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The AILU annual micromachining workshop on 24 June
at the Photonics Cluster in Aston attracted over 50 del-
egates. They heard a full and wide-ranging set of pre-

sentations from users of the technology addressing current
commercial applications. 

Martyn Knowles of Oxford Lasers chaired the workshop and
opened the day with an upbeat assessment of the future for laser
microprocessing, quoting its predicted double digit growth to
2010 (see Arnold Mayer’s review Issue 35, p5).

Nadeem Rizvi, manager of the new IBMM Laser Micro machin-
ing Centre in Bangor, opened the formal presentations with an
excellent introduction to laser micromachining aimed primarily at
potential users. Following an introduction to pulsed laser process-
ing he pointed to the dozens of production sites around the world
with fully or semi-automated laser micromachining tools and
explained how integrated manufacture and the demand for small-
er feature size were driving laser microprocessing forward.

Frank Siegel of the Laser Zentrum Hannover, Germany began his
review with a comparison of picosecond (ps) and femtosecond (fs)
machining. “The ps laser source (Nd:YVO4) is much simpler than
its fs counterpart,” he claimed, and provided several examples of
where the excellent edge quality achieved by fs machining could be
matched using 12ps pulses. Applications for 12ps pulses included
scanning ‘riblet’ structures onto metal surfaces (for flow control),
micro-cutting plastics and metals, shaped hole drilling in metals
(including holes with strong inverse tapers) and micro-steriolithog-
raphy in liquid polymers using 12 and 400 ps laser pulses.

Nadeem Rizvi began his second presentation, on femtosecond
machining, by noting that as well as processing opaque materials, fs
lasers could also process transparent materials (thanks to non-linear
effects), and that the use of fs pulses also gave better control of ther-
mal effects and debris. “However, we are still waiting for the killer
application to drive the technology forward,” he said. Nadeem sug-
gested that micro-steriolithography (with sub-wavelength resolu-
tion) and optical waveguides in glass were potential candidates.

On the theme of ‘if you can’t measure it you can’t control it’, Larry
Green of Spiricon, USA highlighted the importance of laser beam
monitoring for quality control. and cited examples of the potential
cost implications of not monitoring. See Larry’s article in this issue.

During the lunch break Glenn Barrowman organised a tour of the
Photonics Cluster labs (see figure caption). These facilities are

used for demonstration purposes and to produce test samples for
potential users.

Nadeem Rizvi chaired the afternoon session, which began with a
wide-ranging review of  aerospace applications by Stewart
Williams of BAe Systems (Sowerby). He described many cutting
(including the successful laser machining of CFC), surfacing
(including pretreatment for adhesive bonding), large area micro-
hole drilling and patterning applications on a wide range of
aerospace materials, as well as recent developments in laser-
assisted friction stir welding. 

Athol Duckett of Ceres gave a fascinating introduction to fuel cell
technology and how laser welding and drilling is used in their con-
struction. In particular, he explained how laser drilling is used to
create porous regions in the stainless steel substrates. “It is faster
than EDM and mechanically drilled holes are too large,” said Athol. 

Richard Simons of Stratos Lightwave described their company’s
use of laser fibre cleaving and the machining of lenses on optical
fibre ends. “The attraction of lasers for fibre processing is repeata-
bility, surface quality, flexibility and speed of operation,” said
Richard, adding that laser lens machining has the additional attrac-
tions of simplicity and complete processing in a single machine. 

In the final paper of the day, Carsten Giebeler of Microemissive
Displays described the use of a laser ablation patterning process in
the fabrication of RGB (red green blue) Organic Light Emitting
Materials for electronic viewfinders. “Ink jet and screen printing
techniques currently used for the patterning are not an option for
pixel sizes below 50 µm,” said Carsten. “In addition to a 1 µm res-
olution capability, the process can be applied to a wide range of
OLEDs and could lead to significant cost savings ,” he added. 

The Association would like to thank the Photonics Cluster staff
for their support and use of facilities, and Martyn Knowles for
planning the programme and running the workshop. 
(Several papers based on these workshop presentations will be covered in Issue 37
of this magazine  Ed.)

Laser micromachining at Photonics Cluster

Speakers at the lively ‘Laser Micromachining and its Applications’ work-
shop. Frank Siegel (LZH, Germany), Larry Green (Spiricon, USA),
Nadeem Rizvi (IBMM Laser Micromachining Centre and Co-Chair), 
Athol Duckett (Ceres Power), Richard Simons (Stratos Lightwave), 
Stewart Williams (Advanced Technology Centres - Sowerby), 
Glenn Barrowman (Photonics Cluster), Martin Knowles (Oxford Lasers,
Co-Chair), Carsten Giebeler (Microemissive Displays). 

The Moritex at
the Photonics
Cluster validation
system for align-
ing fibres. Other
equipment
shown included
an Oxford Lasers
micromachining
workstation and
an ultraviolet
laser marking
system.  



Femtosecond patent deterrent
I was attending the AILU meeting on micro machining with ultra
short pulses hosted by the Photonics Cluster in Birmingham when
I asked the following question at the end of Nadeem Rizvi’s pre-
sentation:

“If I buy a femtosecond laser system from anyone other than Bill
Clark (Clark XMR) and I start laser processing on a commercial
basis, will l be liable to be sued for infringement of his femtosec-
ond laser processing patent?”

The general opinion of the audience was that Bill Clark would
probably keep his powder dry. That is to say, so long as the appli-
cation was small, involving few systems, then he would probably
do nothing. He might prefer to keep his patent in the background
with possible legal action in the future: in this way, the patent acts
as a deterrent, which it would not be if he were to lose a court case
over a patent infringement. 

The implication is that as soon as someone invents the ‘killer
application’ in femtosecond laser processing, in let’s say the field
of molecular electronics, then Bill may attempt to enforce the
patent with all the legal muscle he can muster. I personally
believe that the patent would be thrown out in Europe, but in the
US it might well be upheld. The effect that this would have on
European femtosecond laser users supplying laser-processed
goods to the US market is unclear. 

Perhaps the best strategy if one needs to process with ultra short
pulses is to try to work with picosecond pulses and thereby avoid
the patent! Then the only question remaining is whether the desired
processing quality can be achieved with the longer laser pulses. 

Paul French   Lairdside Laser Engineering Centre

Paul French makes a number of interesting points about this area. I
have heard many discussions about how the Clark MXR patent (or
rather the University of Michigan patent, which has been granted
exclusively to Clark MXR) would stand up outside of the US and
my view is also that the patent would have trouble being upheld in
Europe, although it is probably safer in the US. However, until

there is a test case explicitly about femtosecond laser processing
systems, it is impossible to say for sure. In this regard, Paul’s com-
ment about the deterrence factor is valid, as is the view that the
market is currently too small for anyone to stir things up too much.

It is interesting to note that there are quite a few laser companies
and tool manufacturers in Europe and Japan who have provided
commercial femtosecond lasers and/or systems for a number of
years. They make no secret of this, yet Clark MXR have, as far as
I know, not yet made any move. However, I also note that some
of these same companies take a more guarded approach in the US
and so it is probably safe to say that the uncertainty caused by the
patent issue in the US is having an effect. Similarly, I would
imagine that non-US manufacturers of products made with fem-
tosecond lasers might also be reluctant to supply to the US mar-
ket until the uncertainty is removed. 

There is clearly a growing interest in the use of picosecond lasers,
and as Paul mentions, part of the attraction is that this avoids con-
flicts with the Clark MXR patent. I believe, however, that the
Lawrence Livermore Lab.(via the University of California) also
has a patent from 1999 on the ultrashort pulse machining of metals
and alloys which covers the 10fs-100ps range, so even the use of
picosecond lasers may not be a clear solution for everything. The
answer is that you have to tread very carefully. Patents are not
meant to hinder the use of the use of the technology - you either
have to work with them or work around them.

Nadeem Rizvi IBMM Laser Micromachining Centre

We have been using ultrafast laser processing for over three years
now and faced the “patent” problem early in our purchasing
deliberations.  At that time there were two options, Clark and A-
nother Inc.  Having gone to EU tender to meet EU public pur-
chasing requirements, we received returns from each company.
The return from Clark MXR offered a very well engineered 
system that came with a licence to operate ultrafast processing on
a commercial basis. The other return offered a reasonable ultra-
fast system (although it was more of a lab bench solution rather
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In my note in the last issue of the magazine I tried to make the
point that not having time to read this magazine is OK, provid-
ed you don’t regard AILU membership as little more than a
magazine subscription. That said, I don’t understand why some
AILU members don’t do more to share their magazine with their
colleagues. Is it that you think they wouldn’t be interested?

One of the wonderful
things about lasers is the
enthusiasm they engen-
der: just read the obitu-
ary to Ray Chatting to
see what I mean. It fol-
lows that if you work for
an organisation that has
anything to do with
lasers then there will be
at least some of your

colleagues who have an interest in the sub-
ject. So, if you haven’t done so already, cir-
culate your copy of the magazine to help fuel
the interest of others in lasers. Or put in an
order for some extra copies.

On this same topic of spreading the laser news, have you added
the AILU logo to your letterhead? See, for example, the brochure
on the left. And, if you haven’t done so already, why not add a
reciprocal link to the AILU web site from your own? 

We are always pleased to deal with enquiries from non-members
on laser-related topics, and we receive several a day by phone and
by email through the web site. It all helps spread the word.

Last year we established a Market Development Special Interest
Group within AILU, to help spread the news of lasers capabilities
to non-laser users. Plans are underway to set up a web site with
standard presentations and other useful information, but one has
to say that the first place to start is... with the AILU membership! 

Letters to the Editor
Editorial

Note  from  the  editor
Tell your colleagues!

Steel Service Centre brochure proudly dis-
plays the AILU logo in the bottom left corner

Continued



I was very saddened to hear of the sudden death of
Ray Chatting in July.  

Ray was a Director at Laserweld Ltd in Cannock and
he had worked in the industrial laser field since the
early 1980's.

I remember my first meeting with Ray. He was, in fact,
Laser Trader’s very first customer back in 2000. I
always found him a very friendly person and a man of
his word. I was made most welcome during my visits
to Laserweld and he always began any meeting by ask-
ing how my family were. He shared a passion for hors-
es with my eldest daughter and he was interested to
hear how she was doing. I will always remember Ray
as one of life's nice guys.

Our thoughts go out to his family and the staff at Laserweld.
John Cocker Laser Trader Ltd

We emphasise today, the importance of maintaining a competitive
edge in business but even back in the early 'eighties this was the
watchword of Ray Chatting, the late Managing Director of Laser
Welding 2000. He was quite a pioneer. Few people were brave
enough to embrace the flexibility of high-powered CO2 laser cut-
ting for sub-contract manufacture, but Ray was an exception. He
was one of first to realise its potential and was sufficiently com-
mitted to the process to name his company Laser 2000. Ray was
indeed ahead of his time, adopting lasers first for cutting, then
integrating them into systems and then using them for welding on
a sub-contarct basis. He was a man of foresight and he will be
greatly missed. 
David Foulks Trumpf

I first met Ray Chatting in 1968 although it was to be a further ten
years before we worked together and our working relationship
eventually led to the formation of Laser 2000 Ltd in 1981. We
were, at that time, one of the first laser cutting jobshops. Anyone

knowing Ray would not be surprised to know that we
had the biggest, most powerful and most comprehen-
sive system available. Ray was like that, never afraid
of taking a step in the dark.

It was with Laser 2000 that I 'learned the trade' that
subsequently led me to form Laser Process in 1990.
Unfortunately we never spoke after that although I
never lost my respect for him and will never forget
the influence he had on my life. Many times I would
have liked to have spoken to him, but it never hap-
pened and I was left with an awful sense of unfin-
ished business when I heard of his passing. He will
not be forgotten.
Dave Lindsey Laser Process

Our first contacts with Ray were around 1991 when he was look-
ing to buy a high power CO2 laser to form the core capability of
Laserweld. After characteristically tough but good natured nego-
tiations Ray took delivery of an AF5, 5kW laser and through his
energy and determination built-up the business later adding an
AF8 and a second AF5.

Ray was always helpful and constructive and made many sound
suggestions for improvements to the lasers and their mainte-
nance. His approach was a blend of shrewd business acumen
coupled with a wealth of practical laser engineering experience.
We believe he had chosen wisely in offering laser welding ser-
vices since it gave Laserweld a genuine niche where Ray's skill
and knowledge could be used to maximum effect. Where most
“commodity orientated” job-shops could not even respond to
enquiries Ray was able to design and build novel work-handling
and beam aiming solutions and so win and retain valuable busi-
ness. Ray also succeeded in conveying a pride and pleasure in
creating engineering solutions that is all too rare these days. We
will miss him.
Chris Williams & Gordon Freeman Ferranti Photonics Ltd
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Ray Chatting
Obituary

Ray Chatting 
20 Nov 1932 - 15 July 2004

than a ruggedised engineering solution) and no mention of
patents.  It became clear to us that Clark was prepared to defend
his patent position. I believe he has been through the courts in the
US and had his patent upheld on a number of occasions. As a
R&D laboratory we do not need to concern ourselves with patents
on technology that we use in-house, although as an R&D provider
we have to protect our investments and sell capacity on the
machines to commercial players in order to generate revenue.
Hence we needed the licence, or at least protection against litiga-
tion. Of those companies we were in discussions with, all parties
declared the patent  “not worth the paper it was written on”, yet
none of companies were prepared to offer protection against
future patent infringement had we bought their machines.
Interestingly, many competitors to Clark have taken away the big
publicity splash and mention of ultrafast laser processing from
their websites, opting for much smaller listings of ultrafast pro-
cessing abilities.

I know of three major companies who have pulled back from
implementing ultrafast processing on a commercial basis because
of the patent issues. No company wishes to venture into a new

area with a single supply option. As a result, the commercial
applications of ultrafast processing have been stifled by the issue,
yet we still hear talk of “its not worth the paper...”. The lack of
competition in any field is a barrier to progress, and the lack of an
equitable business position produces much the same.

As the old saying goes, if you can beat them…. beat them. We
have many clients asking for processing data at pulsewidths > 10
psec on various materials (the upper bound of the patent).  What
is interesting from our work (this will remain unpublished for the
foreseeable future) is that we can make a femto system produce as
much rubbish as the worst offerings from a pico or nanosecond
system. In our experience, timing is not the essence of the capa-
bility, as there are many other factors that make femtosecond pro-
cessing look and behave so well compared to longer pulse
lengths.  Although a word of caution for those with money burn-
ing a hole in their pockets, the viability of a longer pulse length
alternative should not be ruled out. Take at look at the work pro-
duced by Oxford Lasers using CVL and DPSS systems, and then
take a guess at the timescales employed!

Bill O’Neill University of Cambridge

Letters (continued)
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Back in the 1980's it was quite common for a customer to com-
plain that their laser cut stainless steel was going rusty along
the cut edge. This was because in those days we used lower
power lasers and needed to use oxygen as the cutting gas for
stainless steel. The chemical reaction between the oxygen and
the molten stainless steel on the cut edge produced a steel
grade which would go rusty if it got wet (This only affected the
edges).

Since the arrival in the 1990's of cutting lasers with powers above
three kilowatts, we have used nitrogen as the cutting gas for stain-
less steel and cut edge rusting is no longer a problem. However,
there is still an occasional problem with rusting on laser cut stain-
less steel. This is no longer associated with the cut edge but is usu-
ally made up of collections of small dots of rust close to the points
where the laser pierces the material before cutting.. Sometimes
the effect is spread over the surface of the component as individ-
ual specks of rust. Whether or not the specks are collected around
holes or spread over the whole component, they will not become
visible until they are exposed to water. The brown stains that
result can lead to serious customer complaints.

So what's going on? Why is the stainless steel not completely
stainless any more?

The answer lies, once again, in the effect of oxygen on molten
stainless steel. In this case the molten stainless steel takes the

form of the droplets that are splashed onto the surface of the com-
ponent whenever the laser pierces the material to begin a
cut.These hot droplets fly through the air as sparks and the air, of
course, contains oxygen.A chemical reaction takes place between
the spark and the oxygen to produce a steel grade which can go
rusty (as used to happen on the cut edge when cutting with oxy-
gen). If the sparks/droplets then land on the component and stick
to it, a rusty spot will be seen a few hours after exposure to water.

These rust spots do not affect the service life of the component but
they can be a problem if the appearance of the component is
important, for example, on signs or architectural features. (If you
keep your scrap stainless out in the rain you will sometimes see
these rusty dots after a couple of days).

The extent of the problem depends on a number of factors includ-
ing laser power and material thickness and it is, in any case, not
often of any significance. However, if you do experience this phe-
nomenon as a problem there are a number of remedies:

a. Have the material polished or ground after cutting rather than
buying pre polished or ground sheet.

b. Cut plastic coated steel (although this may still give problems
around small holes.

c. Spray the sheet with anti-spatter (or almost any other liquid).
This stop the sparks sticking to the sheet. 

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

Rust and rust spots on laser-cut stainless steel

A paper at last year’s ICA-
LEO conference and high-
lighted in LIA Today
(March/April 2004),
detailed how researchers
Hongseok Choi and
Xiaochun Li from the
University of Wisconsin,
USA, reported the laser
machining of cheese into
intricate shapes using a Q-
switched, frequency quadru-
pled (UV) Nd:YAG laser.  

The ICALEO paper detailed the assessment of the suitability of
UV light to cut and drill slices of mild chedder cheese a few mil-
limetres thick. The 266nm beam gave a much deeper, cleaner cut
than a 355nm beam, and without signs of thermal damage. 

Wisconsin is a big dairy and cheese-making state and the authors
are understood to have been approached by a company that want-
ed to know if a laser could be used to cut thin slices of cheese at
high speed. According to Optics.org, researcher Li said “Our
motivation is the ability to cut cheese into fancy shapes that
appeal to kids, such as dinosaurs or letters. The fast food industry
is very interested in the idea”

Congratulation to Gerry Jones of Trumpf, this quarter’ winner, for
providing this example of laser cutting to produce parts that will
hold together for subsequent welding without additional jigging. 

The grill for the Bentley car is manufactured by Radshape in the
West Midlands. They are laser cut from 2mm stainless steel on
a Trumpf Trumatic L3050 equipped with a 5kW laser. It can cut
at speeds which others can only attain when rapid-traversing to
position. Radshape's investment in the L3050 has resulted in a
400% increase in Bentley grille production. 

The authors of items published will receive a complementary
registration to an AILU workshop of their choice.

Most gorgeous part this quarterMost humourous part this quarter

All parts  of this Bentley car grill are individually laser cut and assembled
like an egg box which is then tig-welded and chromed.

Laser-cut cheese using a Q-switched
Nd:YAG laser operating at 266nm. 
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As a laser job shop owner operating Class 4 Nd:YAG lasers for
marking, I was greatly concerned by statements in the commercial
flyer that was sent out with the June issue of the Industrial Laser
User,  which stated, among other things, “Laser safety goggles
are not the answer. If goggles are your sole means of eye protec-
tion you are operating illegally and contravening at least 3 health
and safety regulations.

