
PhD in micro-technology from the Swiss
Institute of Technology, Lausanne,
Switzerland. He invented the water jet
guided laser in 1994 and has received
several awards for this work. In 1997 he
founded SYNOVA SA, Lausanne,  manu-
facturing high precision laser machines.

We are a laser system manufacturer and have two power sup-
ply/control unit that we want to connect. One of them has an
emergency stop which we want to use turn off both units when
pressed. The only problem is that the emergency stop is wired in
series with the mains.

Is it possible for us to power the second power supply/control unit
from the first using a cable between the two? The cable will carry
the mains supply from the first unit to the second, so that the emer-
gency stop will cut the power to both units.

The relevant international standards are either:

a) IEC 60204-1 Safety of machinery  Electrical equipment of
machines  general requirements;

b) IEC60950  Safety of information technology equipment;

or

c) IEC 61010-1  Safety requirements for electrical equipment for
measurement, control and laboratory use: general requirements;

together with ISO 13850 (EN418), which gives the Principles of
Design for Emergency Stop equipment.

Most equipment can be assumed to fall into one of these standards
and there is a wide diversity of interpretation since the scope of
each may not exactly cover the application being considered. The
standards should be considered as indicators of good practice.

Without reviewing the total configuration or requirement, there is
definite benefit in having a single a.c. power source. If the a.c.
power disconnection device is also the E-Stop then compliance
with the requirements of 60204-1 removes any potential problems. 

In my view it is generally unacceptable to use machine tool type E-
Stops (the mushroom headed push button) directly connected to the
incoming a.c. mains. It is certainly unacceptable on anything but the
simplest of machines. The switch would rarely have sufficient rat-
ing (either operating current or fault current capacity) to be a suit-
able component. There is also an expectation that this sort of device
would normally be connected to some lower control voltage.

IEC60204-1 has the following relevant Clauses: 9.1.1 (requires
transformers to be used for the supply of control circuits.), 5.1 (rec-
ommends that, where practicable, the electrical equipment should
be connected to a single power supply and that the supply conduc-
tors are terminated at the supply disconnecting device),  5.3.2, 5.3.3
and 5.3.4 (give the requirements for the disconnecting device if it is
to be used as the Emergency Stop and requires prevention of unex-
pected start-up), 9.2.5.4.2 and 9.2.5.4.3 (requirements for an
Emergency stop device i.e. override all other functions and opera-
tion, remove power from devices causing hazardous conditions, not
initiate a restart when reset and be accessible to the user).

IEC60950 has the following relevant Clauses: 2.8 ( requirements
for safety interlocks), 3.2 (requirements for connection the a.c.
mains supply, 3.4.6 (requirements for the isolating device), 3.4.8
(requirements for switches when used as the disconnection
device), 3.4.11 (requirements when using multiple power sources).

In IEC61010-1, 6.12 (requirements for disconnection from the
supply source) and Clause 15 (requirements for protective inter-
locks) are the relevant clauses.

Mike Barrett Pro Laser

QUESTION AND ANSWER 

E-stop requirements?
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Recent advances in high power diode lasers concerning
diode lifetime, power and beam quality have lead to
several new applications and improved prospects for

diode laser systems to replace non-laser and conventional
laser-based joining and hardening techniques in certain 
applications.

In addition to the general advantages of using lasers over conven-
tional welding methods, advantages including high flexibility,
simple automation and non-contact processing, diode lasers offer
further benefits over other lasers sources. They allow consider-
able reduction in investment and running costs, consume very lit-
tle space and exhibit a very high up-time. 

High beam energies and good beam quality have only recently
been achieved in diode lasers, providing intensities of up to 
106 Wcm-2. In the range 104 to 106 Wcm-2 high power diode
lasers have been used for new welding applications including
plastic welding, keyhole welding of metals, heat conduction
welding and surface hardening of metals.

Direct and fibre coupled diode lasers
The direct diode laser shows a rectangular beam spot. The spot
size of the Laserline LDL-160 at 3000W is 2.1 x 0.3mm (50%
diameter) using an 100mm focal length focusing lens. Its geome-
try is approximately gaussian in the ‘fast-axis’ direction. For most

applications, especially in surface treatment, a rectangular beam
spot presents no disadvantage but allows a high flexibility in focal
spot geometry as shown in Fig.1.