Are these and the other words in the flyer exaggerating the situa-
tion and does AILU support this interpretation?

AILU as an association is well represented on laser safety com-
mittees and our representatives (myself, Mike Barrett and, until
recently, Brooke Ward) fully support the new TR60825-14 laser
users’ guide and the risk assessment approach that it embodies
(see feature on p38). I have left it to Laser Optical Engineering
and other AILU members to express their views on whether exag-
geration has occurred in this instance. I would only point out that
laser use in industry enjoys an the excellent safety record, and
exaggerating laser safety issues can only harm the industry.   Ed.

Response from Laser Optical Engineering
Laser Optical Engineering Ltd supplies high power laser equip-
ment, uses such equipment and provides laser safety consultancy.
We ensure everything we do has full CE and ISO 9001 compliance.
As such we ensure not only laser safety but general product safety
is fully considered in our Hazard and Risk Assessments. What we
have seen on many occasions are organisations who consider laser
equipment to be outside the general regulatory basket. As such it is
they who have been served with improvement and prohibition
notices, with consequential prosecution. Failure to undertake a full
and documented risk analysis is no longer an option, in fact this
year saw the prosecution of a General Safety Consultant for an
inadequate risk assessment. Therefore we felt justified in outlining
the issues to your readership. It is important that your readers
understand the consideration of other protection systems, rather
than the provision of PPE, which needs to be considered.

Our laser safety designers have been through the Loughborough
University/NRPB 5 day course. Our safety advisors are educated
to degree and postgraduate level, as well as being trained in gen-
eral Health & Safety consistent with the demands of ISO 9001.

Moving to the specific demands of a Class 4 laser marking sys-
tem, although no specific detail was furnished within the ques-
tion, direct and scattered optical radiation would usually be
guarded against eye and skin exposures. 

There is nothing unusual or exceptional about Class 4 equipment
that excludes it from such standard risk analysis. The DTI pro-
vides useful help on buying new machinery at

http://www.hse.gov.uk/pubns/indg271.htm

In here they directly mention laser. Also the author could try the
Health and Safety Executive concerning the supply of new
machinery http://www.hse.gov.uk/pubns/indg270.htm

All mention the Supply of Machinery (Safety) Regulations 1992;
go to the DTI web site which is reasonably good on overall issues
at http://www.dti.gov.uk/strd/regulations.html

The Machinery Directive which applies throughout Europe
includes a section on laser machinery 1.5.12, it states;

1.5.12 Laser equipment

Where laser equipment is used, the following provisions should
be taken into account:

- laser equipment on machinery must be designed and con-
structed so as to prevent any accidental radiation;

- laser equipment on machinery must be protected so that effec-
tive radiation, radiation produced by reflection or diffusion and
secondary radiation do not damage health;

- optical equipment for the observation or adjustment of laser
equipment on machinery must be such that no health risk is cre-
ated by the laser rays.

I do not see how for such a normal application as laser marking,
these regulations do not apply and hence the problem with goggles.

Also it is important to seek full CE compliance and completion of
risk assessment within the Provision and Use of Work Equipment
Regulations 1998 (PUWER) which came into force on 5
December 1998. Useful guidance is at

http://www.hse.gov.uk/pubns/indg291.pdf

Fume exposure would also need to be analysed against Control of
Substances Hazardous to Health Regulations 2002 (COSHH).
Typically a fume audit would help the hazard analyses for these
and would identify if local guarding were required. We usually
supply combined radiation and fume guarding equipment, which
controls both simultaneously.

For Laser Job Shop Operators the Control of Substances
Hazardous to Health Regulations 2002 would also apply

http://www.hse.gov.uk/hthdir/noframes/coshh/

This guidance includes:

What are hazardous substances? 

Hazardous substances are anything that can harm your health
when you work with them if they are not properly controlled
e.g. by using adequate ventilation. They are found in nearly all
work places eg; factories, shops, mines, farms and offices.
They can include: 

Substances used directly in work activities eg; glues, paints,
cleaning agents 

Substances generated during work activities eg; fumes from
soldering and welding 

Naturally occurring substances eg; grain dust, blood, bacteria 

So we come to The Personal Protective Equipment (PPE) at Work

Regulations 1992 for the goggles, a good guide is

http://www.hse.gov.uk/pubns/indg174.pdf

which states that the main requirement of the PPE at Work
Regulations 1992 is that personal protective equipment is to be
supplied and used at work wherever there are risks to health and
safety that cannot be adequately controlled in other ways.

QUESTION & ANSWER

Exaggerating laser safety requirements??
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Because the effectiveness of PPE can be easily compromise, eg;
by not being worn properly, it should always be considered as the
last resort and used only where other precautions cannot ade-
quately reduce the risk of injury.

However, where PPE is the only effective means of controlling
the risks of injury or ill health, then employers must ensure that it
is available for use at work - free of charge.

It is important that readers understand that PPE only protects that
person wearing it and not any other persons.

In conclusion there are at least 4 regulations for laser marking
which support the need for proper risk assessment and guarding.
Whilst I appreciate some aspects of detail may require clarifica-
tion, breaking regulations means prosecution. This has now hap-
pened on several occasions where goggles were the only protec-
tion provided by the employer. 

The laser safety leaflet was issued by Laser Optical Engineering
Ltd to make AILU readers aware of this. If anyone wishes to take
advantage of our low cost initial audit service we would be
pleased to further assist (this is not meant as a sales pitch!)

John Tyrer Laser Optical Engineering Ltd

Response from other laser safety professionals
I can't find the three points of law employers would be in breach
of if they use PPE in the first instance as claimed by LOE.
Perhaps they should be asked to clarify their claim. At any rate,
the need to mitigate exposure by means other than the use of PPE
is referred to in the Management Regs 1999 (Reg 4 and Sched 1)
as a hierarchy from (a)-(i) in Schedule 1 (especially item (h) see
below).

"Where an employer implements any preventive and protective
measures he shall do so on the basis of the principles specified
in Schedule 1 to these Regulations."

"SCHEDULE 1: GENERAL PRINCIPLES OF PREVENTION
(This Schedule specifies the general principles of prevention set
out in Article 6(2) of Council Directive 89/391/EEC) 

(a) avoiding risks;

(b) evaluating the risks which cannot be avoided; 

(c) combating the risks at source; 

(d) adapting the work to the individual, especially as regards the
design of workplaces, the choice of work equipment and the
choice of working and production methods, with a view, in par-
ticular, to alleviating monotonous work and work at a predeter-
mined work-rate and to reducing their effect on health;               

(e) adapting to technical progress;   

(f) replacing the dangerous by the non-dangerous or the less
dangerous; 

(g) developing a coherent overall prevention policy which cov-
ers technology, organisation of work, working conditions, social
relationships and the influence of factors relating to the working
environment; 

(h) giving collective protective measures priority over individu-
al protective measures; and  

(i) giving appropriate instructions to employees." 

Steve Walker HSE Principal Specialist Inspector (radiation)

The advertisement leaflet by Laser Optical Engineering, circulat-
ed with the AILU newsletter last month, contains one dubious and
over sensational statement and one incorrect statement.  I am writ-
ing in an attempt to provide some balance for the former of these
and to correct the latter.

Laser Eyewear
Dealing first with the statement that any company in which “..
goggles are your sole means of protection (against laser radiation)
you are operating illegally and contravening at least three health
and safety regulations”.  This needs to be justified in detail by the
Company.  At first sight the statement appears to be at the very
least deliberately alarmist.  Firstly, what are the three health and
safety regulations alluded to; and secondly what protection is
acceptable when adequate engineering and administrative con-
trols alone are not reasonably practicable (e.g. non-endoscopic
surgical procedures)? 

Considering some of the legal requirements relevant to laser 
safety, we have:

The COSHH regulations. These form an important subject of
any risk assessment especially where laser materials processing
is concerned.  However, it is hard to see that they have any rel-
evance to wearing laser protective goggles.

The PPE directive. This directive has specifically mandated EN
207 to specify eyewear for protection from laser radiation.  As
with all harmonised documents, conformity to EN 207 enables
the manufacturer to CE mark the product.  It is clear therefore
that use of suitable eyewear is not ruled out as a protective mea-
sure. The recommended restrictions on the use of laser eyewear
are discussed later in this letter.

The Machinery Directive. This calls for protection against
injury from laser radiation.  One way of doing this is to use laser
eyewear which meets the requirements of the PPE directive (see
above), always, of course, subject to the health and safety
requirement of a risk assessment to ensure that the resulting
protection is adequate.  The Machinery directive has mandated
EN12254, a standard which closely parallels EN 207, for free
standing laser screens (including viewing windows).  It may
therefore be considered strange that the Laser Optical
Engineering advertisement claims conformity to EN12254 is
required for all laser guarding.  A more accurate assessment is
given later in this letter under the heading “Laser Guards”.

The safety of laser products has been the subject of international
standards for more than 30 years.  Quoting from the most author-
itative available advice on precautions to be taken by laser users
(IEC/EN/BS 60825-14, a document which originated in the UK
with participation by a representative of the Health and Safety
Executive) “PPE (such as laser protective eyewear) should be
worn, where appropriate, by individuals working in laser protect-
ed areas in order to provide protection against laser hazards.  Such
protection should, however, only be used where it is not reason-
ably practicable to ensure adequate protection by other means,
preferably by total enclosure of the laser radiation, and where it
has been ascertained that personal protective equipment is able to
provide sufficient protection.”  This advice is mirrored, for
instance, in BS EN 1050, which gives advice on risk assessment
and is a “harmonised standard” under the Machinery Directive.  

Note that “harmonised standards” are NOT legal documents but
conformity to them can be used to provide an “assumption of con-
formity” to the related Directive.  
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Editorial
Laser Guards
I come now to the claim that BS EN 12254 “is the required legal
standard” for laser guarding.  This claim is incorrect. This is a
standard to be complied with by manufacturers of proprietary
movable laser screens and, as with any other “harmonised stan-
dard” (in this case harmonised to the Machinery Directive) it is
not a legal document and can only be used to claim an “assump-
tion of conformity” to the relevant Directive (the Machinery
Directive) and the legal requirements for manufacturers of mov-
able screen products. Other standards and other criteria can be
used instead provided they meet the essential requirements of the
Directive.  EN12254 carries the title “Screens for laser working
places.” It defines its scope as “installations in working places at
which laser radiation up to a maximum mean power of 100 W or
single pulse energy of 30 J occurs” it is limited to moveable
screens and does not include fixed screens protecting laser instal-
lations. It should be noted that the test conditions are 100s con-
tainment for continuous wave with a beam diameter of > 2 mm.
Similarly in the latest (2003) version of this standard protection
against sub nanosecond pulsed radiation is limited to “about”
100s or 1000 pulses with beam diameter > 0.5mm.  Earlier ver-
sions may have less demanding requirements.  Consequently
compliance of viewing windows and opaque screens to EN 12254
is certainly not sufficient for their use where fully automatic
machines of any power are being employed.  Neither are they
suitable for protection against laser radiation from products with
an output power greater than 100W unless their use is justified by
a comprehensive risk assessment.

A very similar draft standard was submitted to IEC/TC76 by a
European country when BS EN 60825-4: Laser Guards was being
developed. That committee, which is composed of leading experts
from countries throughout the world, found the standard to be seri-
ously flawed.  Not only is the standard “hazard assessment” based
rather than the European model of using risk assessment for safety
evaluation, but the test measurement requirement of 2 mm beam
diameter is based upon the incorrect belief that the damage thresh-
old will be proportional to W/m2 whereas experimentally and theo-
retically it is expected to be somewhere between this and W/m. 

IEC 60825-4 is a “harmonised document” under the Low Voltage
(LVD) Directive which includes all laser products. It defines a
laser guard as “a physical barrier which limits the extent of a dan-
ger zone by preventing laser radiation accessible at its rear surface
from exceeding the class 1 AEL” and applies to all laser powers
without limit. The scope of this standard includes permanent and
temporary (e.g. for service) products and applies to all component
parts including visibly transmitting screens, viewing windows,
panels, laser curtains and walls. The standard requires the manu-
facturer of proprietary guards to state both the beam diameter and
the protection time for their products. Furthermore the products
are classed as T1, T2 and T3 according as their protection time is
greater than 30,000s, 100s, or 10s. Suitable usage for each of the
three classes is indicated. There is NO LEGAL REQUIREMENT
FOR USERS TO EMPLOY THESE GUARDS, but the informa-

tion provided gives a very valuable guidance as to suitability for
purpose and their correct use provides an assumption of confor-
mity to the legal safety requirements for laser products. A laser
guard certified to BS EN 60825-4 may have the specification in
the table above. Guards classified to T1 must have a containment
time of 30,000s and are rated as suitable for use with automated
systems.

Bryan Tozer Lasermet Ltd
Chairman BSI/EPL 76 (Optical Radiation Safety and Laser
Equipment).
____________________________
The LOE leaflet raises the perpetual question in all safety profes-
sionals minds - "how safe does it have to be?"  To guide users in
the workplace minimum requirements and established good prac-
tice are given in Regulations and their associated Codes of
Practice.  The Regulations are embedded in criminal law and thus
deliberating ignoring them or being negligent could potential
result in financial penalty or even imprisonment.  

Although the principles of these Regulations are relatively
straightforward they do require interpretation and due diligence
must be exercised. The Management of Health and Safety at Work
Regulations require every employer to make a “suitable and suf-
ficient” assessment of the risks to health and safety of his employ-
ees and others. “Suitable and sufficient” is the key phrase. The
detail of the risk assessment should be proportional to the risk
with reasonable steps being taken to identify the risks. In addition,
the assessment should be appropriate to the nature of the work. In
deciding which preventive measures to take, the principles of pre-
vention should be followed. In order these are: (i) Avoidance -
avoid the risks altogether; (ii) Prevention - combat the risks at
source; (iii) Reduction - implement risk prevention measures.

The Provision and Use of Work Equipment Regulations
(PUWER98) deal with the safety of work equipment. This
includes considering its initial integrity, the place of where it will
be used and the purpose for which it will be used.

These two basic Regulations form the cornerstone for workplace
safety, which used in conjunction with other relevant Regulations
lead to meeting the Employer's duties.

One approach to meeting the requirements is to reduce risks to a
level “as low as reasonably practicable” (ALARP). ALARP is a
pragmatic view based on case law. The Court of Appeal held that
“in every case, it is risk that has to be weighed against the mea-
sures necessary to eliminate the risk”. Thus a computation must
be made in which the quantum of risk is weighed against the sac-
rifice involved in the measures necessary for averting the risk in
terms of money, time and trouble. The objective is to remove any
gross disproportion between them. ALARP is reached when the
efforts in terms of resources required provide a risk reduction
measure that is grossly disproportionate to the resultant benefits. 

There is no single correct way of reaching a solution. Judgement
is needed for each individual situation based on the best assess-
ment available. It is necessary to understand the conclusions of
that assessment, take the necessary actions, document it for future
record and review it so as to ensure that the assessment is always
valid by actively re-assessing from time to time or whenever any
changes occur in the operation, personnel or environment.

Mike Barrett Pro Laser
Member of BSI EPL/ 76, ISO/TC172, CEN/TC85 and IEC/ TC 76.An example of a proprietary guard specification to 60825-4

Irradiated Power Density Protection Protection Suitable for
Area (mm2) (MW/m2) Time Class

1 3 100s T2 Short cycle operation. 
Intermittent inspection

500 3 20s T3 Continuous inspection

500 1 60s T3 Continuous inspection

500 0.7 100s T2 Short cycle operation. 
Intermittent inspection
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Welcome to 
New Corporate Members

(since June 2004)

Energas

National Radiological Protection Board

PubliTec S.r.l.

Ulando Ltd t/a LaserTec

Members’ News
Sematech and Exitech develop microexposure tool
International Sematech and Exitech have announced an agreement
to develop the world’s first ultra high numerical aperture (NA =
1.3) 193 nm wavelength immersion lithography tool. This ground-
breaking microexposure tool, the MS 193i, will help speed the
development of critical infrastructure for immersion lithography at
Sematech’s Immersion Technology Center in Texas.

“Largely stimulated by the efforts of Sematech, the rapid develop-
ments made by exposure tool manufacturers and researchers over
the past year now appear to make 193 nm immersion lithography
the preferred technology for manufacturing at the 65 nm node,”
said Malcolm Gower, Chairman and Technical Director of Exitech. 

Laserdyne make major sales to Smiths Aerospace
Prima North America announced that its Laserdyne Systems
Division has delivered 790XS and 790XL BeamDirector systems
to the Smiths Aerospace facility in Indiana, for laser processing
of turbine engine components. The two laser systems, plus
upgrades to one of Smiths Aerospace's existing Laserdyne laser
systems, has a total order value in excess of $1.4M

The 790XS has an extended Z axis feature with a 1 x 1 x 1.3 m
work envelope. It was designed primarily for maskant scribing, a
specialized laser process for part chemical milling that produces
high strength turbine engine components. The 790XL is a seven
axis system with two rotary tables and Optical Focus Control. 

InnoLas  sign agreement with Vision Gmbh
InnoLas (UK) Ltd has signed an exclusive agreement with Vision
Gmbh to distribute and support its range of integrated laser work-
stations throughout the UK and Ireland. Vision produces compact
machines ideal for welding small components from fine wires to
miniature gears and bearing housings. Class 1 workstations are
also available for applications in the jewellery industry.

India's First Laser Centre
GSI Lumonics has announced that its long-time distributor,
Optilase, has opened India's first laser processing development
centre in the province of Chennai. These new laboratory facilities
are equipped with GSI Lumonics JK series CW Nd:YAG lasers
used with 5-axis motion systems.

The Centre has been recognised by the leadership of the Indian
Welding Society as an important new step in the growth of indus-
trial laser processing in India. Optilase has chartered its new
facility, to be known as Laserline Fabrication, to provide a centre
where welding, cutting and drilling applications can be tested and
developed from proof-of-principle samples through to imple-
mentation and final process refinement.

Alfalas® in-house fair 16 and 17 September 2004
AILU members are warmly invited to see the latest develop-
ments at Tampoprint AG’s laser center in Stuttgart, Germany.
These include demonstrations of the latest applications in laser
marking, the use of additives in marking of plastics, and camera-
based assessment of marks. For further details contact Steve
Thompson at Tampoprint on T: 01189 730500, F: 01189 733310,
E: stevet@tampoprint.co.uk)

Trumpf delivers 10,000th TLV laser
At the beginning of July 2004, Trumpf delivered its 10,000th
laser in the TLF series to a proud end customer. The 10,000th
laser was a 5 kW TLF 5000 CO2 laser, the beam source of a
Trumpf Trumatic L 6050 laser cutting system, a high-perfor-
mance laser cutting system for cutting oversized sheets (6000 x
2000 mm). The purchaser was the job-shop subsidiary Avermann
Maschinenfabrik GmbH of Ichtershausen-Thörey, Germany. It is
already the company's eighth Trumpf laser system. 

The compact and low-maintenance TLF CO2 lasers are at the heart
of the Trumpf laser cutting machines. However, Trumpf also sup-
ply the laser sources to both OEMs and directly to users. 