Using cylindrical and spherical lenses, the rectangular beam pro-
file may be stretched by different amounts in the fast and slow-
axis directions individually, e.g. an enlarged spot of 0.8 x 2.0mm
for welding or, in the case of a blade hardening, a spot of 3 x
40mm for maximum laser beam intensity over the entire blade
width. Adapting the focal spot geometry to the specific task
allows higher processing efficiency.

Due to recent improvements in diode laser beam quality and by
achieving an almost circular spot at low and average powers, it is
now possible to couple up to 1000W in 600µm fibres with a numer-
ical aperture of 0.2. This requires a beam quality of at least
60mm.mrad (equivalent to M2 = 185 at 850 nm), a figure that has
only recently been attained in industrial diode lasers, making pos-
sible new applications that combine the advantages of this compact
rugged high power laser source with a flexibility of fibre optic cou-
pling and the delivery of a circular and homogeneous spot. 

The efficiency for fibre coupled diode lasers is approximately 15
to 25% lower than for a direct diode laser at the same power, and
investment costs are 30 to  60% higher. However, use of pre-
adjusted fibres greatly simplify beam delivery and overcomes the
crash-risk (programming errors) of robot-mounted diode lasers.  

Compared to other laser types, diode lasers not only have the
advantage of reduced consumption of energy, water and space but
also need less maintenance at reduced down times. Today,  diode
lifetimes of more than 10,000 hours or more than 106 pulses are
being achieved.

In detail, lifetime depends mainly on the power drawn from the
diodes. Higher power achieved by higher diode current results in
shorter lifetime, which is reduced in a non-linear relationship.
Another important factor influencing diode lifetime is the mode in
which the laser is running. Continuous wave mode yields higher
diode lifetimes than pulsed mode. Non-optimum running modes
or too high a power lead to degradation of the diode devices and
may cause sudden failure. A number of different techniques are
employed to limit output power and control diode mode where
possible in order to minimise down times. for example, where a
minimum down time is critical the laser should not be run at max-
imum power at all times. In certain cases, where 3-shift produc-
tion depends on down-times of less than one day, a redundant
diode laser stack can be integrated into the laser head, can replace
one that has failed. Intelligent electronics sense failure and acti-

New welding possibilities with high power diode lasers
Chris Ullmann and Andre Eltze

Laserline GmbH
Maria Trost 23   Koblenz   Germany

and

Andy Mead
Laser Lines (Industrial & Medical) Ltd

Beaumont Close   Banbury   Oxon   OX16 7TH   UK
T: +44 1295 672500   F: +44 1295 672550   E: andym@laserlines-im.co.uk

Fig. 1  Flexibility in focal spot geometry for direct diode laser, here the
LDL-160 at 3000W
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vate the redundant stack with minimum delay.

Techniques for welding
Welding techniques differ very much in available intensities.
They are compared in Fig.2. Conventional welding techniques,
such as gas fusion cutting, arc welding, resistance welding and
MIG/TIG welding achieve intensities up to 5x104 Wcm-2. Only
plasma welding reaches 105 Wcm-2. Laser- and electron beam
welding on the other hand attain intensities up to 109 Wcm-2 at
considerably higher investment and running costs.

As Fig 2 shows, diode lasers attaining intensities up to 106 Wcm-

2 open a new range of intensities from 105 to 106 Wcm-2 at lower
investment and running costs compared to other laser sources.
This makes them appropriate sources for welding of metal sheets
up to 1.5mm thick and for materials with a lower melting point,
like plastics. The appropriate welding technique will, in any case,
be chosen according to the material, its thickness and accessibili-
ty depending on costs, seam strength and quality required.  

Fig 3 shows the use of a diode laser replacing conventional arc
welding. In this case the kitchen sink has been welded with a
800W diode laser at 0.4m/min using a focal spot of 2 x 1mm and
argon shroud gas.The diode laser achieves a very smooth surface
and the weld requires no further treatment. 

Comparison with solid state laser applications
The higher intensities achieved with solid-state lasers permits
their use for key-hole and aluminium welding, precision cutting
and marking, applications that are to some degree in a state of
research for diode lasers. This is summarised in the table below.

At present diode lasers are competing with solid state lasers for
applications such as welding of foils, heat conduction welding,
soldering and brazing, surface treatment of metals as well as cut-
ting  and welding of plastics. Diode lasers have shown advantages
for aesthetic and mask welding, and the option of a line focus
helps in cases where a tight tolerance cannot be maintained
between parts to be joined.