Rofin invests in fibre delivery
Rofin-Sinar, the German maker of solid-state lasers, has acquired
a 90% stake in Optoskand AB, a Swedish developer of fibre-
optic beam delivery systems. Obtoskand was founded in 2002 as
a spin-off from Permanova Laser System AB. It employs 25 staff
and has a £1.6M turnover.

Spectra Physics partner with SPI
A partnership deal has been agreed between Spectra Physics and
Southampton Photonics (SPI). “This opens our (fibre optic) tech-
nology up to a wider market,” said Stuart Woods of SPI. “As we
grow and mature the partnership will give us access to a larger
sales force and a brand name that is established.”

Alltec becomes a Videojet company
Alltec has announced its acquisition by Videojet, a producer of
product identification equipment, small and large character inkjet
printers, thermal transfer overprinters, low-end laser markers and
product labellers. Alltec is a manufacturer of laser systems for
marking, coding and engraving. The company provides mask
markers with TEA CO2 laser, stroke markers with sealed-off CO2
laser, lamp- and diode-pumped Nd:YAG laser, plus combined
mask/ stroke markers.

The merger allows Alltec to accelerate its expansion plans that
brought the company from a supplier of niche solutions into the
position of a global market and technology leader in its market.

News in brief

News in brief

Issue 36, September 2004 The Industrial Laser User
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Advanced Laser Solutions 
Contact: Jack Gabzdyl
T: +44 (0) 1276 804622
E: j.gabzdyl@adlas.co.uk

Aerotech 
Contact: Simon Smith
T: +44 (0) 118 940 9400
F: +44 (0) 118 981 9401
E: smith@aerotech.co.uk

Alltec UK Ltd
Contact: Rob Leonard
T: +44 (0) 870 7000560
F: +44 (0) 870 7000561
E: rob@allteclasers.co.uk

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

BOFA (UK) Ltd
Contact: Derek Roberts
T: +44 (0) 1202 666789
F: +44 (0) 1202 649922
E: sales@bofa.co.uk

Burrhart Machinery Ltd
Contact: Bill Burrell
T: +44 (0) 1582 563400
F: +44 (0) 1582 493993
E: w.g.burrell@burrhart.co.uk

Camtek Ltd
Contact: Carol Hart
T: +44 (0) 1684 892290
F: +44 (0) 1684 892269
E: sales@camtek.co.uk

Chess Systems Ltd
Contact: Graham Beall
T: +44 (0) 1403 249888
F: +44 (0) 1403 249555
E: Graham.Beall@Chess-Sys.com

Exitech Ltd
Contact: Malcolm Gower
T: +44 (0) 1865 290400
F: +44 (0) 1865 290401
E: m.gower@exitech.co.uk

Ferranti Photonics
Contact: Chris Williams
T: +44 (0) 1382 518200
F: +44 (0) 1382 518228
E: sales@ferrantiphotonics.com

GSI Lumonics
Contact: Riccardo Tomassoni
T: +44 (0) 1788 570321
F: +44 (0) 1788 579824
E: tomassonir@gsilumonics.com

II-VI
Contact: Gareth Rowles
T: +44 (0) 1572 771778
F: +44 (0) 1572 771779
E: ii-viuk@oakham.uk.com

John Tainton
Contact: Roy Harwood
T: +44 (0) 1562 740477
F: +44 (0) 1562 68765
E: roy@johntainton.co.uk

Lairdside Laser Engineering Ctr
Contact: Martin Sharp
T: +44 (0) 151 650 2305
F: +44 (0) 151 650 2304
E: martin.sharp@llec.co.uk

Laser Beam Products
Contact: Mark Wilkinson
T: +44 (0) 1767 600877
F: +44 (0) 1767 600833
E: sales@lbp.co.uk

Laser Lines (I&M)
Contact: Gary Broadhead
T: +44 (0) 1295 672500
F: +44 (0) 1295 672550
E: garyb@laserlines-im.co.uk

LVD UK and Ireland Ltd
Contact: Chris Phillips
T: +44 (0) 1628 897300 
F: +44 (0) 1628 472332
E: c.phillips@lvduk.com

Micrometric Ltd
Contact: Neil Main
T: +44 (0) 1522 509999
F: +44 (0) 1522 501901
E: neilmain@micrometric.co.uk

Photonics Solutions plc
Contact: Douglas Neilson
T: +44 (0) 131 664 8122
F: +44 (0) 131 664 8144
E: doug@psplc.com

Prima Industrie UK Ltd
Contact: Joe Attouni
T: +44 (0) 2476 645588
F: +44 (0) 2476 645115
E: joe@primauk.com

Pro-Lite Technology 
Contact: Peter Blyth
T: +44 (0)1234 436110
F: +44 (0)1234 436111
E: peter.blyth@pro-lite.uk.com

Purex International LLP
Contact: Jon Young
T: +44 (0) 1709 763000
F: +44 (0) 1709 763001
E: jon.young@purexltd.co.uk

Rofin-Baasel UK
Contact: Andy May
T: +44 (0) 870 990 1020
F: +44 (0) 870 990 1030
E: a.may@rofin-baasel.co.uk

Rofin Sinar
Contact: Keith Clark
T: +44 (0) 1482 650088
F: +44 (0) 1482 650022
E: keithc@rofin-uk.com

Scanlab AG
Contact: Viola Schulze
T: +49 89 890 2580
F: +49 89 890 20462
E: info@scanlab.de

SPI (Southampton Photonics)
Contact: Stuart Woods
T: +44 (0) 23 8076 6070
F: +44 (0) 23 8076 0311
E: stuart.woods@spioptics.com

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

Contact details for members’ news items

A team of harp enthusiasts attempting to
reproduce a 4750 year old Sumerian arte-
fact, Lyre of Ur (Harp) from authentic
materials recently approached The
Lairdside Laser Engineering Centre for
some technical help. The centre was asked
to laser engrave original intricate designs
on authentic Gulf Shell (mother of pearl),
which will be used to decorate the body of
the harp.

The preliminary test samples looked very
promising and with patience and dedication
the resultant pieces were “Works of art
themselves” according to Andy Lowings of
Stamford Arts Centre Lincolnshire (Project
Director and Harpist) he also added that as
far as he knew, “This is the first time that
anyone has ever attempted to replicate such
plaques. To have succeeded is a marvellous
tribute to the healthy state of craftsmanship
we still have around in this country.”

Two researchers from the LLEC, Dr
Carmel Curran and Mr Mark Aston who
carried out the work were thrilled to be
part of such an exciting project. Mark said,
“It was fantastic to be involved in the

recreation of such a piece of history. We had never laser processed
this type of material before and the results were remarkable.”
Carmel added, “ It was a privilege to be part of such a positive
venture and we are looking forward to seeing the completed
harp.” 

Sir Leonard Wooley discovered the original harp in a mass grave
at the city of Ur in Iraq in1929. It is now held in the museum of
Baghdad. It is hoped that the replica harp will be played in a live
concert at Stamford later this year.

The Lairdside Laser Engineering Centre at Birkenhead, a joint
development between the University Of Liverpool's Laser
Engineering Group and Wirral Metropolitan Council, is run by a
team of resident laser processing
experts, including specialists
recruited from industry. The LLEC
provides a comprehensive portfo-
lio of laser-based services to UK
industry, including applications
studies, process development con-
tracts, basic and advanced process
training.  

The Laser Engineering Group in
the Engineering department at the
University of Liverpool was estab-
lished in 1988 by Professor W. M.
Steen, and is currently headed by
Professor Ken Watkins. 

Lairdside harps on about lasers!

Laser engraved Gulf shells by 
Lairdside Laser Engineering Centre

The Bull Harp of Ur

Issue 36, September 2004 The Industrial Laser User
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Micrometric, the Lincoln based laser job shop, has invested in a
£400,000 Bystronic Bystar laser machine, which it believes will
give the company a competitive leading edge.

The 4.4kW, fast-switching CO2 laser with rotary axis, replaces an
earlier 2.7kW Bystronic Byflex laser. The Bystar has a 3 x 1.5 m
bed with automatic self-loading pallet, is more powerful and
allows the faster production of slots, holes and apertures and
high- specification components in general sheet metal. The fast
switching provides better control, particularly on the more tech-
nically demanding work, according to Micrometric. 

“The new CNC Bystar laser produces even better value in our
important general purpose sheet metalwork in the small to medi-
um batch jobbing work in both ferrous and non-ferrous materials
as well as opening up new areas of work, including 8-10mm thick
stainless steel and 3-6mm aluminium together with more com-
plex components,” said David English, Micrometric’s operations
manager.

“The new machine
will enable us to
widen and develop
our services to
existing customers
and to be competi-
tive in new areas,”
said Neil Main,
Micrometric’s MD.

New laser investment at Micrometric

Following an initial approach in the summer of 2002, Dundee-
based laser system specialist Ferranti Photonics won an order
from the Accles & Pollock division of Tyco Tube Components to
design, build and install a large robotic precision laser welding
system. It was required to enable Accles & Pollock to supply their
customer, the CERN European Particle Physics Facility near
Geneva, with key components for the Large Hadron Collider,
presently under construction there. These components, many
thousands of stainless steel tubular assemblies, will be built up
into two 27km long rings at CERN. 

Each individual tube assembly is approximately 16m long and
consists of three main tubes that, together with some additional
parts, are laser welded under robotic control. Each tube assembly
requires about 40,000 laser spot-welds that are all to be complet-
ed in less than an hour and to high tolerances. 

Ferranti Photonics has managed the £600,000 plus project to
completion, this included selection of sub-contractors, including
Garrandale Systems of Derby and GSI Lumonics. Following
installation and commissioning in Spring 2003 the system has
now been in successful production for 12 months.

Gordon Freeman, a director of Ferranti Photonics, said, “It is very
pleasing for Ferranti Photonics to have been an enabling factor
for a successful project in the UK concerned with high technolo-
gy manufacturing. As well as delivering a unique product to
CERN, Accles & Pollock now have a state of the art  laser weld-
ing facility for tubular components that will serve them well in
gaining future business” 

Ferranti’s 16m laser welding system
Ferranti Photonics,
Twin Robot, Laser
Welding System in
the Accles & Pollock
facility at Oldbury,
West Midlands

To meet the increasing service demands, steel stockholder John
Tainton is now making Quick Stockë available through all 5 of
their locations.

The Quick Stockë service offers standard size sheets and plates
for same day delivery. These are 1 tonne palletised packs avail-
able ex stock throughout the range of strip mill qualities and
thickness from 0.9 to
12.5mm.

Benefits to customers
include: reduced work-
ing capital tied up in
stock, release of storage
space for other activi-
ties and providing total
flexibility in meeting
demands.

John Tainton expands Quick Stockë

The traditional Aga is mostly man-
ufactured from cast iron, with sheet
metal being used for some interior
parts and the side panels.   The new
Aga Six-Four series uses five times
as much sheet metal as its tradition-
al siblings. To meet this increased
demand Aga-Rayburn invested in a
Trumatic TC5000 punch press with
a Sheetmaster load/unload system.

Aga-Rayburn’s sister company,
Rangemaster, makes range-style
cookers at its Royal Leamington Spa site and kitchen sinks in
Nottingham. Over the past two years it has invested in two
Trumpf TLC 1005 five-axis laser cutting systems  to cut around
deep-drawn pressings for both cooker parts and sinks – a process
that would have previously relied on hard tooled presses. 

As Product Engineering Manager, Roy Cooper explains, “The
lasers mean we can reduce lead times on new products and avoid
the capital outlay required on tools. We can cut from angles that
you wouldn’t normally be able to tool from, so it gives us a lot
more freedom in the design of new products and is ideal if you are
looking at fewer than 10,000 parts a year.”

Rangemaster have also invested in a TRUMPF VMc3 laser mark-
ing system to engrave the control functions on the stainless steel
fascias of their latest cookers. There is a practical benefit in laser
marking but for Rangemaster and most Trumpf customers the
advantage is in the aesthetic appeal of the end product.

Trumpf cooks up a recipe for success

Aga Six-Four series

Members’ News
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For Corby-based Macemain +
Amstad, an LVD Impuls 4030
laser processing system
proved the ideal solution for
its sheet and tube cutting
requirements. Unlike most
adapted flatbed cutting
machines, the rotary axis of
the LVD Impuls range can be
loaded while flat sheet is cut
and vice versa. This was a key
factor in Macemain +
Amstad’s decision to choose
the Impuls. 

From its origins forty years ago as a general sheet metal fabrica-
tor, Macemain + Amstad has developed its expertise into the
design and manufacture of street furniture and architectural struc-
tures for customers that include Network Rail, airport authorities,
local councils and shopping centres. 

Macemain + Amstad first moved into laser cutting when it pur-
chased a combination punch and laser machine. Recognising the
new degree of freedom this gave, the company soon started to
consider investing in pure laser capacity and five years ago pur-
chased an LVD flat-bed profiling machine. Although the machine
performed well, Macemain’s developing product range was cre-
ating new manufacturing demands that it couldn’t meet. Not only
was there a growing need to cut thicker materials, but
Macemain’s main products were incorporating an ever-increasing
proportion of tubes and profiled sections. Despite the inconve-
nience of having to machine these parts either manually or on
conventional machine tools, the amount of work involved could
not justify the investment of a dedicated tube processing machine

The LVD Impuls 4030 combines a 4m flat-bed machine with two
shuttle tables and a rotary axis that can handle parts up to 6m long
and 500mm in diameter. No intervention is required to change
from flat-bed to tube cutting. Users can load the rotary axis while
the machine processes flat plate or load the table while cutting
pre-formed parts or tubes. Says Colin Godfrey: “This is valuable

for us, not least because of the
short delivery times for our
products. We need this flexi-
bility, as we cannot simply cut
sheet one day, then cut pro-
files the next. Our production
is individual and order-relat-
ed. This facility saves us a lot
of time and money.” 

LVD has designed the
machine to make tube and
profile cutting as simple as
possible. To guarantee accura-
cy on parts that may be up to six metres long, components are
supported as close as possible to the cut using interchangeable
modules for different sections. The 3D profiling software can also
be used for flat-bed cutting of pre-formed parts.

LVD’s Impuls range represents one of the most versatile and flex-
ible laser solutions on the market. Models are available in a range
of sizes, both in sheet length and width. The machines use Fanuc
laser sources which are available in powers from 2kW up to 6kW.
Macemain chose the 4kW source, which can cut stainless steel
and aluminium up to 5mm thick and mild steel up to 20mm.

The ability to laser-cut profiles has fed directly back into com-
ponent design at Corby. Being able to create contours at no extra
effort or expense means that new features are being introduced
to simplify assembly.
Once on site, compo-
nents are simply 
slotted together. If
the parts need to be
welded they are
already pre-fixed in
the correct alignment.
The result has been
significant on-site
savings in time and
cost.

LVD’s flatbed and tube cutting proves ideal for Macemain + Amstad

LVDs Impulse 4030 laser cutting sys-
tem can change from cutting sheet to
profiling tube with no downtime

For maximum accuracy, a range of
workholding modules support tubular
components close to the cut

A Macemain + Amstads product

Cimbria Manufacturing A/S of Thisted, Denmark, switched from
their existing US-based CAM system to JETCAM Expert to pro-
gram their existing Trumpf punch, punch/laser combination and
Messer Griesheim machines. 

JETCAM Expert Premium with MRP interface was installed and
was integrated seamlessly with Microsoft Navision C5
(Concorde) XAL MRP system. This integration provides JET-
CAM Expert with an up-to-date list of jobs with parts to program
and/or nest. A year later they purchased two Bystronic laser
machines, for which postprocessors were purchased. 

Per Vesterby, Programmer, said; “I learned JETCAM in just
two days. I found it is very easy to move jobs between
machines. If the Trumpfs are overloaded I can generate code for
the Bystronic in 1-2 minutes. For me JETCAM is clever. When
making a drawing, JETCAM’s CAD facilities allow me to do
most amendments quickly within the software instead of having
to use AutoCAD.”

In 2004 Cimbria updated to the latest user release, which deliv-
ered two major new features - enhanced bump nesting and intel-
ligent lead-ins.  Of the bump nesting Per commented; “Every time
we need to put a new part onto an existing nest we use bump nest-
ing. If I can’t drag and drop the part onto the nest I know there’s
not enough space - simple.” Intelligent lead-ins provided more
surprising improvements, however. “With intelligent lead-ins we
are saving between 15-20% of machine cycle time, which across
the two Bystronic machines equates to 2 -21⁄2 months of addition-
al capacity per year!”

With steel prices continuing to escalate, Cimbria also wanted to
optimise material usage and subsequently purchased JETCAM’s
high performance nesting engine (FFHPN). “We are seeing around
5% saving on all nests,” said Per. Our material costs are easily over
Euro 1.2M per year, so the new nester paid for itself in less than a
month and is now generating clear and tangible profits. Queuing
nests also freed up at least an hour of my time every day.”

Cimbria reclaims machining time through CAM software update

Members’ News
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Intel Corp. recently revealed two significant milestones in the
development of extreme-ultraviolet (EUV) lithography, a tech-
nology for making future microprocessors. The company
installed the world's first commercial EUV Micro Exposure Tool
(MET) from Exitech and is setting up an EUV mask pilot line,
marking the move of this technology out of research and into the
development phase.

The Exitech MET uses 13.5-nm EUV light and is capable of
exposing 30-nm isolated lines. Intel will use it to prove out the
EUV photo resists and masks.  The installation of the tool at the
company's RP1 (research and pathfinding) fab brings EUV to
what Intel calls the "path-finding" stage prior to high-volume
manufacturing, said Sunlin Chou, Intel's senior vice president in
charge of manufacturing and technology.

Using reflective optics, the 13.5-nm light is directed to the wafer
by precisely coated mirrors made by Carl Zeiss AG (Oberkochen,
Germany), with 40 multilayers of silicon and molybdenum to
reflect the EUV wavelength. With a field size of just 600 µm2,
only two polished mirrors are needed rather than the six mirrors
that will be required for a full-field commercial tool.

Intel aims to print circuits with feature sizes as small as 30 nm, in
preparation for the 32nm chip making node which is projected to
go into volume manufacturing in 2009. By contrast, the smallest
feature size being printed today in Intel's manufacturing facilities
measures 50 nm.

The EUV source is a discharge-pulsed plasma (DPP) source from
Xtreme Technologies GmbH, a joint venture between Lambda
Physik AG and Jenoptik AG with operations in Jena and
Gottingen, Germany.

Exitech helps Intel’s EUV drive

Quintessence Photonics
Corporation of Sylmar,
CA, USA has success-
fully demonstrated a
prototype 2 dimension-
al monolithic high
power array that emits
light from the surface
of a semiconductor. The
optical output from 75
surface emitting laser
diodes arranged in a 3 x
25 matrix achieved over
100 Watts continuous
output. 

QPC’s UK agents Pro-
Lite point out that this
development will allow
miniaturisation and sig-
nificant cost reduction of laser diode components used in numer-
ous industrial, military and medical applications. Complete
water-cooled components can for the first time be constructed in
flat, simple geometries. Unique features of the semiconductor
design, possible only with surface emitters, will also permit
higher optical brightness and reliability to be achieved.