Fig. 4 provides a comparison of Nd:YAG and High Power Diode
Laser LDL 160-3000 welding of Stainless Steel. Power densities
will generally be lower for direct diode lasers than for solid state
lasers; for example, the diode laser spot size for powers above 
1 kW is at least 0.6 x 0.8mm compared to a 0.3 mm spot diame-
ter for a focused solid state laser. Nevertheless, diode lasers

achieve deeper weld seams at lower intensities as Fig.4 shows.

At 2m/min the seam from the diode laser with 3x105 Wcm-2 weld-
ing is 2.5mm deep, whereas a solid state laser with 
1x106 Wcm-2 reaches to less than 2mm deep only. This can be
explained by the difference in wavelength leading to higher
absorption of the diode laser beam. Another advantage of a larger
rectangular spot is that it can bridge larger gaps, thus reducing the
cost of workpiece alignment. In the substitution of CW-Nd:YAG
lasers for welding electromechanical components, diode lasers

Overlap of diode laser and solid state industrial laser applications

Fig 2. Comparison of power intensities  required for various welding techniques Fig.3   Robot and diode laser for welding of kitchen sinks
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Solid state laser applications

Diode laser applications

Aesthetic welding Microwelding of foils Keyhole welding

Mask welding Heat conduction welding Precision cutting

Line focus spot welding Cladding/Alloying Welding without distortion

Cutting of Plastic/metal Marking

Soldering/ Brazing Aluminium welding

Plastic welding

Hardening

Fig.5  (left) Cross-section of the diode laser seam weld in X5CrNi18-9.
The weld, with a depth of 0.6mm and a width of 0.5mm was made with a
fibre coupled (600µm fibre. NA = 0.2) diode laser at 500W, welding
speed 1.1m/min.
(right) Core of an electromagnets welded using a direct diode laser at
500W and a focal spot of 0.9 x 1mm, substituting conventional pulsed
Nd:YAG lasers.
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yield comparable results. An example of this is given in Fig. 5. In
this application the use of a diode laser makes it possible to
achieve better welding seams and shorter cycle times.

Plastic welding
Welding of plastics requires relatively low power densities, easi-
ly achieved by diode lasers in either direct or fibre coupled con-
figurations. Quasi-simultaneous welding of the entire joining area
using fast beam scanners eliminates several disadvantages of
ultrasonic welding and offers a new flexibility in plastic welding.
Results depend strongly on careful selection of materials, espe-
cially with regard to their optical properties. In most cases an
overlapping geometry is chosen in which the first layer of mater-
ial is transparent to the laser wavelength employed. Thus, the
laser beam passes through  the first layer and is absorbed in the
second material causing heating of the interface. The transparent
layer is heated through heat conduction causing it to melt. Due to
the limited heat conduction both materials are welded together in
a well defined region resulting in excellent quality weld seams.

Ultrasound and vibration welding, possible alternatives, cannot
be employed when sensitive electronic or micro-mechanical com-
ponents are too close to the weld seam. Therefore, diode lasers are
used to seal housings for these components. All of the above-
mentioned welding techniques are suitable but beam scanners are
used in most cases since the welded geometries are rather small.
Using a galvo scan head and diode lasers with 100 to 200W, weld-
ing speeds may reach 60m/min. Options for diode laser welding
of plastics are shown in Fig. 6.

Scanner
A beam scanner allows highest flexi-
bility in joining geometry. The work
piece is heated almost simultaneously
in several iterations which reduces
strains, but the size of the work piece is
limited unless the scanner is combined
with a linear axis displacing either
work piece or laser and scanner. 

Contour welding
Contour welding has the lowest com-
plexity and investment costs. It offers
high flexibility in welding geometry
depending on the number of axes
employed. Because of its small size the
laser (and/or workpiece) may be dis-
placed to follow the necessary con-

tours. The local heating of the workpiece can, however, lead to
permanent internal strains. 

Mask welding
The laser beam is moved linearly over a prefabricated mask,
thereby coping with any joining geometry for workpieces of lim-
ited size. Low beam quality is no disadvantage. 

Simultaneous welding
Simultaneous welding is possible by using several beam sources,
This method requires high investment costs and offers lowest
flexibility, but it allows rapid processing where internal strains
have to be avoided. An successful example is shown in Fig.7,
where ultrasonic welding has been replaced by diode laser weld-
ing in the construction of  polyamide tanks 

Conclusion
Direct and/or fibre-coupled diode lasers can
successfully replace solid state lasers and non-
laser techniques for improved metal and plastic
welding in many applications. Diode lasers
achieve comparable results but require lower
investment and running costs. At the same time,
laser down-times are considerably reduced and
their compact size allows flexibility in setup and
easy integration into production lines and onto
robot-guided systems.

Fig. 4  Welding with Nd:YAG (HL) and diode laser (LDL). Influence of penetration depth on possible feed rate.

Fig.7 Substitution of ultrason-
ic welding by diode laser. The
hydraulic tank has been
welded with a diode laser
system using contour weld-
ing at 100W and results in
welding seams with excellent
quality that do not require
any further treatment.

Fig.6 Diode laser welding methods for plastic
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ACAD visualisation tool to represent a surface
machined by an excimer laser has been developed to
assist users develop part programs to achieve desired

machined surface structures with minimum recourse to
expensive laser machining and time-consuming trials and
errors. The simulator automates part programming and
assists users develop novel microstructures. Users can define,
step and repeat linear and circular paths and mask shape and
then view the 3D machined surface. In this way, the user can
investigate paths and other parameters for developing novel
microstructures for texturing or patterning. 

During processing with the Exitech Limited Series 8000 micro-
machining system the laser beam is projected through a mask and
onto the workpiece surface. The projected outline of the mask on
the workpiece surface is optically reduced and the workpiece sur-
face material is ablated within the projected outline of the mask.
The beam is homogenised to give a uniform ablation rate with
each laser pulse, the ablation rate being determined by the energy
density of the laser at the workpiece surface and the material prop-
erties of the workpiece.

In practice, the laser beam remains fixed while the workpiece
is translated in the X and Y directions. The mask can also be
translated and rotated and where the projected mask outline
overlaps that of the previous laser pulse, then the overlapped
area will be cut deeper into the workpiece, as described in pre-
vious research [1,2].

Model of the Laser Ablation Process
Each laser pulse ablates a relatively uniform thickness of materi-
al from the surface of the workpiece within the projected mask
outline, so the laser ablation model assumes uniform ablation and
an equal thickness of material removed with each pulse. It also
assumes that the laser-machined edges are vertical, though in fact
the cut edge will slope at approximately 7o because of reflection
and refraction of the laser beam by the workpiece material, an
effect that will vary with cut depth when repeated cuts are made
in the one position. 

Simulation
A CAD solid modelling package, SolidWorks®, was used to sim-
ulate laser micromachining. The software was equipped with a
parametric feature [3] to enable users to create special purpose
applications. It was programmed to represent removal of a uni-
form thickness from the workpiece surface and to simulate the
effect of overlapping cuts.

The modelling process begins by creating a 2D sketch of a mask
outline, which is the area to be ablated from the workpiece by
the laser. Different masks can be created, stored and retrieved,
and the mask orientation can also be varied when defining a
machining path.

The next step is to define the laser path. Paths can be defined for
linear (one and two axes), circular and set coordinates. An exam-
ple of a ‘V’ shape micromachined structure on a workpiece is
shown in Figure 1. The parameters to define this path are the ‘V’
point position on the workpiece and the angle from the workpiece
base of the lines to each side.

Results
Micromachined Tapered Nozzles
Various micromachining trials were undertaken to investigate pat-
terns produced by different cutting strategies [4]. A simulation
was developed for the spiral staircase example produced in these
trials. Figure 2 shows a spiral staircase structure, which can rep-
resent an ink-jet or droplet spray nozzle. The laser was pulsed
with the mask held at set angular increments and the workpiece
stationary. When the pulses were increased with each angular
increment a circular staircase is machined. In this example, the
pulses were kept constant at each angular position. The mask used

Simulation of Excimer Laser Micromachined Surfaces
Richard Hume, Pio Iovenitti and Erol Harvey

Swinburne University of Technology
Industrial Research Institute Swinburne    John Street    Hawthorn 3122    Australia

T: +61 3 9214 8262 F: +61 3 9214 5050 E: piovenitti@swin.edu.au

Figure 1. Solid model of a 'V' groove machined in a workpiece

Figure 2 SEM of ablated tapered nozzle
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in the trial was an isosceles triangle (side lengths 4.84 mm, 1.64
mm and 4.86 mm), and the laser light was projected onto the
workpiece with a 10 times reduction factor.