KW diode arrays under development 

Photo shows a prototype demonstrator with
10 stripes of 22 diodes. Each stripe is effec-
tively a 30W bar with its output internally
reflected to emit from the surface and not its
edge. This device is not a stack of joined
emitters but a single element of semiconduc-
tor material. The device shown will not oper-
ate at these power levels as it will require
additional heat sinking and is shown to illus-
trate the surface emitting concept only.

Rofin-Sinar's Laser
Macro Group have
introduced the new DL-
Q series second-genera-
tion high-power laser
diodes, which offer a
spot size of about 1.3 x
0.8mm at a focal length
of 66 mm, and output
powers between 700
and 3100W. The size of
the head is as small as 555 (including optics) x 260 x 200mm and
the weight is just 25 kg. It can be directly mounted onto a robot. 

The lasers feature online power measurement, an integrated mon-
itoring function for enhanced uptime of the diode stacks, IP-54-
compliant housings and a positioning laser that is available in a
green wavelength. Typical lifetime is more than 10,000 operating
hours. Applications include hardening, surface treatment,
cladding, brazing and heat conduction welding.

Rofin’s new high power diode lasers

New Series High Power Diode Laser

Alltec, a leading manufacture of laser
systems for marking, coding and
engraving, is introducing its new
generation of diode- (ALLPRINT
DN A-series) and lamp-pumped
(ALLPRINT LN A-series) Nd:YAG
laser markers. Marking speeds of
both series are up to 30,000 mm/s and
1,300 characters/s. Fast moving prod-
ucts  (up to 15 m/s) can be marked
’on-the-fly’. This gives access to
applications that were – due to speed
reasons – impossible for Nd:YAG
laser markers.

The new diode and lamp-pumped
series both offer high laser power combined with excellent beam
quality  Flexibility is also gained by cutting-edge controller tech-
nology: real-time operating system, digital signal processors for
fast and safe data processing and exchange, internal CAN bus and
Ethernet communication between PC and marking system. Alltec
also claim that their new series markers are more economical and
reliable due to the exclusive use of modules optimized for
longevity and hassle-free operation.
The sealing of all housings allows for
safe longterm operation, including in
critical environments. 

The application spectrum of the ALL-
PRINT DN/ LN A-series systems is
broad. Examples include gear parts,
fuel injection nozzles, radio bezzles
in day & night design for automo-
tives, water and pressure fittings,
tools such as drills and milling heads,
surgical instruments and implants,
computer keyboards, identity cards
and tags.

Alltec’s new Nd:YAG laser markers

ALLPRINT DN50A: novel
diode-pumped 50 W Nd:YAG
laser.

ALLPRINT LN100A: novel
lamp-pumped Nd:YAG laser,
power class 100 W
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To further  increase sales and to offer more support for growing
markets, Purex International, manufacturer of laser & solder
fume extraction systems have recruited additional staff.

Graham Mattok, promoted to Commercial Manager comments,
"Last year saw the company deliver it's best sales figures in its 20
year history. This is mainly due to an increased focus on new
fume extraction technology and new markets. Already this year
looks set to be another record breaker, so we have put three new
members of staff in place to deliver additional customer support."

Left to right are Stephen Jones (Export Sales Engineer), Graham Mattok
(Commercial Manager), Debbie Emery (Direct Marketing Assistant) and
Natalie Hans (Customer Liaison Co-ordinator).

CADCAM developers Camtek have today announced the
appointment of Bob Metcalfe as Sales Engineer for the North-
East of England. 

Previously Bob Metcalfe served as Technical Director for an
EDM contract company. Bob began his manufacturing career by
serving an apprenticeship and going on to employment as a tool-
maker at a leading precision pressing and moulding manufactur-
er, Presswork Metals in Co. Durham.  His experience also
includes roles in educational and training establishments, deliv-
ering hands-on CADCAM and CNC machine operations tuition
to both UK and overseas students.

"In my previous role I had used and recommended PEPS, so it
felt like a natural progression when the opportunity to work for
Camtek arose,” said Bob. “Having worked both sides of the fence
I understand exactly what users are looking for."

Camtek appoints Bob Metcalfe

Expanded sales team for Purex

Martin Bell joins Rofin-Baasel this month as
Senior Sales Engineer for the Laser Marking
Group. Martin has over 10 years experience
with industrial lasers and laser engraving, as
well as 5 years sales experience within the
laser and photonics industry. 

Previous employment has given Martin
extensive specialist knowledge related to all
aspects of systems: lasers including
upgrades and custom-specific systems,
optics, mechanics and electronics. Martin
has also dealt with customers across many and varied industries,
including microscopy, semiconductor manufacture and inspec-
tion, life sciences and universities. 

Martin Bell

Rofin’s new sales engineer

Advanced Laser
Solutions Ltd has
appointed Dr Jack
Gabzdyl as their
Managing Director.
Jack has over 20 years
of industrial laser expe-
rience, most recently
with BOC, and has been
involved with AILU
and Make It With
Lasers for many years. 

Advanced Laser Solutions manufactures a range of innovative
beam monitoring solutions. Available as stand-alone units or kits
for OEM system integrators, the UM series offers users a simple
solution for in-line and on-line measurement of key beam param-
eters such as beam diameter, pointing stability and mode quality.

“We are very happy to have Jack join us,” said Dr Bill O'Neill.
”His broad international exposure to industrial laser applications
and appreciation of the problems laser users face will be key in
commercialising our new product range”

Jack leaves gases for beam monitors

David Brendan Malins
David Brendan Malins has worked on test & evaluation in the
defence industry, gained an MSc in Photonics & Optoelectronics
at St Andrews University and is presently involved in research
there. He has a wide background in laser technology and is keen
to return to work within the laser development industry, with a
particular interest in commercial lasers for practical applications.

David’s particular interests include work on pulsed systems using
both passive and active mode locking principals as well as Q-
switching; the development of CW and pulsed lasers, including
tuneable solid-state lasers, and the use of harmonic and paramet-
ric generation techniques in lasers for materials processing.

David can be contacted directly on T: 01334 42 8675; M: 07760
401338; E: Dbm5@st-andrews.ac.uk

A CV is available from the AILU office 

Situation Wanted

BOFA International Ltd
has recently promoted of
one of their best young
employees. Tony Broom
has been with BOFA
from an apprentice, and
has been promoted to
chief technical officer in
their new laser fume
extraction R&D facility
in Dorset, U.K. 

“I look forward to my new role within BOFA International, and
helping them to remain at the forefront of technical advancement
within the laser fume extraction industry,” said Tony. 

Mr Christian Cornell, BOFA’s Director of Operations commented
“Tony has always been an integral part of our manufacturing team
and he has earned the respect of all his co-workers.”

Bofa’s new chief

Tony Broom

Jack Gabzdyl (left) with Bill O’Neill
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Chess Systems Laser division designs and manufactures laser sys-
tems for a multitude of applications. Their expertise lies in devel-
oping marking, cutting and welding solutions to customer require-
ments from a basic concept through to delivery and commission-
ing. Chess initially produce samples in conjunction with their key
laser partners using customer supplied material to determine suit-
ability and then discuss how the material can best be handled. 

“We can advise on the best type of laser for the job and can advise
on suitable machine solutions,”said Chess MD Graham Beall.
“We strive to combine functions into the laser process: for
instance, a test before marking to ensure that parts will be cor-
rectly marked or perhaps a subsequent inspection process before
delivery to the next stage. Our emphasis is on creating a bespoke
machine that completes the task
efficiently,” he added. 

Examples of Chess systems
include the PL10, a popular
machine with companies wishing
to process small batches of high
value components such as during
development; and the new PL22,
which offers a variety of loading
options and handles medium to
high volumes particularly well.

For companies wishing to mark
a range of different products,
Chess offers the PL60 Puck
Transfer System and PL500
Rotary System. The PL200 Tray
to Tray system is designed for
the semiconductor industry, for
large-scale processing in high
demand situations. The
PWS1500 welding system is
used primarily in the automo-
tive industry but has the poten-
tial for use in other applications.

“Chess can help users meet the
most demanding requirements,”
said Graham. Examples
include: inline processing;
marking irregular objects with
unique identifier codes that
must be placed in precise loca-
tions; marking codes that are
generated from a database within the manufacturing process; laser
reading of codes in real time and, once marked, inspecting and
verifying; coping with production runs at 20,000 uph. 

Chess offers flexible solutions to laser integration 

PL10 laser processing machine

(upper) the PL200  tray-to-tray sys-
tem and (lower) the PL60 puck
transfer system

Laser Lines, UK agents for Synrad, offer four typical marks
obtained when using CO2 lasers to mark plastic tubing.

TYGON® is a clear laboratory/chemi-
cal grade of PVC tubing which pro-
duces a lightly engraved, high contrast
mark. Other types of PVC tubing and
PVC coated wire also exhibit nicely

contrasting marks. The contrast, or colour change, is induced by
heating of the substrate. 

Urethane (green) tubing provides an
engraved, non-contrasting mark where-
as Nylon 11 (red) tubing exhibits a
slight contrast caused by a combination
of engraving and a light melt-back on
each side of the depression. 

The last example, Polyethylene (blue)
tubing, provides a slight contrast caused
by yet another type of marking mechanism - surface melting.
Instead of engraving by material removal, the polyethylene tub-
ing melts at the surface, changing density and volume. This prop-
erty change on the tubing surface creates a raised mark. 

CO2 laser powers used for the above
marks were 14W on Tygon and
Urethane, 26W on Nylon 11 and 26W
on Polyethylene. Other dark-coloured
plastics and polycarbonates typically

exhibit engraved marks; but at powers less than 10W they will
also mark through the surface melting mechanism, creating a
high contrast mark. Synrad lasers are available with full technical
support and applications advice in the UK from Laser Lines
(Industrial & Medical) Ltd.

TYGON Tubing

Nylon 11 tubing

Polyethylene Tubing

Urethane tubing

Rofin, a market leader in the design and manufacture of laser
marking and coding solutions, explains the benefit of matrix...

The matrix code, unlike regular codes or stacked bar codes, is
made up of individual elements or cells of equal size. These cells
form a matrix similar to a checkerboard. Most often this matrix is
square, but elongated rectangular codes are sometimes used if the
space available is restricted in one dimension. The information is
stored in the matrix by the selective placement of the black and
white (or dark and light) cells. Because this matrix can be made
very dense, a large amount of information can be held in a very
small area, as illustrated below. 

The matrix code is the answer when you need to mark a manu-
facturer's ID onto a component with a marking area only slightly
larger than a pin head: for example a circuit board or medical
component. Two-dimensional readers employing CCD cameras
are needed to read the symbology and are available off the shelf
from a wide variety of sources.

For traceability, authenticity, and critical identification, more
industries are turning to ID Matrix codes to replace bar codes.
Primarily the electronic, automotive, aerospace and medical indus-
tries have the greatest needs. Because of its small size and large
information capacity, 2D matrix symbology is leading the way in
these industries. And laser marking is probably the most flexible
way of directly printing these codes onto product or product pack-
aging. Laser marked codes also have the advantage that they tend
to be very permanent, highly resolved and add no inks or labels. 

Laser Lines show CO2 plastic markingRofin push for ID matrix coding

Comparison between barcode and DataMatrix.  Both the coding
examples contain the same information: “WELCOME TO THE
WONDERFUL WORLD OF LASER”
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Freeman & Proctor Limited, based in Nuneaton, Warwickshire
manufacture custom pipe assemblies for aerospace and automo-
tive customers such as Rolls Royce, Bentley, Aston Martin and
Prodrive. Their previous MRP system was starting to show its age
and rather than opting for a costly update they opted for Camtek’s
123MRP and were able to implement the system themselves and
were live in under four weeks.

When working with industries such as Aerospace, traceability is
paramount. F&P hold both ISO9000 and several manufacturer
accreditations. Commented Phil Boffin, F&P’s Commercial
Manager, “We have replaced our previous hand-written job card
system with 123MRP’s picking list, which contains all of the
information we need. We expect to reduce the average picking
process for a complex order from 20-30 minutes to less than 5.”

F&P are keen advocates of both lean manufacturing and lean
accounting, therefore minimising the processes and paperwork
involved from order to invoice is critical. Phil added, "123MRP
has been instrumental in reducing the lead-time throughout all
departments; from order entry, planning right through to invoic-
ing. For example, we noticed an immediate improvement in the
way we can despatch and invoice our customers. Previously one
despatch note would require one invoice. If we take the rollover
kit for the World Rally Car, which comprises of 60 items, this
might be delivered in several drops - with 123MRP this can
appear on a single invoice. As a result we are generating at least
100 invoices less per month. And with data entry across all
departments also seeing improvements of around 50% this is sav-
ing us several man-hours in each department per month. All of
these savings have a positive knock-on effect and we estimate we
will see overall lead-time reductions of between 10% and 20%."

As with any business, the ability to analyse the performance of
any part of your production is crucial. "For us the flexibility of the
reporting was a key factor in the decision to choose 123MRP.

Demands change as to
what we want to see daily
and we can now easily
work with live data. There
are many reports we can
do now that we couldn’t
before and we are still
learning the depths of how
far we can analyse data."

As an Investor in People,
Freeman and Proctor
believes in redirecting spare resources to better use within the
business. Phil concluded by saying, “123MRP simply gives us
more capacity with the resources we have in terms of reducing
leadtimes across all departments. This can then be channelled into
more proactive areas, and also allows us to react quicker to our
customer’s demands.”

Rent-I.T. announce more free 123MRP evaluation workshops
Rent-I.T. Systems UK Limited is offering several dates for free
evaluation workshops for companies considering implementing a
production management system. The events, hosted at the compa-
ny’s headquarters in Southampton demonstrate the features of the
123MRP production management system and show users effective
methods of evaluating and implementing any MRP system.

Evaluation workshops will be run on 23rd September, 28th
October, 25th November and 16th December. Each event starts at
10.00am and runs for approximately 2 hours. Attendees are wel-
come to stay afterwards to discuss questions on a one-to-one
basis.

Companies can register for free at www.rent-it-systems.com or by
calling 023 8086 1003. Spaces are limited so early booking is 
recommended.

Automotive company installs Camtek system in record time.

The new varioSCAN FC is
Scanlab’s latest offering in
the multi-kilowatt scan
solution market.

The varioSCAN FC is a
dynamic focusing unit that
quickly and precisely posi-
tions the laser focus along
the optical axis.
Combining it with a
powerSCAN-series 2D
scan system forms an exceptionally flexible 3D scan solution for
applications such as remote laser welding.

High-power fiber-coupled solid-state lasers easily attach directly
to the varioSCAN FC via commonly available fiber connectors.
Air and water cooling connections facilitate stable and safe
varioSCAN FC operation with laser powers in excess of 5 kW.

The varioSCAN FC’s variable collimator ensures virtually con-
stant focus diameter throughout the entire working volume. The
collimator’s lens system is positioned quickly and precisely by a
linear drive, combining an extended range of motion with
extremely high acceleration values.

varioSCAN focusing unit

Scanlab has extended its dynAXIS  gal-
vanometer product range with the
dynAXIS® L.

The motor section of each dynAXIS® is
ideally matched to the inertial load present-
ed by the mirror and the new dynAXIS® L
is ideal for 20 to 30 mm mirror apertures,
resulting in the smallest focus diameters
even with large image fields. SCANLAB’s
dynAXIS® galvanometer range is now
available for use with apertures ranging
from 5 to 30 mm.

The optimized rotor design is largely respon-
sible for the favourable dynamic properties
and resonance characteristics. As with all the
dynAXIS® series, the L is tailored to handle the requirements of
laser materials processing, with  features such as high-accuracy
position detection and exceptional long-term stability. 

The dynAXIS® L forms the basis of SCANLAB’s hurrySCAN®
20 and hurrySCAN® 25 scan heads, used in applications such as
welding, soldering, micro-via drilling and in marking applica-
tions requiring maximum focus quality. 

dynAXIS L - High per-
formance galvo scanner

Scanlab’s new laser welding unit High performance Scanlab scanner
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ATS125 motorised linear stage
Aerotech’s new ATS125
motorised linear stage com-
bines high performance and
rugged construction with
flexible configuration
options. Performance
includes 600 mm/sec travel
speed and a choice of stan-
dard or precision ball
screws for up to ±1.0mm
repeatability. Featuring a
unique integral motor design that eliminates failure susceptible
couplings and improves servo performance, the ATS125’s hard
cover and fully sealed construction is ideal for a wide range of
manufacturing production and test applications. 

The ATS125 series is available in travel ranges from 50mm to
600mm with a nominal stage width of 115mm and low profile
height of just 60mm. The direct load carrying capability is up to
45Kg and X-Y mounting is easily achieved with a choice of fac-
tory aligned orthogonality options to suit the application. 

ASR1100 precision rotary stage
Aerotech's new ASR1100
precision rotary stage with
integral collet chuck pro-
vides high throughput pro-
duction solution for high-
throughput precision
machining of small diame-
ter components. Featuring a
pneumatically operated
collet chuck and a clear

aperture for product feed-through, the stage has a direct drive
brushless servomotor with an integral high resolution encoder,
providing smooth motion and precise positioning for exacting
small diameter and precision tubular components. The ASR1100
has been developed to meet and exceed the demands of the med-
ical stent market but can be applied to many other high vol-
ume/high precision applications where low cost of ownership is
of prime consideration.

MaskAlign 100
Aerotech's MaskAlign 100
photomask alignment stage
is a low profile, three axis
positioning system including
a standard interface for a six-
inch mask and an integral
vacuum groove for mask
retention. By integrating the
three axis positioning stage
into a compact design, the
MaskAlign100 series offers an inherent advantage over traditional
stacked systems; offering manufacturers of semiconductor, MEMS
and flat panel display production equipment, a bolt-on, machine-
ready solution for photo mask based writing systems. 

All the above systems are supplied complete with cables and all
performance and calibration related documents plus a CD with
full interconnection drawings to help integrators with their own
system documentation. In addition, all motor parameter set-up
data for system configuration is included, making commissioning
straightforward. These features are standard for every Aerotech
product and with full product training and comprehensive on-line
technical support, the true cost of ownership is extremely com-
petitive.
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MaskAlign 100 photomask alignment stage

Aerotech’s new ATS125 motorised linear stage

ATS 125 motorised linear state

ASR1100 precision rotary stage

High Q Laser of Austria
have introduced new prod-
uct names for their entire
product range of ultrafast
lasers. 

High Q offer a complete
range of all-diode-pumped,
solid-state pico- and fem-
tosecond oscillators and
regenerative amplifiers.
The company has cate-
gorised its laser systems
into four product series: two series of compact, all-diode-pumped
pico and femtosecond oscillators (the picoTRAINTM and
femtoTRAINTM series), and two series of pico and femtosecond
all-in-one regenerative amplifiers (the picoREGENTM and
femtoREGENTM series).

High Q Laser ultrafast lasers emit in the range of 266 nm to 1340
nm and are available up to 10 W with repetition rates from 1 kHz
to 1 GHz. High Q Laser uses user replacable diode module
(URDM) pumping and passive and self-starting SESAM mode-
locking. The High Q Laser technology inherently leads to excep-
tional high temporal and spatial stability in a TEM00 beam profile. 