Simulating the Tapered Nozzle
The mask was stepped in a circle with 20 laser cuts at 13 discrete
angular positions making a total of 260 laser cuts. This can be
modelled by making one laser cut at each angular position but 20
times as deep. The entire simulation requires only 13 cuts, which
can be easily modelled, see Figure 3.

Performance of Simulator
Depth images of the micromachined shapes were measured using
an Olympus OLS 1100 confocal laser-scanning microscope. The
microscope produced noisy signals of steep side walls, but it was
good at measuring multi-layered surfaces. Graphs of the depth
along a vertical section are shown in Figure 4 (left) and similar
results for the corresponding section through the solid model are
shown in Figure 4 (right). Overlaying the depth measurements
through a vertical section on the machined structure with those of
the solid model show that the simulation appears to model the
example well except perhaps in predicting the centre depth and
the profile of the side of the central hole where the steps in the

simulation is smoothed out in the actual laser cutting process.

Conclusions
The parametric feature of a CAD solid modeller was used to sim-
ulate a 3D surface produced by Excimer laser micromachining.
The approach uses a simple model for laser ablation and creates a
3D solid model of the laser-machined surface. The simulator pro-
vides an understanding of complex machining paths through visu-
alisation, and enables users to section a model to verify the out-
come. Paths to achieve complex surface textures can be investi-
gated. 

A basic knowledge of the solid modelling package is required,
and complex simulations can take some time to develop.
However, the simulations can be parameterised so that families of
designs can be investigated without redevelopment and the time
to develop simulations can be further reduced by working from
simulations already developed.

Part programming strategies can be tried using the simulator,
rather than taking up expensive laser equipment time. As a result,
time and development costs can be reduced and the user can opti-
mise the design before committing to laser micromachining. 
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Industrial Nd:YAG lasers are increasingly being used in
metalworking applications for cutting, welding and
drilling applications. Many of these applications require a

stable, well regulated and reliable beam in order for the appli-
cation to be profitable. In addition, the pressure on profitabil-
ity requires that a minimum of time be spent on setup and
changeover. It is well known, however that industrial Nd:YAG
lasers run multi-mode and that there are many variables for
which seemingly minor changes can affect performance,
resulting in the production of unacceptable products and
reduced profitability. Whenever these Nd:YAG-based
machines are taken out of service for repairs or adjustment,
the return on investment is seriously impacted.

When operating multi-mode Nd:YAG lasers in production, ques-
tions frequently arise regarding the ‘quality’ of the beam. One
good measure of beam quality is to calculate the ‘Times
Diffraction Limit’ or M2 of the laser. However, even modern,
automated M2 measuring systems take many minutes (as opposed
to many hours with manual systems) for each measurement. For
the industrial laser user, a rapid and continuous measurement is
needed that can be used to determine the beam ‘quality’ in pro-
cessing for it to be effective. Tests performed on one industrial
laser suggest that a new value, the Beam Focusability Factor may
be this elusive measurement.

Beam Focusability Factor
The M2 value is directly related to the unfocused beam divergence
by the following equation:

θ0 = M24λ/πW0 (1)

In Eqn. 1, θ0 is the beam divergence in milliradians and W0 is the
width of the output beam waist (If the beam is circular, then W can

be replaced by the beam diameter D throughout). According to the
ISO 11146 method, the beam divergence is calculated by dividing
the beam width, measured at a distance of one focal length from a
focusing lens, by the focal length of the lens.

After the final focus lens used in all industrial Nd:YAG lasers, the
focused spot size w0 is given by the equation:

w0 = M2 4λf/πW0 (2)

It can be seen that both the divergence (θ0) and the focused spot size
(w0) are proportional to a constant times the ratio [M2/W0], i.e.

θ0 = k1* [M2/W0] (3a)
and w0 = k2* [M2/W0]. (3b)

It follows from Eqn. 3 that if the beam divergence changes then
the ratio [M2/W0] must also change and so must the focused spot
size w0. So, if one knows the initial values of the variables, mea-
suring the beam divergence continuously or periodically allows
one to predict any changes in the focused spot size, w0, for a given
set of laser operating conditions.  An operator who observes the
beam divergence value change while monitoring the process,
knows there has been a change in the focused spot size, which is
an instant warning that the beam ‘quality’ has changed.

Results
To illustrate the link between beam divergence and focused spot
size, measurements of M2, the divergence (θ0), the Beam
Focusability Factor [M2/W0] and the output beam waist width
(W0) were plotted as a function of the output pulse energy from a
JK Nd:YAG laser.  Figure 1 shows the results.