New High Q’s from Photonic Solutions
Photonic Solutions
announces the release of its
newest ultrashort pulsed
fibre laser product line, the
FCPA µJewel from IMRA
America Inc.

The FCPA µJewel family
offers microJoule level
pulse energy at near
infrared wavelength at a
high repetition rate (10kHz to 5MHz). This is the first femtosec-
ond laser that offers microjoule energies with widely variable
repetition rates in a single-box package, which requires no align-
ment during installation.  The FCPA µJewel offers a “plug-and-
play” solution which can be user installed by simply connecting
an umbilical cord; no water-cooling is required. 

The new FCPA µJewel ultrafast fibre laser product line will have
a revolutionary effect on the precision micromachining of mate-
rials for the semiconductor and biomedical industries, as well as
enable a host of other emerging application areas. The unique
ablation properties of femtosecond lasers render higher precision
in micromachining with reduced thermal effects, as well as a
reduction in debris, recast, and burring.  

Photonic Solutions new fibre laser

FCPA µJewel ultrashort pulsed fibre laserUltra Compact packaging version of
our low to medium power lasers
femtoTRAIN and picoTRAIN
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Pro-Lite Technology LLP has
released the VisIR2-ULD
from German OPO special-
ists GWU. The VisIR2-ULD
(standing for Ultra Low
Divergence) provides broadly
tuneable, medium linewidth
laser radiation in the 400-
2500nm range with a beam
divergence of just 0.5mrad
for applications where the
beam is to be delivered over a long distance, for example in mul-
tipass absorption or atmospheric LIDAR applications.

The ULD model is available with optional second harmonic gen-
eration and separation unit with motorized scan control with on-
board self-calibration using GWU’s new Lambda-Meter accesso-
ry. This extends the tuning range of the OPO down to 210nm.

The VisIR2-ULD is available as a stand-alone OPO for pumping
by the user’s own Nd:YAG laser. Alternatively, Pro-Lite offers a
compact OPO-Integra package (pictured) which seamlessly com-
bines the OPO and pump laser into a single, pre-aligned and
space-efficient package, ideal for applications where the OPO
needs to be transported, such as in-field LIDAR experiments.

VisIR2-ULD

Burrhart Machinery UK
agents for Ophir’s range of
laser optics, displayed an
impressive range of optics at
MACH 2004 including the
Black Magic Duralens™
optics for CO2 lasers.

Claimed as a revolution in
CO2 laser optics, the Black
Magic Duralens™ is a Zinc
Selenide lens with a unique
anti-reflective (AR) coating, giving the lens its distinct black
appearance. 

“The Black Magic coating helps the lens withstand back splatter
and the lens requires less cleaning during machine use,” said
Adrian Greenwood, Burrhart’s Northern Area Sales Manager. 

Key specifications for the ZnSe lens include bulk absorption
<0.0005cm-1 at 10.6µm, surface quality 20-10 scratch-dig or bet-
ter and thickness and diameter tolerances better than 0.1mm.  

Ophir also point out that the optic coating is ‘radioactive free’,
unlike the usual AR coating of Thallium Fluoride, which is a
weak alpha emitter.

Black Magic from Burrhart

II-VI has recently
launched a new web
site dedicated to CO2
laser and infrared
optics.

http://iiviinfrared.com/

The highly effective
pull-down menus pro-
vide rapid access to
product specifications
and explanations of the extensive range of company capabilities. 

There is also to be found a most useful list of publications and
tutorials covering such topics as an introduction to lenses, lens
shapes and aberrations, polarisation, pressure loading and
instructions for cleaning.

II-VI new infrared optics web site
Laser Beam Products Ltd have extended their range of CO2 laser
mirrors made from Copper and Silicon to include Molybdenum
mirrors.

Molybdenum has long been known to be the most durable and
rugged material for CO2 laser mirrors, but the difficulty in pol-
ishing such a hard metal has limited their availability in the past.
However, by adapting chemical polishing techniques, LBP now
offers Moly mirrors with exceptional surface quality, and short
delivery. 

“Reworking of used mirrors to this new standard is particularly
cost effective,” said Mark Wilkinson, Managing Director of LBP.

Users of CO2 lasers in welding or other “dirty” processes users
will appreciate the benefits of such a hard mirror surface.
Cleaning the mirror with a toothbrush, or even in a degreasing
bath is possible.

Adrian Greenwood displaying the Black
Magic Duralens™ at MACH 2004

Moly mirrors from LBP

Where safety requires that areas be visually searched prior to
laser or machine operation, a Zistos product may be the answer.

Zistos offer a complete Vehicle Search Kit for use at security
checkpoints. This kit features the popular “WalkAbout” portable
video display with other accessories including telescoping pole,
under vehicle inspection trolley, self illuminating cameras, chest
harness, battery and battery charging unit all contained in a
portable carry case. The vehicle Search Kit allows the user to
change from a pole camera configuration to look high on top of
vehicles and in obstructed cargo areas, to a rolling trolley camera
to look at the vehicle under carriage increasing inspection safety.
No climbing to look high and no kneeling to look low.

The Zistos system makes searches more accurate, faster, safer and
more adaptable over a broad range of situations. 

Zistos Search Systems from BFi
BFi OPTiLAS Ltd, agents of LaserVision, a leading company in
laser protection, now have available a new training software.
LIMITS is an interactive informative tool that acquaints users
with laser classes, primary and secondary hazards and protective
measures when using lasers. 

LIMITS is designed for users of all laser applications (medical,
industrial, metrology, telecommunication, research) and is an
excellent tool for laser safety officers who would like to brush up
their knowledge or want to prepare for training their colleagues. 

The contents of the CD can be approached separately and the user
can decide on the order in which to approach the subject and can
select from video and animated presentations. A comprehensive
glossary is also included and there are test questions for users to
check their understanding of the subject.

BFi offers LIMITS  safety software

Enhanced quality from Pro Lite OPO
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When Mike asked me to write this article I recalled
having written on the topic previously for AILU,
but when I looked back I was surprised to find that

it was over 8 years ago, back in Issue 4! That article only cov-
ered Nd:YAG lasers so this time I have attempted to cover all
of the popular materials processing laser types, whilst still
drawing heavily from the earlier article with suitable updates.

The most common cost saving benefits are reviewed so that a bal-
anced cost and benefit analysis can be made. This should help
those considering investment in a laser system to make an accu-
rate financial justification. It will also assist those who have
equipment and wish to quantify their operating costs better. 

Costs can be divided into the “one-off” capital and installation
costs, and the recurring operating costs. The latter vary with the
running time or the operating power of the laser, or both - where
possible guideline costs have been included. I have written soft-
ware utilities to allow easy generation of operating cost data that
are available for a number of lasers through their respective laser
suppliers. Other suppliers have their own versions of operating
cost software, so it is worth asking your chosen supplier whether
they have software for the relevant laser model before proceeding
to work out costs manually.

Capital equipment and installation costs
The laser source is normally used in conjunction with a range of
other equipment such as that listed in Table 1.

Laser sources for materials processing cost from around £20k for
a simple 20W Nd:YAG spot welding laser or 200W sealed CO2
cutting laser, through £100k for a 2kW CO2 cutting laser, to over
£350k for a 4kW diode-pumped CW laser. The workhandling can
vary from a few thousand pounds for a simple manually loaded
rotary fixture, to hundreds of thousands for a fully automated high
volume production cell. For maximum benefit it is important that

all parts of an installation are well matched and correctly speci-
fied. It is therefore essential to get recommendations from laser
equipment suppliers on the type and power level of laser source
that is best suited to your application. Detailed quotations will
normally be obtained for the laser equipment, and also the work
handling, but it is important to ensure that all related support
equipment and installation costs have been fully budgeted. Table
1 can be used as a checklist of items that may be required.

The availability of flexible fibre optic beam delivery systems for
solid-state lasers means that they are frequently selected for 3-D
processing applications. These typically have complex work/beam
manipulating requirements - often requiring customised workhan-
dling equipment. First time users are frequently tempted to per-
form their own systems integration in these circumstances since
this appears to offer significant cost savings. However, any appar-
ent capital cost savings on the components are frequently more
than eaten up by design, integration, de-bugging and re-design
costs along with production losses due to timescale over-runs.
Additionally, in the event of an equipment failure, repair times and
costs can be multiplied by the difficulty of identifying which piece
of equipment is actually at fault. For these reasons experienced
users will generally purchase a “turnkey” package from an estab-
lished systems integrator who can offer a fixed price contract and
a single point of contact for maintenance. In some cases the laser
manufacturer may also be a systems integrator.

The purchase of spare parts will normally depend upon the level
of usage and criticality of the application. For a “stand-alone” low
volume application where some processed parts can be stock-
piled it may only be necessary to hold stocks of consumables -
especially while the equipment is still under warranty. However,
if the application is a key part of a continuous-flow production
line then the production losses incurred waiting for the shipment
of a spare part are likely to be unacceptable. In such a case it is
prudent to invest as much as 10% of the capital cost of the equip-
ment in spare parts holding as recommended by the supplier(s).
This cannot guarantee that production time will not be lost (only
a back-up system can come close to that), but should greatly
reduce the chances of an extended stoppage.

Finally, do not forget the cost (and time) for site preparation and
the installation of utilities required to support the laser equipment.
In the case of a high power laser the cost of installing ~100kW
electrical supplies, cooling water pipework and fume extraction
ducts is not trivial, and the lead-times can be long.

In the case of purchased equipment, the total capital cost is nor-
mally converted into an hourly cost by amortisation over an
extended period according to individual company policy. This is
typically two to five years, but can be as long as fifteen years.
Some companies prefer to lease equipment through a finance
company, in which case the annual cost of the equipment will be
clearly defined. 

Key Elements of Cost of Ownership for a Laser System
Keith Withnall

Keith Withnall Associates Ltd
2 Hillside    West Haddon    Northampton  NN6 7BP UK

T: +44 (0)7751 012001     E: keith@kwa.biz

Table 1: Typical Capital Purchase Items
Laser

Beam delivery

Workhandling (including safety enclosure)

Controller or CNC

Jigs and fixtures

Water chiller

Gas supply and handling equipment (laser/process/purge)

Inspection equipment

Site safety survey costs

Safety equipment (fume extraction, CCTV, safety goggles)

Spare parts

Installation and commissioning costs

Installation of services (electricity, water, gas, ducting)

Operation and maintenance training

Site preparation (concrete machine foundations, etc.)



19

Business

Issue 36, September 2004 The Industrial Laser User

Operating costs
Operating costs can be broadly categorised as those that are
laser dependent (laser gases, flashlamps, electricity, cooling
water, etc.) and those that are process dependent (shield gas,
lenses/protection slides, operator’s time, etc.). A summary is
shown in Table 2. 

We will now look at these and develop guidelines to estimate run-
ning costs when actual figures are not available.

Laser Gas Costs vary significantly between the different CO2
laser technologies and how the gases are purchased. The supplier
should be able to provide reliable data but as a rough guide they
range from about 10p/hr for a 2kW slab CO2 laser to 20-40p/hr for
a similarly rated flowing gas CO2 laser.

Flashlamp Costs will often be the largest single running cost for a
pulsed YAG laser. This is also the most difficult to estimate since
a pulsed laser has a very wide operating range. Flashlamp life is
strongly dependent upon the peak power, pulse energy, average
power and duty cycle of the laser. Even the laser manufacturer
may not be able to provide an accurate forecast of the operating
life of the flashlamps if the application is a new one. Where the
supplier has access to data from installations running with similar
laser parameters, these provide the best guideline. Alternatively,
suppliers should be able to provide graphs similar to that in 
figure 1, which shows the typical flashlamp life for a laser at var-
ious operating parameters.

Life data for pulsed lamps will often be in number of “pulses” or
“shots” and will need to be converted into hours by dividing by
the repetition frequency (Hz), the duty cycle (if the laser does not
pulse continuously) and 3600 for the number of seconds in an
hour. Failing any of this, a figure of 150 operating hours is a use-
ful starting point for flashlamps in a pulsed laser.

For high power lamp-pumped CW lasers the arc lamp life is usu-
ally in the range of 500 - 2000 operating hours. It is also more
strongly affected by stop-start cycles and average power than for
pulsed flashlamps and will be best in continuous production
applications with steady operating conditions running at less than
maximum output power.

The lamplife in hours can be divided into the cost per lamp (typ-
ically £120-250 each depending upon type and quantity),  mul-
tiplied by the number of lamps in the laser (typically 1, 2, 4 or
8), to get an hourly rate. Allow 5-10 minutes labour cost for
changing each pair of lamps. Alternatively a very rough rule-of-
thumb is to allow £2/hr for lamp cost for a pulsed laser of any
power level and £0.75/hr for lamp cost for a CW laser per kW
of output power at 100% duty cycle.

Laser Diode Costs although they may last for much longer than
flashlamps laser diodes do eventually have to be replaced.
Quoted lifetimes range from 10,000hrs for the diode bars/stacks
used in diode lasers and diode-pumped rod lasers, to 50,000hrs
or more for diode-pumped fibre lasers using single emitter
diodes. The latter may exceed the planned working life of the
laser, but in the former case it may be necessary to make one or
more diode replacements. The cost of these can be up to £30,000
per kW of laser power for a diode-pumped CW laser so it is
important to quantify it and budget accordingly. 

Note that even under warranty you may be expected to con-
tribute towards replacement diode costs - typically after the first
2,000hrs.

NOTE: L,M or H indicates the relative importance of that cost within that particular laser technology - it is not valid to compare these rel-
ative costs between the technologies. V indicates a variable cost. A dash implies that the cost is not applicable.

TABLE 2: Typical operating cost items and their CO2 Pulsed LP CW DP Rod DP Fibre Diode
relevance within each laser technology. YAG YAG or Disk Laser

Laser gases (flowing gas CO2 lasers) L L - - - -

Flashlamp or arc lamp replacement (lamp-pumped YAG) - H H - - -

Diode replacement (diode-pumped solid-state lasers) - - - H L H

Electricity (for source and chiller) - standby and running H H H M H M

Water (if not using re-circulating chiller) M L M L M L

Lens protection slides or lenses L L L L L L

Weld-shield gases and cutting-assist gases V V V V V V

Gas nozzle tips for cutting and drilling applications L L L L L L

Routine maintenance (filters/de-ioniser for laser and chiller) H L L L M L

Clean dry gas purge for fixed mirror beam delivery systems L L - - - -

Robotic fibre replacements or beam delivery mirrors L L L L M L

Maintenance contract costs V V V V V V

Labour costs (operator, part programmer and maintenance) V V V V V V

Unscheduled downtime costs (labour, parts, lost production) V V V V V V

Scrap and re-work costs V V V V V V

Floorspace costs L L L L L L

Figure 1. Typical pulsed laser lamp lifetime graph
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Electricity Consumption can normally
be estimated as a percentage of the
manufacturer’s power requirements
figures for the laser, depending upon
the ratio of operating mean power to
maximum mean power. Standby
power consumption is usually 10 -
20% of the maximum.

These figures can then be converted to
hourly costs by multiplying by your
average unit cost for electricity
(3 - 6p / kW.hr)

Cooling Water Costs can be estimated
for systems running from factory or
free-standing chilled water systems by
assuming an additional one third of the
calculated laser electricity consump-
tion costs. This figure will be lower for
cooling towers, or if any energy recov-
ery scheme is used.

Routine Maintenance will typically
cost about 25p/hr for solid-state lasers
and 50 - 75p/hr for CO2 lasers, pri-
marily for laser cooling system main-
tenance (there may be additional
requirements for external chilled water
systems or diode-based lasers). Costs
can be lower if the work is done using suitably trained in-house
personnel, rather than by the laser supplier.

Beam delivery maintenance requirements depend upon the laser
type and process. CO2 cutting lasers will require focus lens
replacements typically every 1000 - 3000hrs at a cost of ~£300.
Solid-state lasers are able to use a focus lens protection slide,
which is a sacrificial optical glass slide used to protect the focus
lens from fume and spatter damage. It may be plain glass, or it can
have an anti-reflection (A/R) coating to avoid the loss of ~8% of
the laser power by surface reflections. The life of this slide is very
dependent upon the application, so guidance should be sought
from the system integrator or laser supplier. It could range from
replacing an uncoated protection slide (costing ~ £1) once a month
or less, to replacing an A/R coated coverslide (costing £10-30)
every shift. Typically uncoated slides will be used for power lev-
els up to 500 or 1000 watts; above this power level the cost of gen-
erating the additional laser power to overcome the reflection loss
on an uncoated slide exceeds the additional cost of coated slides.

Beam delivery mirrors should rarely need replacing in a well
designed system with a dry gas purge on the beam path, except for
multi-kilowatt systems where the mirrors are thermally stressed.
Budget to replace a set of mirrors every two years at a cost of
£150 per mirror.

In robot manipulated fibre optic cutting or welding systems the
fibre optic beam delivery cable can be subjected to constant and
extreme flexing and, just like an electrical cable, it will eventual-
ly fail. Almost invariably these failures are mechanical failures of
the protective jacket, rather than failures of the optical fibre itself.
The average working life of a fibre which has been designed for
robotic use will be around 2000 operating hours so, for a typical
application where the processing time is 40% of the total cycle
time, this will equate to 5000 production hours. The cost of a

replacement robotic fibre may range from £2,000 to £5,000
depending upon the length. However a failed fibre may also be
suitable for re-manufacture.

Process Gas Consumption can be significant for many applications.
Inert shield gas for welding is typically used at a rate of 15 l/min, and
oxygen cutting assist gas at a rate of 75 l/min at 5.3 bar. If clean cut-
ting is performed, for example on stainless steel, then nitrogen is
normally used at high pressure leading to a gas consumption of up
to 500l/min at up to 20 bar. A standard laboratory gas cylinder (T
size) holds around 8,500 to 9,500 litres depending upon the gas type.
For high throughput applications it can easily be seen that bulk pur-
chase will be necessary in the form of bottle pallets or liquid storage
tanks. Clean compressed air will be required for some welding
applications for an “air knife” device which is used to deflect weld
spatter away from the lens or protection slide. Assuming an air sup-
ply is already available then the operating cost of this can be ignored.
The cost of the other gases is highly dependent upon the gas type,
volume and form of delivery, so quotes should always be obtained.

Unscheduled Maintenance Costs by their very nature cannot be
predicted. However the experiences gained in other installations
can provide guidance. Those users who keep detailed records (and
surprisingly, many do not) report uptimes in the range 95 - 99.5%
for complete manufacturing machines incorporating lasers.

The contribution of the laser source to the downtime may be as lit-
tle as a third of the total since mechanical problems with chillers,
parts handling and positioning equipment are more common than
laser failures. Generally unscheduled maintenance costs will only
be significant if a delay in obtaining replacement parts will cause
a stoppage of other processes in the manufacturing plant. In these
cases it is strongly recommended that spare parts are held on site
as mentioned earlier.

Since many equipment failures are relatively simple to fix, the

TABLE 3: Example of Operating Cost Calculation
CAPITAL PURCHASE COSTS:

1)   Capital cost of system including chiller and gas supply £350,000

2)   Fixtures £30,000

3)   Site preparation and services £6,000

4)   Installation, commissioning and proving £8,000

5)   Operator and maintenance training £3,000

Total capital expenditure £397,000

Annual finance cost over 5 years £104,014

ANNUAL OPERATING AND MAINTENANCE COSTS:

6)   Electricity (Operating): 17kWx3600hrsx0.75x£0.06 £2,754

7)   Electricity (Standby): 5kWx3600hrsx0.25x£0.06 £378

8)   Electricity (Chiller): [ £2,754 + £378 ] x 0.33 £1,034

9)   Lamps: (3 sets x 2 lamps x £185) + 0.5hr @ £18/hr £1,119

10) Oxygen: 75l/min x 60 x 3600hrs x 0.75 x £0.001/litre £12,150

11) Lens protection: 1 slide/month £336

12) Routine maintenance costs: (£120+2hrs@ £18/hr)x3600/2000 £281

13) Robotic fibre costs: £2,750 x (3600hrsx0.75)/2000 £3,712

14) Other maintenance and repair costs: (0.03 x £350,000) £10,500

15) Operator costs: 3,600hrs @ £12/hr £43,200

16) Floorspace costs: 600ft2 @ £18/ft2 overheaded cost £10,800

Total annual operating and maintenance cost £86,264

Total annual cost £190,278

Total cost per hour £  53

Business
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unscheduled downtime can be greatly reduced by taking mainte-
nance training from the laser supplier. This will enable simple
problems to be fixed in-house without waiting for the supplier’s
service engineer. Although training has been shown as a capital
cost, it could realistically be considered as an operating cost since
it is short-sighted to consider it a one-off expenditure. Even if
there is no turn-over or re-location of staff, the maintenance engi-
neers will benefit from periodic “refresher” courses.

One way to make maintenance costs more predictable is to take
out a contract with the laser supplier. These can vary from simply
providing scheduled routine maintenance up to a fully inclusive
parts and labour warranty with guaranteed response times. Since
such schemes are generally individually tailored it is not possible
to include pricing here.

In the absence of any better information a total annual cost of 3%
of the capital cost can be used as a starting point for a combina-
tion of in-house and supplier supported maintenance.

Indirect Costs include the cost of operator’s time and part-pro-
gramming, etc. and should be calculated using your in-house
accounting practices.

All of these hourly costs can be added to the amortised capital
costs to get a final hourly running figure for the laser installation.
For established processes this can then be used to calculate a cost
per metre or cost per part for the laser process.

A typical worked example is shown in Table 3. This is based on a
fictitious, but representative, application for 3D trimming of auto-
motive pressed panels, using a manually loaded system with a
robotically manipulated fibre optic beam delivery and 500W CW
YAG laser. It is assumed that the system operates 2 shifts
(3,600hrs/annum) cutting 20 different panels in quantities of
around 2,000 per year of each. 

The laser operates at 400W on a 75% duty cycle with a typical
part cycle time of 4-5 minutes. Arc lamp lifetime is 1200hrs and
the system uses 75l/min of oxygen from a bulk storage container.
Operator time is assumed to be £12/hr and maintenance time

£18/hr with overheads. The equipment is financed through a 5
year leasing contract.

Note that the laser operating cost actually forms a small part of the
total. In this example the laser can be exchanged for one which is
four times more powerful and the hourly cost only increases from
£53 to £65 (23%).

Dividing these costs into fixed cost (finance cost + floorspace)
and variable costs (the others) makes it easy to calculate the annu-
al costs for 1, 2 or 3 shift operation and hence calculate the cost
per part - which comes out to be £7.62, £4.76 and £3.80 respec-
tively. This clearly illustrates the importance of achieving a high
utilisation factor on laser machines to dilute the impact of the high
fixed costs - low volume operations should be outsourced to laser
job shops unless some special considerations prevent this.

Benefits
When doing a detailed analysis of the operating costs for your
laser equipment it is important to do an equally thorough job on
the cost savings that it is providing. It is beyond the scope of this
article to quantify most of these items since they are application
dependent. However, many first time users find that the indirect
benefits are often much greater than they anticipated and could
have formed a greater part of the purchase justification.

When replacing an existing conventional process by a laser process,
the production cost savings from yield and consistency improve-
ments alone may justify the purchase of the laser equipment.

For cutting processes it may be the reduced tooling cost or faster
turn-around time that will dominate. If the laser process enables
the elimination of a complete process step such as weld dressing,
then the cost benefits can be tremendous.

Table 4 provides a list of the most common benefits. You will
need to review this to see which might apply to your application
and then attempt to quantify them.

For the example given above the major benefit would be the elim-
ination of 20 press trim tools at up to £100,000 each, which are
not cost effective for a relatively low volume application like this.
However, there are also several secondary benefits which apply in
this case:

* Reduced set-up time

* Reduced product design /prototyping /modification time

* Reduced floorspace requirements (no need to store trim tools)

Summary
Hopefully the reader is now familiar with the items which need to
be considered when analysing the operating costs for a laser based
materials processing system. Where actual operating experience
or cost data is not available, the guidelines presented should allow
a reasonable estimate to be made. Alternatively there are inde-
pendent consultancies, such as the author’s, which can assist with
detailed cost and benefit analysis for any proposed laser applica-
tion. It is suggested that for new installations the figures should be
recalculated after the first 12 months of operation, when better
data will be available and the indirect benefits are also better
understood. This process will be greatly simplified if basic
records are kept for the machine.

TABLE 4: Typical Cost Saving Benefits
Yield improvements

Combination or elimination of process steps

Warranty cost savings due to reduced product failures

Raw materials savings

Sub-contract cost savings

Improved repeatability - allowing automation of a manual process

Improved consistency - QA and rework savings

Tooling and fixturing cost savings

Consumable tool savings - drill bits, welding electrodes, etc.

Increased throughput

Reduced set-up time

Reduced operator cost per part

Reduced maintenance costs - higher uptime

Reduced parts count or simpler piecepart design

Reduced floorspace requirements

Remote location of equipment into “low cost” floorspace

Reduced product design/prototyping/modification time

Reduced safety stock levels

Reduced work-in-process inventory levels (J.I.T. manufacturing)

Elimination of toxic process waste and treatment costs Also see ‘Observations’ on p39
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As an enabling technology, laser machining provides the pro-
cess engineer with the ability to produce parts to the tightest
of tolerances, whilst offering capabilities not achievable by
other materials processing technologies. These include non-
contact processing, a small Heat Affected Zone (HAZ) and,
for some applications, a higher throughput. It is no surprise
that there is so much interest in this technology. However,
making laser machining both successful and cost-effective
presents new challenges to the process engineer, an important
one of which is the control of beam parameters. 

Laser micromachining places a great emphasis on beam quality.
Both the spatial energy distribution and the temporal energy pro-
file are critical for proper processing: many processes are depen-
dent on the irradiance raised to the second, third or even the fourth
power, so it is no surprise to realise that micromachining places
requirements for greater control over the laser beam profile than
ever before. And it is not just a matter of maintaining fixed laser
parameters; the laser may be required to switch between a range
of different settings and beam profiles on the same part, placing
an even greater emphasis on the quality and stability of the laser
source.

Given these higher standards, and understanding that a laser
requires periodic maintenance just like any other processing
machinery, process engineers must ask themselves two very diffi-
cult questions:

• Am I willing to take the word of the laser manufacturer that the
output is reliable and reproducible throughout the laser’s life-
time as well as between maintenance intervals?

• If I am not willing to accept the word of the laser manufacturer
on faith alone, how do I ensure that the laser beam profile I
desire is in fact the laser beam profile I get? 

Failure to understand the characteristics of the laser as it ages in
normal processing can result in a process not meeting its design
specification: rather than lowering processing costs, the use of the
laser can cost money in losses due to scrap material, rework and
lost time.

The case for measuring laser performance
In order to understand how to measure laser performance, by
which we mean both ‘the degree to which the laser output is deliv-
ered to the work surface at the right time and with the correct spa-
tial and temporal energy profile’ and also ‘the reliability and
reproducibility of the laser performance, both in the short-term
and the long-term. Demanding good laser performance is no dif-
ferent than requiring of an automobile engine that over its power
range it deliver the proper horsepower to the wheels, throughout
its normal lifetime. In addition, it is important to be able to deter-
mine when these requirements are no longer met, so that steps can
be taken to diagnose the problem and remedy the situation. .

It is well known, for example, that undesirable structure in the raw
laser beam profile will result in equally undesirable beam struc-

ture in the focused spot, so it can be extremely important to quan-
tify the spatial profile with a high degree of accuracy in order to
prevent detrimental effects on the quality of process. Inadequate
maintenance of laser can also contribute to changes in perfor-
mance: this includes aging flashlamps in lamp-pumped lasers and
misaligned laser resonator optics, which can cause astigmatism in
the beam, resulting in an elliptical beam 'focus'. Spontaneous
‘mode hopping’ produces an unstable beam, which can cause
problems in marking and cutting. 

It is still common practice to evaluate laser beam profile by pure-
ly visual means; a burn print, for example. However, this
approach is unable to identify subtle changes in spatial energy dis-
tribution nor is it able to detect changes, such as mode hopping,
in real time. Conversely, electronic laser beam monitoring can
address all these issues.

Laser beam profile monitoring is an intuitive technique used for
many years in the laboratory to interpret beam quality. It is easy
to understand, and requires only simple instrumentation that is
easy to install. Moreover, beam profile monitoring provides the
process engineer with quantitative results, such as beam width,
ellipticity, and instantaneous energy per pulse, and provides
reporting capabilities that enhance statistical process control.

The major impediment to implementing beam monitoring is the
perception that it is too difficult and costly to install, too complex
to understand by the average user, and provides no real payback
for its use. These perceptions are no longer valid. Modern tech-
nology gives the engineer a number of low-cost, easy to imple-
ment solutions, and software performs all the difficult tasks, mak-
ing beam-profiling interpretation relatively simple.

Laser beam profiling
There are two types of laser beam profiling devices; spatial beam
profilers for determining the energy distribution of the beam, and
temporal beam profilers for determining the temporal shape of the
energy delivered per pulse. Each is an important piece of the puz-
zle, as they are interrelated and not independent of each other. 

Even the simplest of spatial beam profilers will give quantitative
measurements of the spatial energy profile in the beam, the total

The Value of Beam Profiling in Laser Machining
Larry Green
Spiricon Inc.

2600 N Main    Logan    UT 84341     USA
T: +1 732 735 2060    F: +1 435 753 5231    E: larry@spiricon.com

A modern industrial Nd:YAG laser on-line beam monitoring system. Such
systems can be easily adapted for workstation installations.
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instantaneous irradiance, beam diameter, and location of the cen-
troid and peak of the beam. Some systems will also perform sta-
tistical calculations to determine how well the beam fits either a
Gaussian or "Top-Hat" distribution, and the ellipticity of the
beam. Many programs even have logging functions that can track
the stability of the beam, either as numerical values for transmis-
sion to Statistical Process Control (SPC) programs, or display it in
a simple “Chart Recorder” format on the screen. These calcula-
tions and displays provide instant recognition of problems, by
automatically alerting the operator or by preset limits in the SPC
program. For 'mission-critical' applications where even more
detailed measurements are required, it is now possible to install
devices that make M2 value measurements while processing.

Monitoring systems can be installed "at-line", where the mea-
surement is taken after a series of processes are completed as a
check on the beam quality, or in-process, where the beam quality
is measured whilst processing materials. Such systems can be
retrofitted to existing installations, because many laser worksta-
tions are already equipped with most of the optical hardware nec-
essary to provide continuous monitoring. Smaller footprint moni-
toring systems are available where space is at a premium; as in
some micromachining workstations, for example. This serves to
reduce the cost of installation, and shorten the payback time of the
system.

The economic case
Of course, any system used to monitor the 'health' of a laser work-
station must pay for itself in order to be considered. In fact, it can
be shown that beam profiling is a money-making technology,
since it results in increased productivity of the process. 

Better control of any process, means less scrap is produced, and
that saves money by reducing rework costs. More accurate tuning
of laser for the best beam quality for the process increases
throughput, lowering the cost per part. 

The diagnostic capabilities of a beam quality monitoring system
results in reduced downtime whenever a condition arises that
affects the quality of the process. And laser beam monitoring sys-
tems can assist in determining the most efficient maintenance
schedules to keep the system running at its peak efficiency. 

The reader is invited to compare the costs of lost time, scrap parts
and delayed production in their own organisations operating
under the current regime without beam quality monitoring, and
then evaluate the cost savings with such a system installed. Laser
beam quality monitoring determines accurate, quantitative laser
baseline operations, matches performance between workstations,
rapidly identifies anomalies in beam quality, and allows proactive
laser diagnostics and maintenance. Once these savings can be
proven, beam monitoring will take its place in the arsenal of effi-
ciency- enhancing tools at the disposal of the process engineer.
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In recent years a new and challenging area of application
of material processing by lasers has been opened by the
availability of lasers of very short pulse length and simul-

taneously high beam quality. At the high power densities in
the focused beam, even materials that are fully transparent at
low power density levels, such as optical glasses, will interact
with the radiation due to nonlinear absorption. Applications
include subsurface engraving of all kinds of three-dimension-
al structures such as images, symbols, pieces of art etc. They
will often consist of tens of thousands of microscopic cracks
generated at the laser focus while the desired pattern is
scanned in three dimensions through suitable optics. An
example is shown in figure 1. 

Non-linear processing
An example of the new breed of short pulse length and high beam
quality laser is based on diode-laser pumped Nd:YVO4
(Neodymium Yttrium Vanadate) slabs. It offers up to 4 mJ pulses
of 1064 nm wavelength (and 1.2 mJ at the frequency doubled 
532 nm) with pulse rates up to 50 kHz, Q-switched pulse lengths
of 6 ns and a beam quality M2 < 1.5 [1][2]. The peak power then
exceeds 0.6 MW at 1064 nm and 0.18 MW at 532 nm. 

Theory predicts that the output of a laser can be focused down to
a spot radius of M2λ/(π(NA)) by an optical system of numerical
aperture NA. Thus, a (moderate) numerical aperture of 0.1 will
allow  a focal radius of approximately 5 µm at 1064 nm or a spot
surface of less than 10-6 cm2, resulting in an (average) power den-
sity of 6 1011 W/cm2. Under the same optical conditions, but at
532 nm and the correspondingly lower pulse energy, the focal
radius will be half the above value, the spot surface a quarter, and
the power density about  7.2 1011 W/cm2 as the lower pulse ener-
gy is more than offset by a smaller focus. 

At these high power densities, even materials that are fully trans-
parent at low power density levels, such as optical glasses, will

interact with the radiation due to nonlinear absorption. The
threshold for this phenomenon typically ranges from 109 to 1010

W/cm2 depending on material, well below the power densities
that can now be easily attained. In fact, the capabilities of these
lasers rarely need to be fully exploited.

Subsurface engraving of three-dimensional structures such as the
example shown in figure 1 is only one type of application of non-
linear processing. Another is the drilling of long thin bores in
glass: Here the drilling is started at the far end of the hole, so that
the evaporated material can easily escape and the process proceed
toward the front end; see figure 2a. As can easily be imagined, the
diameter of such a bore, as well as its shape or direction, can be
varied along its length (as illustrated in figure 2b), opening up a
sheer endless spectrum of possibilities, or “solutions looking for a
problem to solve”. 

Optical design considerations
For any given laser, the sole parameter by which its application in
material processing can be influenced is the numerical aperture of
the focusing optics. It is usually tacitly assumed that this optics be
aberration-free, i.e. diffraction limited. 

The application discussed in this paper requires a focusing optics
with, at first sight, a rather modest set of specifications. The
somewhat arbitrary choice of a numerical aperture of 0.1 is a fair

Optics for pulsed laser machining of glass
Leo Beckmann

Willem de Merodestraat 9    2624 LC Delft    Netherlands
T: +31 152 567505    E: l.beckmann@hccnet.nl

Figure 1. Three-dimen-
sional image of a fly
sculptured in a block of
glass.
The image pattern con-
sists of some tens of thou-
sands of microcracks cre-
ated by scanning a
focused high quality
pulsed Nd:YVO4 laser
beam. 

Image reproduced by kind
permission of  the Institute of
Laser Technology Aachen,
Germany.

Figure 2. Using nonlinear
absorption of high power
density Nd:YVO4-laser
radiation for drilling high
aspect ratio bores in
glass. 
a. (left)The process is start-
ed at the rear side so that
debris can escape through
the bore. 
b. (below) The size and
cross-section of the bore
can be varied along its
length.

Courtesy Edgewave GmbH
Aachen, Germany

Laser beam
direction

a

b
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compromise between good definition
of the power density threshold in depth
and the demands on the optical design.
The Rayleigh length is a few tenths of
a millimetre in this application. 

Scanning of a reasonably sized image
field calls for a lens system with an
entrance pupil well in front of its first
lens element, a type generally known
as an f-theta-lens. Such a lens typical-
ly has strong negative (barrel type)
distortion so that the field coordinate is
not proportional to the tangent of the
incident angle (theta), as in a typical
photographic lens, but rather is more
or less proportional to theta itself. It is
useful to note that our application has
no specific requirement in this regard,
since the position of the spot to be
machined will be set by computer con-
trolled scan mirrors and can therefore
be easily programmed to correct for any type of fixed distortion. 

In three-dimensional processing it is customary to machine suc-
cessive planes in a series of rapidly scanned points and to slowly
adapt the depth by moving the whole workpiece. This requires a
flat image field. Also, since the imaging occurs inside the glass
and thus behind a single air-to-glass interface, the imaging must
be (near) telecentric, that is, the convergent image beam should
impinge onto the glass block close to perpendicular. It should be
noted, that perfect telecentricity is not possible with two axially
separated scan mirrors, which is the usual arrangement.
Fortunately there is sufficient margin.

Dealing with ghost images
None of the above specifications are exotic by any standard, and
people have, understandably, tried to apply off-the-shelf f-theta-
lenses for this application. Results have been mixed and occa-
sionally catastrophic, where lenses suffered extensive damage
during use. Why? As in other laser based applications there are
more factors to be considered [4]. In this application it is the high
peak laser power and the fraction of that power which ends up in
secondary reflections and ghost images, that demands special
attention.It turn out that this aspect, the location of images caused
by secondary reflections, fully dominates the design and useful-
ness of a lens system for this application. 

Most easily understood is the reflection of the convergent outgo-
ing beam at the front surface of the glass block which is going to
be machined (often uncoated BK7 glass or equivalent). If this sur-
face is closer to the last lens surface than half the back focus (bkf,
in air), some 4 % of the total radiation will be focused back into
the imaging optics with excellent image quality and thus high
power density. Although it has “only“ 4 % of the power of the
intended focus it will easily exceed the threshold of nonlinear
absorption and cause permanent damage in the lens. Thus, the
minimum distance to the surface of the workpiece is bkf/2, and
the maximum depth of machining in a block of glass of refractive
index N becomes N*bkf/2. Consequently, we want a relatively
long back focus, preferably somewhat longer than the focal
length. It so happens that a typical telecentric f-theta-lens is
blessed with just this property.