As the graph shows, the M2 of the laser changes by less than 1.05
times as laser pulse energy increases. However, the divergence
angle and the Beam Focusability Factor both increase by almost

Beam Focusability Factor- 
A New Monitoring Tool For Increased Profitability

Lawrence I 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. Variation of M2,

divergence  (θ0) the Beam
Focusability Factor (M2/W0 )
and the input beam width,
W0 as a function of the out-
put pulse energy for a JK
Nd:YAG laser. As pulse
energy increases, both
M2/W0 and divergence are
seen to increase at the
same rate.
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1.5 times because, quite unexpectedly, the output beam waist
decreases with increased laser pulse energy. Recall that from
equations (2) and (3), the focused spot size (w0) is inversely pro-
portional to the input beam width W0.

Figure 2 shows the relationship between the output pulse energy
and the focused energy density, H Jm-2, over the same range,
where 

H = 4E/π w0
2

i.e. the pulse energy E divided by the area of the spot at focus. 

It is important to note that Figure 2 shows that even though the
pulse energy was increased 1.25 times, the net effect was a reduc-
tion of 1.8 times in surface irradiance, which (depending on appli-
cation) could mean less useful work done.

Since, unlike M2, the divergence of the laser beam can
be measured in real time, it is now possible to view
both the spatial beam profile and the beam divergence
while processing material. Because of the relationship
between the divergence angle and the Beam
Focusability Factor, information about the beam pro-
file, focusability and performance of the laser can be
displayed in real-time.  Thus, when a situation arises
that compromises the beam quality, the user can imme-
diately view this critical data and make a command
decision to either continue or stop the process. When
the necessary repairs have been completed, the same
diagnostic system can be used to readjust the laser to
optimum performance in a minimum amount of time.

In summary, instrumentation is now available for the
industrial laser user that can be permanently mounted to

their systems, producing real time information.  Savings from
reduced scrap, better performance of the process and reduced
downtime when the laser is set up for different jobs can pay for
such in instrument in only a few months.

Figure 2. Variation of energy density at focus with the input pulse energy over the
same range as covered in Figure 1. energy density is seen to drop1.8 times from
its original value as the power increases 1.25 times.

Larry Green is quite right in drawing our attention to a property
that can be used to monitor a laser beam in real time while it is
processing materials. His beam focusability factor [M2/Wo]is
fully described by his Equation 1 and is directly proportional to
the far-field divergence of his beam. 

I should point out that Equation 2 is an approximation. It is
applicable when the divergence of a beam is small AND when the
focal length of the focusing lens is very much less than the
Rayleigh distance Zr.(=Wo/θo). The latter requirement will cer-
tainly be satisfied for most laser machining applications. For
example, the Rayleigh length for the beam Larry chose in his
paper was 6.5 meters, compared to a typical focal length of 150
mm for a lens used for cutting. But please note, Equation 2 should
not be used if you are wanting to do some heat-treatment with a
long focal length lens, for example. 

Nevertheless, with most laser cutting and welding systems with a
long Rayleigh length, the "focus" or waist of the output beam is
very close (within 50 to 70 µm) to the focal plane of the lens. In
which case, monitoring the power or energy density distribution
in the focal plane provides a measure of the beam divergence and
the focused beam quality in real time and any knife-edge, slit,
CCD or whirling whisker device should be able to do this. The
important thing is to monitor the input to your process and what-
ever picture works for you, maintain it within the process toler-
ance limits. One word of warning - you will not be monitoring the

full beam, only a sample. If your focusing lens or beam sampling
optics deteriorate and/or suffer from thermal distortion then you
won't get a proper picture.

Brooke Ward Europtics
As a method of monitoring a change in beam quality, this method
would work perfectly well. It could also prove useful as a diag-
nostic tool. However, to accurately calculate focused spot size
when using more complicated optical systems than just a single
lens (e.g. a beam expanding telescope), M2, θo and Wo would need
to be known, not just the value of (M2/Wo). The paper states that
as the divergence changes, then so too must M2 - this is of course
true. But in order for this idea to work, the waist size, Wo, would
need to remain at constant. A previous paper from a collaboration
of Spiricom and Liverpool University (work this new paper is
based on) suggests that this would be the case and that Wo is like-
ly to remain constant because it is more a function of the mechan-
ical configuration of the laser. This is not always the case with our
products, even the ones with apertured resonators: as the pump
power increases the divergence will increase and the waist size
will decrease. In some cases, the waist decrease over the laser
operating range can be quite dramatic. So a one-off measurement
of all the beam parameters is not likely to be sufficient. An excep-
tion, however, is in the case of fibre delivery, where the spot size
imaged onto the workpiece is defined by the core diameter of the
fibre at the exit so a change in waist size will not matter.