The requirement to avoid the secondary foci (ghost image) result-
ing from residual reflection at any optical surface, is common to
any optical system. Although all the surfaces will be coated for
minimum reflection losses, the suppression of dielectric reflection
is never perfect and the (high index) glasses typically used in an
f-theta-lens also have lower nonlinear absorption thresholds. To
play it safe, we therefore try to keep all secondary foci well out-
side all lens elements. 

The first rule in this context is to use as few optical elements as
possible. This is, of course, good practice in solving any optical
design problem, but here we have to keep in mind that each extra
lens produces two extra ghost images. A powerful method for
manipulating ghost images would be to bend a lens such that its
ghost images become virtual, but lens bending happens also to be
the most versatile tool for controlling lens aberrations so that there
is little overall design freedom. Glass selection is quite helpful,
especially since most laser-based optical systems need not be
colour corrected. Positioning of ghost images makes the design
process lengthy and tedious. It is not uncommon to find, after sev-
eral rounds of design with different approaches in which essential
aberrations have been corrected satisfactorily, that the ghost
image positions are still unacceptable and need major alterations.
In the author’s experience, attention to ghost images takes most
(>80 %) of the time taken to arrive at a satisfactory final design.

The design shown in figure 3 has been found to meet all criteria.
Built from just four lens elements, it combines a focal length of
100 mm with a back focus (in air) of over 130 mm, for a shortest
distance to the workpiece of around 65 mm and a corresponding
depth of machining in BK7-glass of up to 100 mm. These are
absolute limits and in practice one will stay away from them by at
least 5 mm. Both glasses used for the lenses (BK7 and SF11) are
stable and low cost. Although optimized for 532 nm, the system
performs surprisingly well at 1064 nm, albeit with differences
(around 9 %) of focal length and back focus and the area of appli-
cation resulting from those, and a less than perfect, but still
acceptable, aberration correction in the outer area of the field.

Figure 4 is an overview of the secondary reflections from all sur-
faces. Reflections from surfaces 2, 5 and 7 cause real ghost
images, but those from surfaces 2 and 5 lie in the space between
the scan mirrors and the first lens, and that from surface 7 in the

Figure 3. Optical layout of a lens specifically designed for machining glass using non-linear
absorption of high power density pulsed Nd:YVO4-laser radiation. The f-theta-type lens is diffraction
limited over the full image area, telecentric in image space and has been explicitly designed to avoid
images caused by secondary reflections (“ghost images“) inside any of the optical elements.
The system is diffraction limited for 532 nm wavelength, the emerging image-forming beams are telecentric
and the image field is flat within a fraction of a millimetre over a diameter of 70 mm. The scan mirrors are
placed at 30 and 46 mm, respectively, in front of the apex of the first lens and should have free optical diam-
eters of 15 mm. A beam angle of 20.5 degrees provides for an image of 70 mm diameter. The system uses
low index glass (BK7) for the two outer lens elements and high index glass (SF11) for the two inner lenses. 
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air space between the (negative) front lens and the positive lens
group. Surface 10, the front of the workpiece, is shown at the min-
imum distance where the reflected image touches the last lens sur-
face. This must, of course, be avoided by a safety margin of, say,
5 mm additional distance. Ghost images caused by more than one
reflection have not been evaluated quantitatively. Their intensities
should run at least 4 orders of magnitude lower than that of the
primary focus, even if the coated surfaces approach reflections of
one percent which is very poor by any standard. Figure suggests,
that the ghost image caused by surface 7 would, after another
reflection at surface 4, fall into the second lens element. No other
such foci are evident.

Like most optical systems, this lens is scalable within reasonable
limits. As all lateral aberrations increase with scale, the diffraction
performance gradually deteriorates and the individual lens ele-
ments become larger and more expensive to manufacture. This, in
combination with proportionally tightened tolerances will typical-

ly let the cost grow by the third power of the
scale. The system is still diffraction limited if
scaled up to a focal length of 160 mm; by
then the largest lens element has grown to a
diameter of 125 mm for an image field of 80
X 80 mm with corners rounded to 100 mm
diameter.
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Figure 4. Overview of the locations of “ghost images” caused by secondary reflections in the lens
shown in figure 3. For this application it is mandatory that none fall within any of the optical ele-
ments, where severe damage would inevitably be caused.

srf.: 2    10 mm   srf.: 3    10 mm   srf.: 4    10 mm 

srf.: 5    10 mm   srf.: 6    10 mm   srf.: 7    10 mm 

srf.: 8    10 mm   srf.: 9    10 mm   srf.: 10   100 mm 

Also see ‘Observations’ on p39

We are trying to integrate a Class 4 laser into a machine and are
unsure how to deal with interface between the E-stop, which has
two separate sets of contacts, and the laser interface card, which
provides only a single pair of pins.

The starting point is standard EN954-1, which provides the require-
ments of the safety-related parts of a control system and its toler-
ance to failures. Application of the risk assessment process sug-
gested in EN 954-1 usually leads to a choice between two appro-
priate safety categories, 2 and 3. The final determination depends
on the assessment of potential frequency of exposure and the pos-
sibility of avoiding the hazard. In our experience, the safety-related
control system for most machines with embedded Class 4 lasers,
especially where the laser wavelength is in the retinal hazard range,
should be Safety Category 3. 

Category 2 requires that the safety control system be suitably
designed and constructed using well-tried safety principles and that
the safety function of the control system be checked at suitable
intervals by the machine control system. Category 3 includes all the
category 2 features, plus the additional requirement that safety-

related parts of the control system be designed so that a single fault
does not lead to loss of the safety function and, wherever reason-
able practicable, that the single fault is detected. The last require-
ment usually demands dual channel control. 

Dual channel control can be achieved either by two independent
channels throughout the system (e.g. from the E-stop actuator to the
external interlock connector) or by “diversity” (e.g. one control sys-
tem connecting the E-stop to the shutter and another independent
control system connecting the E-stop actuator to, say, the external
interlock connector on the laser source). For the case in point, the
single pair of pins on the laser interface may indicate that the laser
system does not have dual channel control for the shutter facility. In
this event, which is common to many laser systems, simple con-
nection to the safety-related control system does not meet today’s
expected requirements, in Europe at least. Taking two wires from
an E-stop to the single control circuit of the shutter is not sufficient
if a dual chanel control sustem is required. 

Mike Barrett Pro Laser

QUESTION & ANSWER

Interfacing an E-stop to a laser?
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The advent of smaller, less expensive marking and
engraving lasers has created a whole new range of cus-
tomers who demand performance on a budget. In all

cases some form of fume extraction system will be required.
Here we will show how a good fume extraction system can
compliment the sale of these new lasers and give the end user
excellent results with reduced downtime and costs.

Introduction
Marking (or coding) lasers are used in a huge variety of applica-
tions to add traceable information such as use by dates and batch
codes to packaging and products. Examples of these applications
are marking bottles in a beverage plant, batch coding of medical
devices, marking PCBs and components in the electronics indus-
try, adding data to cables and pipes and many others where per-
manent information needs to be added to a product. Engraving
lasers are commonly used in the gift industry to mark logos and
information onto pens, coasters etc. and can also be used to cut
shapes in a variety of materials. Due to their increasing afford-
ability and versatility, engraving lasers are also becoming more
popular with school and college art and craft departments.

Both laser engraving and laser marking systems (excluding UV
photochemical marking) burn away layers of material to cut or
mark a material. This process generates a fume that in general
contains a mix of highly breathable toxic particles, gases and
vapours that are hazardous to health. Examples include Benzene
and Toluene released from certain plastics and Chromium and
Nickel ‘dust’ when processing certain alloys. Laser processing of
most materials will emit some fumes that are hazardous to health;
even cardboard and paper labels can produce respirable dust and
formaldehyde.

It vital that these fumes are dealt with effectively as they may
cause serious long-term medical conditions such as occupational
asthma and leave employers open to expensive compensation
claims by employees.

Particulate generated by laser processing can also contaminate
expensive laser optics and can attenuate and distort the laser
beam, leading to blurred or incomplete marks. It can also con-
taminate products and it can coat the laser enclosure and associ-
ated machinery leading to increased downtime for cleaning. A
failure in fume extraction is usually a 'line stopper'. In high vol-
ume production (e.g. PCBs, pharmaceuticals, food/beverage
packaging) improperly coded products and the resulting down-
time due to fume extraction failure can cost thousands.

Selling or buying a laser
It is now widely accepted that some form of fume extractor will
be required when purchasing a laser. On the one hand the cus-
tomer has to consider their budget and performance requirements
and on the other hand the laser sales person wants to clinch the
sale of the laser. There are two ways to go about this: (I) the cus-
tomer can purchase both the laser and a fume extractor from the
Laser OEM or (II) they can purchase only the laser and source an
extractor from elsewhere. 

Option I is the better method for several reasons. The laser sales
person may think that quoting a laser with an extractor will put the
customer off because of the additional cost, but the customer in any
case needs to be informed they will have to buy an extractor from
somewhere. By not quoting for an extractor the sales person is los-
ing extra potential revenue and the customer may end up with an
unsuitable extractor from another source. The unsuitable extractor
may then cause problems with the laser process, for example caus-
ing the laser to produce blurred marks, leaving the customer unhap-
py and perhaps wondering if it is the laser that is at fault.

By quoting for the whole package, the customer can benefit from
the laser manufacturer's knowledge of specifying the correct
extractor. The laser OEM also gets the long-term benefit of sup-
plying the customer with replacement filters and the customer
gets a problem free laser process. We (Purex) have even seen the
quality of the fume extractor be the deciding factor for the cus-
tomer when comparing two laser brands.

Budgets are of course a consideration for the customer; however,
very low cost fume extractors available on the market can trade
performance, filter life and even safety for cost. Simple fans
which vent to the outside may seem an economical solution at
first but they have significant drawbacks: (i) holes need to be cut
in walls/ceilings; (ii) planning permission may be required; (iii)
environmental officers may demand that the fume be treated: 
(iv ) bulky, fixed pipework is required; and (v) what happens if the
laser has to be moved? The fan, holes, pipework, fixings etc. will
need to be reinstalled in the new position and the old ones filled
and sealed. In some locations, for example in a shopping mall or
school, an external venting point may be prohibited.

What to consider
What does a budget-conscious customer and a laser manufacturer
need in order to both be happy with the laser/extractor package?
Answer: an extractor that is compact, affordable, quiet, mobile
and delivers excellent extraction rates and filter life.

The new Laserex Alpha from Purex is such a unit. It offers the
customer a very affordable solution and comes in two models, a
200m3/hr and a 400m3/hr version depending on the fume produc-
tion rate. Both units have a small footprint and are mounted on
lockable castors to make the machines highly mobile. It offers
Whisper Stream technology to reduce noise levels (essential in
places such as schools or shops) and the VariColour warning sys-
tem to show the status of the filter, reinforced with an audible
alarm when the filter needs replacing. Customer options include
an interface with the laser (automatic starting, delayed switch-off,
filter change alert to the laser) and flow control for improved
energy efficiency and extended filter life.

Summary
Health and Safety and well as process considerations make the
need for a fume extraction system undeniable. There are big ben-
efits in using air recirculation rather than venting the fume to the
outside and the best solution for the customer is to purchase the
fume extractor and the laser as a package from the laser OEM.

Tackling laser fume extraction on a budget
Jon Young

Purex International Ltd
Purex House    Farfield Park    Manvers    Rotherham  S63 5DB

T: 01709 763022    F: 01709 763001    E: jon.young@purexltd.co.uk
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Lasers for marking products with use-by dates, batch
codes, bar codes etc are now commonplace in the food
packaging industry.  A perhaps lesser-known applica-

tion where lasers have more recently begun to come into their
own is the processing of the packaging itself, particularly the
'modified atmosphere packaging' (MAP) which is currently
becoming increasingly popular in the packaging of fresh
foods.

'Breathable' Packaging for fresh produce
The quality of packaging is particularly important with fresh pro-
duce - fruit, nuts, vegetables and salads. The shelf life of these
products can be dramatically influenced by their packaging, so
correct selection and processing of the packaging material is of
paramount importance.  

All fresh fruits and vegetables have a characteristic 'respiration
rate', whereby they consume oxygen and give off carbon dioxide
as they continue to ripen after harvest. This respiration rate varies
according to the type of produce, and the conditions under which
it is stored - see Table 1.  Packaging must be selected and modi-
fied accordingly if the produce is to have a reasonable shelf life
once purchased by the consumer. Inappropriate packaging can
shorten the shelf life, as the accumulation of carbon dioxide and
depletion of oxygen inside the sealed packaging promotes
unpleasant odours and decay.  

In the case of a product with a very low respiration rate, it may
be sufficient to rely on the inherent gas permeability of the pack-
ing material, with no further structuring of the packaging being
necessary.

However, most fresh fruits and vegetables have relatively high
respiration rates, and the packing material used for these products
must be modified, usually by adding micro-perforations.
Respiration rates are usually temperature dependent, and increase
with temperature more than does the gas permeability of most
commonly used packaging materials. Hence, perforations some-
times also become necessary in order to cope with variations in
the storage temperature of certain products.  

Micro-Perforations
Micro-perforations allow oxygen, carbon dioxide and water
vapour to diffuse through the packaging at a rate which is
matched to the respiration rate of the produce inside. The correct
balance of gases, as well as an appropriate level of humidity, is
thus maintained inside the pack. Respiration rates for many dif-
ferent types of produce can be measured experimentally, and sev-
eral mathematical models to predict the gas exchange properties
through micro-perforated films have been developed [2 - 6]. The
rate of gas transfer obviously varies according to the number, den-
sity and diameter of the perforations, as well as the thickness and
inherent gas permeability of the chosen packaging material.
Simulation results thus enable packaging design to be tailored for
different types of produce and storage conditions.  Packaging
design in this way necessitates a method of accurately producing
the specified micro-holes in the chosen packaging material; CO2
lasers are increasingly being used for this purpose.

Perforation Methods
Micro-perforations in food packaging can be formed in a variety
of ways. Laser perforating is relatively new to the market and has
been a little slow to catch on, mainly as a result of cost and con-
trol issues. Today's laser technology competes chiefly with spark
erosion and needle methods, over which the laser has several dis-
tinct advantages.

Needle perforation is one of the older technologies currently in
use in the packaging industry. Needle-formed perforations can be
produced with or without heat and, in both cases, the main prob-
lem is lack of consistency. Excess material is sometimes not com-
pletely removed from the perforation site (especially if the needle
is used cold), and can 'flap' back over the hole, effectively re-seal-
ing it. Needle-formed holes also tend to be large and easily visi-
ble, hence the results may be unsightly. Where the tool makes
physical contact with the film, tool wear and breakage must also
be considered. Replacement tools are expensive, and their main-
tenance is highly labour-intensive. Downtime due to mechanical
failures is therefore a major concern.

Electrostatic discharge (spark erosion) methods use sparks to per-
forate the packaging film. Although this is a non-contact method,
thus eliminating some of the problems of mechanical tool wear,
this only works well on relatively thin films and at slow line-
speeds. Electrostatic discharge and flame systems are also notori-
ously difficult to control, leading to consistency problems.

CO2 lasers for processing modified atmosphere packaging
Louise May

Linx Xymark - a division of Linx Printing Technologies plc
Gothenburg Way, Sutton Fields Industrial Estate, Hull, UK, HU7 0YG

T: +44 (0)1482 831154    F: +44 (0)1482 839233    E:  lmay@linx.co.uk

Table 1:  Respiration rates of fruit and vegetables at 5°C [1]

Class Respiration Rate Produce
Btu/ton/24 hrs

Very Low < 5 Nuts Dried fruits
Dates

Low 5 - 10 Apples Onions
Grapes Potatoes
Garlic

Moderate 10 - 20 Apricots Cabbages
Cherries Carrots
Peaches Lettuce
Nectarines Peppers
Pears Tomatoes
Plums

High 20 - 40 Strawberries Raspberries
Blackberries Cauliflower

Very high 40 - 60 Artichokes Brussels 
Green onions sprouts

Extremely High > 60 Asparagus Mushrooms
Broccoli Spinach
Sweetcorn Peas

Lasers in Manufacturing
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CO2 laser technology offers many advantages over the above
methods, and allows manufacturers and distributors to make the
most of recent advances in packaging design. Laser perforating is
fast, consistent, and works on a wide range of materials, both
thick and thin films. The non-contact nature of laser perforation
means that there is no tool blunting or breakage, and in fact the
same machine can often be used for other processing operations
(such as producing perforations or scoring for easy-tear bag open-
ings etc.) Modern laser perforating systems offer excellent control
of hole size, and the holes produced are stronger and cleaner than
those produced by mechanical methods, as the edges are sealed by
local melting. The holes are resistant to cracking and stretching,
and bag integrity is not compromised, even at high hole densities.
The holes produced are often almost invisible to the casual
observer, and the processed packaging is more aesthetically pleas-
ing as a result.

Linx Xymark Laser Systems for MAP Applications
Development of CO2 laser systems specifically for the structuring
of packaging began at Linx Xymark in the early 1990s, with the
development of the Xymark LC system [7]. The Xymark LC is a
special variant of the standard Xymark coding system configured
to score or etch dots, in straight lines, into the surface of moving
packaging material. The system utilises a sealed, RF excited CO2
slab laser, in a robust unit which can be integrated into a reeling
station on the  packaging film production line. Initially, this sys-
tem was chiefly used to make perforations in composite multi-

layer films for easy-tear applications. In the late 1990s, the same
Xymark LC system was further developed to produce a system
capable of perforating materials for modified atmosphere packag-
ing. The result is a versatile system which can be adapted to either
application by simply choosing from a set of software options.
For easy-tear applications, perforation density can be specified in
dots/mm (up to 10 dots/mm in the case of the Xymark LC), or the
system can be configured for continuous etch. Alternatively, par-
ticular etch lengths and/or dot intervals can be specified; this is
invaluable for MAP applications, where perforation densities are
frequently specified in mm/dot. Today, these systems are supplied
to many customers in the packaging industry and used in both
conversion and end-line processes, both in the UK and abroad.

Packaging Materials
Many of the materials commonly used in modified atmosphere
packaging applications are polypropylene-based (PP), and there-
fore are particularly suitable for CO2 laser processing. PP absorbs
10.6µm light reasonably well, and hence is relatively easy to per-
forate. More problematic are polythene-based (PE) materials, and
composite or multi-layer materials with a high PE content. PE
simply transmits 10.6µm light, and hence does not etch well at the
CO2 laser central wavelength. This can be an advantage in easy-
tear applications, where selective weakening of part of a compos-
ite multi-layer film is required; for example, a PP layer could be
removed while leaving an underlying PE layer untouched.  

Of course when perforations penetrating the entire thickness of
the film are the objective, PE-based materials prove more trou-
blesome, but not impossible to deal with.  Techniques have been
developed to ensure that the maximum possible amount of ener-
gy is available for the entire duration of each pulse. Such mea-
sures are not always necessary, but can be invaluable in the case
of difficult materials like PE. Another option is to use CO2 lasers
designed to operate at different wavelengths, from 9.4µm to
11µm. The operating wavelength should be selected to coincide
with a highly absorbing spectral region of the material, leading to
more effective material processing.