COMMENTS

Larry Green joined Spiricon, Inc in 2000 as
Industrial Product Manager.  Although a rela-
tive newcomer to the laser industry, he has
extensive industrial experience, having spent
almost twenty years working with researchers
in a number of disciplines, designing and imple-
menting instrumentation.
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“The journey of Laser Processing attempts to highlight the
remarkable growth of our subject and the opening vista of
opportunities it offers,” explained the ICALEO® 2002 Plenary
Chair, AILU President Bill Steen. “Starting with the thoughtful
sums of Einstein, stimulated emission was identified and years
later a small laser was built. Very quickly powerful lasers were
engineered.”

The plenary session begins with some archival material taken a
few years after Kumar Patel’s invention of the CO2 laser when
Dr. Paul Hilton of TWI discusses ‘In the Beginning …’

The session continues with invited papers on the current devel-
opment of the laser from which new applications will follow,
such as ‘New Time Domains for Power Control, Machining with
Ultrafast Lasers’ by William Clark of Clark-MXR Inc.

The next presenter, Dr Reinhard Wollermann-Windgasse of
Trumpf Lasertechnik GmbH, will move into ‘New Power
Sources – Development and Outlook of High Power Sources’
and finally into new wavelengths, all hinting at the future appli-
cations of the most flexible industrial energy source.

‘EUV and X-Ray Wavelengths for Future Applications’ will be
presented by Prof Eckhard Beyer, president of LIA and director of
Fraunhofer Institute for Material and Beam Technology, Dresden.

The ICALEO week
More than 200 papers will be presented between the two con-
ferences, ‘Laser Materials Processing’ and ‘Laser
Microfabrication’.

“Due to the increasing spectrum of applications and possibili-
ties, this year’s Laser Microfabrication Conference is very much
structured. There will be sessions directly addressed to the spe-

cific application fields – electronic components production, bio-
medical device fabrication, photonic components – and there
will be additional sessions where attendees can learn about the
latest developments in a specific processing technology, such as
ultra-fast laser interactions with matter, uv laser processing or
micro-welding.

Although ultra-fast lasers are an emerging field, there will also
be many papers dealing with more conventional processes,” said
Andreas Ostendorf of Laser Zentrum Hannover e.V, Hannover,
Germany, this year’s LMFC chair.

“The high number of conference papers demonstrates that there
are many upcoming technologies in laser micromachining.
Besides the processes there will be special sessions on lasers,
optics and systems for micro- or even nano-processing. These
possibilities can stimulate new ideas in each attendees’ field of
work,” said Ostendorf. “People will get necessary theoretical
background and stay up-to-date in their field.”

The Laser Materials Processing Conference will define the state
of the art in laser materials processing and showcase emerging
technologies facilitated through the continuing improvement of
laser processing techniques. In response to industry needs, the
research community is increasingly active in the development of
novel laser materials processing technologies. This year’s LMPC
chair is Y. Lawrence Yao of Columbia University, New York.

ICALEO® 2002 features updates on traditional processing
including cutting, drilling, welding and surface modification
techniques, in addition to innovative new applications ranging
from laser cleaning, hybrid processes and systems, laser form-
ing, and laser shock processing. New developments in laser
sources, components and systems are also well represented.
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The usefulness of this a diagnostic tool depends how critical the
process is likely to be to changes in spot size. If process control
were needed for very fine cutting and drilling then this method is
not likely to be accurate enough and for high power welding, a
periodic inspection of parts is likely to be sufficient. Another
point to bear in mind is that if an increase in power is going to
change the beam quality enough to effect the process, then it is
likely that the process set-up would need to be re-qualified for the
increase in power anyway - so this kit would become redundant.
The new CW products of ours use a beam delivery method that
assumes the worst case beam quality and this truly is limited by
the configuration of the laser - an increase in power or optical
degradation would not affect spot size. In some respects, the cus-
tomer would be just as well to use laser efficiency (via closed
loop) as a diagnostic tool.

Mo Naeem GSI Lumonics

Response from the author:

Two points:

1. We state that either M2 or Wo or both will likely change if the
ratio of M2/Wo is seen to change.

2. Our method is so closely related to the focused spot (as evi-
denced by the Liverpool study itself) and the input beam width
(also from the same study) that it is probably the only chance
that an operator has to check the performance of the laser in
process. That said, we strongly advocate the proper measure-
ment of M2 etc on a regular basis to confirm the in-process mea-
surement. I do not want to mislead people by saying that our
measurement eliminates the need for proper measurement, only
that it is now possible to instantaneously monitor the 'health' of
the process with this variable.

Larry Green

ICALEO 2002
14 - 17 October 2002
Scottsdale, Arizona

Plenary session: ‘Macro - Micro - Future’ Laser Processing Journey
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October
14 ICALEO 02 (14 - 17)

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

29 AILU Event
Laser Job Shop 02 
Networking meeting for laser job shops
See details opposite
Hilton Hotel, Coventry
Contact: AILU office (details not yet issued)

November
6 Heat Transfer - Principles and Practice (6 - 8)

National Physical Laboratory
Teddington, London 
Contact: Bob Angus - National Physical Laboratory
T: +44(0)20 8943 7110
E: robert.angus@npl.co.uk
Details at http://www.npl.co.uk/thermal/heattransfer

21 AILU Event
Design for Manufacture and Reliability
Loughborough University
Loughborough 
Contact: AILU office (flyers not yet issued)

28 Modelling in Laser Processing
TWI
Great Abington, Cambridge 
Contact: Paul Hilton or Rachel Wall
T: +44(0)1223 891162
E: paul.hilton@twi.co.uk or rachel.wall@twi.co.uk

February 2003 
AILU Event
Rapid Tooling
Centre for Rapid Design and Manufacture
High Wycombe, Buckinghamshire 
Contact: AILU office (details not yet available)

If you want to know the answer to the above, then attend the
TRANSLAS* one day workshop on modelling in laser process-
ing at TWI, starting at 09.00 on Thursday 28 November 2002.

For this special event, an international list of distinguished speak-
ers from industry and research organisations has been assembled
with the specific brief of illustrating what today’s models are
capable of, by way of actual examples. Topics to be covered
include laser cutting, laser welding (keyhole and conduction lim-
ited), hybrid laser/arc welding, as well as distortion modelling.

*TRANSLAS is the acronym for the EC funded Thematic
Network on Laser Welding in the Transport Industries, managed
by TWI.

Review

Modelling in Laser Processing
28 November 2002

TWI, UK

What can modelling do for you?

The meeting will take place in the Loughborough University
Business Centre and includes formal presentations, lunch and
afternoon discussion.

Morning presentations will include:

‘Design for Manufacture: Why?’ Ian Bettles (Smallpeice Enterprises)

‘Design for Laser-based Manufacture’ Chris Peters (TWI)

‘Design for Reliability: Why and How?’ Stuart Sutcliffe (BMTRCL)

In the afternoon Tim Weedon will present ‘DFMR: The Path
Forward’ with a vision for AILU’s future activities including possi-
bilities for exhibitions, presentations and internet initiatives. Plans for
the coming year will be presented, followed by an open discussion. 

This new initiative presents possible business opportunities for
suppliers of laser-related products and services, so it is hoped that
members will make a special effort to actively participation in
this meeting and contribute their insights for the way forward.

Design for Manufacture and Reliability
21 November 2002

Loughborough University, UK

AILU’s new initiative
(See front page for background information)

Presentations include:

‘The job shop market in the US – surviving a severe downturn’
David Belforte (Publisher/Editor-In-Chief, Industrial Laser Solutions)

‘The current economic climate in the UK manufacturing sector’
Geoff Noon (Machine Tool Technologies Association) 

‘Results of recent AILU laser job shop surveys’
John Powell (Laser Expertise Ltd)

‘Laser machine finance – a new dawn?’
Steve Gee (Close Asset Finance)

‘Software lessons’
Peter Charnley (RE Cooke & Son (Burton))

The formal meeting will end with an open discussion, to be 
followed by an (optional) informal gathering at the hotel bar and
an evening meal. 

Laser Job Shop 2002
29 October 2002

Hilton Hotel, Coventry, UK

An excellent networking opportunity
Afternoon meeting with optional evening social event
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