Hole Geometry
In practice, hole geometry is often variable, and highly dependent
on a number of factors.  The most obvious of these is linespeed -
while customers invariably wish to etch or perforate material as
quickly as possible, increasing linespeeds inevitably result in elon-
gation of the holes.  As a result of this requirement for speed, Linx
Xymark have found that customers generally prefer single output
systems, running at maximum linespeed. Around 200m/min can be
achieved with such a system, while still maintaining good hole
geometry and consistency.  Multiple outputs are also possible via
a beam splitter arrangement. Perforations between 100µm and
200µm in diameter are typical in MAP applications.

Because hole quality and geometry is influenced by so many vari-
ables, each system installation must be tailored to meet the needs
of the individual customer's application. Linespeed, film type,
thickness and composition, tension of the film on the rollers, and
even the configuration of the rollers themselves are all taken into
account in order to obtain the correct hole geometry and consis-
tency in a given application.  

Summary
Significant advances in packaging design have been made in
recent years, with the ever-increasing popularity of bags and
pouches with easy-tear openings, and the advent of perforation-

Figure 2:  
The Xymark LC etching
laser system.

Figure 1:  MAP perforation formed by a CO2 laser. The hole is 100µm in
diameter with excellent geometry, and the effect of local melting can
clearly be seen at the edges.
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mediated modified atmosphere packaging for the storage of fresh
fruit and vegetables. CO2 laser systems are proving to be an effec-
tive means of realising this new packaging technology.  Whether
or not theoretical ideals can be met is often ultimately limited by
the configuration and capability of the customer's manufacturing
equipment, as conditions on the production line are rarely ideal.
Nevertheless, laser perforation offers the greatest control and con-
sistency of any method currently available to the packaging
industry. Laser systems are versatile, robust and extremely flexi-
ble, and Linx Xymark routinely work with the customer to arrive
at an appropriate solution for their application.
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Free-Form Laser Consolidation is a novel process for
building functional net-shape components directly in
one step, using a laser beam to melt injected metallic

powder [1-5]. The parts built by the laser consolidation (LC)
process are metallurgically sound, free of porosity or cracks.
Computer-aided LC offers a manufacturing process without
the need for moulds or dies, and is therefore  easily adaptable
to changes in the design of a component and the lead-time can
be reduced significantly. In addition, the laser consolidation
process provides an alternative for manufacturing complex
parts that are difficult to produce by conventional manufac-
turing processes [6].

The application described here relates to the Advanced Robotic
Mechatronics System (ARMS) project, a project initiated by MD
Robotics and supported by the Canadian Space Agency. Its main
objective was to investigate the use of enabling and emerging
technologies for the design and manufacture of the next genera-
tion space robotic arms with the goal of achieving low mass,
reduced cost, improved structural performance and faster manu-
facturing time. 

Conventional design of a space robot manipulator generally con-
sists of separate booms and joint housings that are connected to
each other through a flanged interface, which substantially

increases the weight and complexity. The LC process allows the
manufacture and integration of the boom/housing in a one-piece
innovative design to reduce the weight, complexity and increas-
ing interface stiffness of a typical robotic arm. Such a one-piece
integrated boom/housing design is not practical for conventional
manufacturing processes.

Laser consolidation process data
The powder-injection LC technique used a pulsed Nd:YAG laser,
equipped with an optical fibre-coupled processing head and a pre-
cision powder feeder to simultaneously deliver powder through a
nozzle into the molten pool. 

The chemical composition of the powder is listed in the Table 1
(upper). The Ti-6Al-4V powder is spherical in shape with a size
of 45/+15 µm. The substrate material used for building Ti-6Al-4V
components was annealed wrought Ti-6Al-4V. The substrate
material was pre-machined to the required shape as specified in
the design.

The LC process was conducted in a glove box, in which the oxy-
gen content was maintained below 50 ppm during the laser con-
solidation. The laser consolidation was conducted with an average
laser power ranging from 50 to 300 W with the powder feed rate
ranging from 1 to 20 g/min.

The LC Ti-6Al-4V material was found to be metallurgically
sound and to exhibit excellent mechanical properties as shown in
Table 1 (mid). Along the build-up direction, the yield and tensile
strength of the as-consolidated Ti-6Al-4V was about 1062±6 MPa
and 1157±11 MPa, respectively, while the elongation was 6.2±0.9
% and the Young’s Modulus 116±8 GPa. The tensile properties of
the LC Ti-6Al-4V were highly consistent and all standard devia-
tions are seen to be quite small. Note also that the as-consolidat-
ed Ti-6Al-4V is stronger than the as-cast or annealed wrought Ti-
6Al-4V, and comparable to the heat-treated wrought Ti-6Al-4V
material.

Finally, Table 1 (bottom) shows the bond strength of the LC Ti-
6Al-4V to the wrought and laser-clad Ti-6Al-4V substrate. Under

Figure 1. The chosen design of boom structure and the structure as built
by LC IN-625 alloy. The internal slot in the component is designed to
hold an electronic board.
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Table 1 Data on the experimental Ti-6Al-4V materials: (upper) chemical
composition; (middle) tensile strength; (bottom) bond strength of LC
material to the substrate

Chemical composition of experimental materials
Materials C Fe Cr Ni Ti Al V O

Ti-6Al-4V powder 0.07 0.10 0.02 0.02 Bal. 6.18 3.94 0.132

Ti-6Al-4V substrate <0.10 <0.40 - - Bal. 5.5-6.75 3.5-4.5 -

Tensile properties of Ti-6Al-4V materials
Materials σσ0.2 σσUTS E δδ

MPa MPa GPa %

LC Ti-6Al-4V 1062±6 1157±11 116±8 6.2±0.9

Cast Ti-6Al-4V (As-cast or annealed) 890 1035 - 10

Wrought Ti-6Al-4V (annealed bar) 825 895 110 10

Wrought Ti-6Al-4V (solution treated aged bar) 965 1035 110 8

Wrought Ti-6Al-4V (solution heat treated + aged) 1103 1172 - 10

Bond strength of the LC Ti-6Al-4V to its substrate (MPa)
Sample No. LC Ti-6Al-4V on LC Ti-6Al-4V on

wrought Ti-6Al-4V plate laser-clad Ti-6Al-4V

1 1055 1095

2 1074 1093

3 1023 1030

4 1040 -

Average 1048±21 1072±37
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tensile testing at room temperature the results show excellent
bond strength and small standard deviations. In all cases, the
bond test specimens failed due to the stress concentration effect
and not in the bond area, indicating that the ultimate tensile
strength at the bond area is higher than the data listed in the table.
See reference [4] for results of a more detailed investigation on
laser consolidated Ti-6Al-4V material, including its microstruc-
ture, fatigue life and residual stress.

Multifunctional boom structures
The LC process provides the possibility of manufacturing com-
plex structures with additional functionalities to accommodate
specific design features. An important part of this work was to
design and manufacture ARMS boom structures with additional
functionalities, such as high stiffness, support for electronic
board, wiring enclosure and heat dissipation. 

Boom designs with a variety of functional shapes were manufac-
tured by LC; one example is shown in Figure 1. In this case the
build was in IN-625 alloy and the work clearly demonstrates that
the LC process provides the capability to manufacture complex
shapes that are difficult to make using conventional manufactur-
ing technology. This study also proves that LC can be used to gen-
erate complex functional prototyping parts to prove design con-
cepts and to provide versatile cus-
tomisation.

Laser consolidation of
structural components
The ARMS consists of four struc-
tural components:

• one Ti-6Al-4V boom;

• two Ti-6Al-4V housings #1 with
interface; 

• one Ti-6Al-4V housing #2 with
integrated boom. 

Figure 2 shows the various stages of
the building process for the boom.
Figure 2a shows a test piece of a Ti-
6Al-4V boom about 0.8 mm thick-
ness and 270 mm height, built up on
a flat Ti-6Al-4V substrate to verify

the design concept. The formal Ti-6Al-4V boom was built on a pre-
machined Ti-6Al-4V circular disc with a stub, which was used as
the substrate for laser consolidation as well as to hold the part for
machining. The circular disc was finally removed after machining.
The 270 mm high as-consolidated boom, shown in figure 2b before
final machining, had multi-layer Ti-6Al-4V cladding applied on
both ends to enhance the local areas and four Ti-6Al-4V pads were
built on the clad layer at each end as per the design. Figure 3c
shows the finally machined boom. 

Housing #1 is cylindrical (102 mm dia. x 80 mm long) with an
interface on the cylinder to connect to the boom. Figure 3a shows
a Ti-6Al-4V interface built on a flat substrate to prove the con-
cept. In this case, the Ti-6Al-4V substrate formed part of the com-
ponent after final machining. Figures 3b and 3c show a LC Ti-
6Al-4V housing #1 before and after final machining.

Housing #2 is cylindrical ( 97 mm max dia. x 95 mm long) with
an integrated boom built on one side. The substrate was pre-
machined as per the manufacturing drawing. A small Ti-6Al-4V
cylinder was first built at the centre of the substrate and followed
by building a Ti-6Al-4V cylinder of 1.9 mm thick as the main
body of the component. Multi-layers of Ti-6Al-4V alloy were
clad on the cylinder near the open end to form the shape required
by the design (figure 4a), ready for final machining of the hous-
ing inside features.

After the machining, a small Ti-6Al-4V solid pad was laser-
deposited at the required position on the cylinder and a small tube
(12.7 mm in diameter) was built on the pad. The tube was used to
hold the part in a chuck to build the integrated Ti-6Al-4V boom
on the cylinder. Laser cladding of Ti-6Al-4V was used at the end
of the boom to increase its resistance to deformation. Finally, four
pads were built onto the clad layer. Figure 4b shows the laser-con-
solidated Ti-6Al-4V housing #2 with integrated boom after grind-
ing the surfaces of pads and boom end. 

Two sets of Ti-6Al-4V structural components of ARMS were suc-
cessfully manufactured using the LC process. All components
showed excellent metallurgical quality, without cracking, porosi-
ty or other defects.

Figure 2. Laser consolidated Ti-6Al-4V boom (a)  test piece on flat Ti-
6Al-4V substrate, (b) as-consolidated boom before the final machining,
(c) finally machined boom.

Figure 3 Laser consolidated Ti-6Al-4V
parts (a) as-consolidated interface on

flat substrate, (b) as-consolidated hous-
ing #1 with the interface, 

(c) housing #1 after final machining.

Figure 4. Laser consolidated Ti-6Al-4V housing #2 (a) as-consolidated , 
(b) with the integrated boom after machining. 

Figure 5. Repair of mistakenly machined  Ti-6Al-4V housing #1  (a)
patch inside the housing, (b) pad and tube built onto the repaired area. 
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Repair of mistakenly machined component
During the manufacturing of the Ti-6Al-4V housing #2, a slot was
mistakenly machined in the area where a pad should have been
built. Because of the mistake, the local thickness of the machined
area became substantially thinner than the design requirement.
However, as shown in figure 5 the component was repaired by the
LC technique. A Ti-6Al-4V piece was placed underneath the
machined slot as a patch to form the substrate (figure 5a). A spe-
cific laser path was designed to re-fill the slot with laser consoli-
dated Ti-6Al-4V material on the substrate, then a pad was deposit-
ed on the repaired region. Finally, a Ti-6Al-4V tube was built on
the pad  (figure 5b). After the repair, an integrated Ti-6Al-4V
boom was built on the housing #2 as per the original design. The
patch was finally removed and the repaired components showed
very good quality.

Assembly of ARMS 
The ARMS prototype robotic joint was assembled by MD
Robotics using the LC Ti-6Al-4V structural components along
with the other mechanical and electronic components. Figure 6a
and 6b show close views of the assembled joint and figure.6c
shows the ARMS with required payload during laboratory testing.
The real time testing results demonstrated that the laser-consoli-
dated components performed very well and all design require-
ments such as low weight and high strength were achieved.

Comparison to conventional machining process
Table 2 shows a cost analysis that was conducted to compare the
laser consolidation process with the conventional CNC machining
process for manufacturing Ti-6Al-4V structural components for
ARMS. It was found that long cylindrical parts (such as boom)
with complicated internal features (such as rails locating elec-
tronic cards along the booms) are better suited for the laser con-
solidation process. In addition, a complex component consisting
of two parts integrated into one final assembly (such as the inte-
grated boom on rotary housing) is also suitable for laser consoli-
dation, although careful manufacturing planning is required to
avoid increased tooling cost. However, small parts with easily

turned features (such as housing #1) may
be more cost effective when machined
directly from solids.

Conclusions
The feasibility of manufacturing func-
tional parts of Ti-6Al-4V alloy powders
with complex structure for robotics sys-
tem components using laser consolida-
tion has been successfully established.
The LC components are metallurgically
sound, free of cracks or porosity; and the
process is particularly suited for manu-
facturing components with complicated

internal features or complex components
consisting of multiple parts integrated

into one final assembly that are very difficult or even impossible
to make using conventional manufacturing methods.

Although LC has many potential applications for the manufactur-
ing of complex components for industrial applications, the pro-
cess also has the potential for manufacturing components in
space. LC is a computer aided manufacturing process that lends
itself to remote autonomous operations. The use of powder mate-
rials eliminates the need to launch specific structural shapes (min-
imising launch volume and mass) and the capability to produce
net-shape components simplifies the manufacturing process. In
such a scenario, mechanical designs could be made, modified and
finalised on earth; the CAD models could then be transmitted to
the space-born LC facilities where the manufacturing processes
could be performed, using powder materials, and monitored
remotely. The concept of in-space manufacturing is beginning to
change its nature from a futuristic inspiration to a realistic and
viable solution for the future manufacturing needs of space explo-
ration and utilisation. 
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Figure 6. Assembed ARMS with LC Ti-6Al-4V structural components (a) full view, (b) close up, and (c)
testing with payload

Table 2. Cost comparison of the laser consolidation process and conven-
tional CNC machining

Ti-6Al-4V Components CNC Machining Laser consolidation

Cost Schedule Cost Time

Boom Cannot be manufactured $6,000 10 days

Integrated boom on housing #2 Cannot be manufactured $5,700 10 days

Housing #1 $4,700 4-6 weeks $6,200 11 days

Housing #2 $5,900 4-6 weeks $6,100 10 days
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In the recent years, diamond and diamond-like carbon
films (DLC) with nearly ideal properties have been
developed for use as wear protection, low friction coat-

ings. The hardest DLC films are called tetrahedral bonded
amorphous carbon films (ta-C) and can reach a content of
up to 80 % of the hardness of diamond i.e. 8,000 HV. 

The development of superhard coating technology is vital to
achieving, for example, improvements in the lifetime of highly
loaded systems. Lubricants play a vital role of course; however, to
prevent a failure of the system in the event of the absence of lubri-
cation for even a short time, it is important that highly loaded sur-
faces should have maximum wear resistance combined with a low
friction coefficient, a low sticking tendency and a high chemical
stability. This is often achieved by using hard coatings of, for
example TiN, CrN, ZrN, TiAlN etc. Such coatings are applied
using chemical (CVD) or physical (PVD) deposition technolo-
gies. However, the DLC films applied to engine and transmission
components (for use in the automotive industry, for example) are
currently of the lower hardness variety of DLC. These hydrogen-
containing DLC films, referred to as a-C:H, reach a maximum
hardness of about 2,500 HV. The reason this situation comes
about is largely because a-C:H films can be deposited using the
same industrial coating equipment as is used for hard metal films.
In this paper we describe Laser-Arc-Module (LAM) technology,
which allows higher hardness ta-C coatings to be applied on an
industrial scale. 

Deposition process of ta-C films
Superhard ta-C films up to
10 µm thickness and hard-
ness up to 60 GPa have
been deposited onto steel
substrates using pulse arc
methods developed at
Fraunhofer IWS in
Dresden. Two comple-
mentary concepts have
been worked out, the
pulsed laser-controlled
vacuum arc (Laser-Arco®)
and the pulsed High Current Arc (HCA). They make possible the
scaling up to high DLC deposition rates and large deposition
areas, the necessary prerequisites for an industrial application.
The Laser-Arco® technology was developed as a modular tech-
nique for use in industrial serial coating applications.

The schematic for the Laser-Arco® process is shown in figure 1;
the vacuum discharge is ignited by a short duration laser pulse
(about 100 ns) from a Q-switched Nd:YAG laser which is focused

onto the cathode surface. The
position of the focal spot is var-
ied between pulses by control of
the laser optics; in this way the
cathode area is scanned and
ablated in a systematic manner.
By using a cathode roll instead of
a plane a very high exploitation
of the cathode material can be
achieved by a coordinated cath-
ode rotation and scanning the
laser beam. 

The vacuum arc initiated in this
way is limited by the pulsed cur-
rent supply for the duration of
about 100 µs. The ratio of the
pulse energies delivered by the arc and by the laser, 1000:1, is about
the same as their ratio of their pulse lengths. 

In the scaled-up industrial process, the carbon cathode roll has a
length of about 400 mm and is placed in a separate LAM cham-
ber shown in figure 2. In this way a coating length of about 500
mm can be realised, matching the requirements of industrial batch
coaters. 

The LAM chamber with C-source can be simply integrated with an
industrial batch coater. Such an adapted coater at the Centre for
Coatings and Laser Applications (CCL) of Fraunhofer USA Inc.
used an industrial batch coater (the MZR303 from Metaplas Ionon).
In this way, the ta-C film deposition technology takes  advantage of
the vacuum system, substrate rotation, control unit, plasma clean-
ing; as well as dc-arc deposition of metal or hard metal coatings
etc.of the conventional coating unit. It also means that new ways
are opened up for designing new coating combinations.

The LAM module consists of 4 components, the LAM chamber
with the C-source, the pulse laser with focusing optics and scan-
ner unit, pulsed high current supply and a control unit. 

Adherence of ta-C films
The same basic conditions required for the deposition of ta-C
films (i.e. high particle energies and low substrate temperatures)
are also critical to the adherence of such films. A stable bonding
of the film to the substrate demands the removal of adherent
cover layers or their integration into the film system. By using
nano-technological concepts for the formation of the interface
(including ultra-thin metallic interlayers) and for the carbon film
(including nm-multi-layers of carbon with different density) the
interface strength can be markedly increased and internal stress-
es significantly reduced. 

Laser-assisted deposition of superhard carbon coatings

Eckhard Beyer*+, H.-J. Scheibe*, B. Schultrich* and V. Weihnacht*
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Figure 1. Schematic of the Laser-Arco®
evaporation process

Figure 2. LAM chamber with car-
bon source
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Using the above-mentioned techniques, optimised ta-C films have
been deposited at Fraunhofer IWS. Films have been deposited
with a thickness above 5 µm and with excellent adherence, on
tools and components used for applications presenting hard tribo-
logical conditions. The trade name of the Fraunhofer IWS ta-C
films is Diamor® (= diamond + amorphous).  

The mechanical properties of the Diamor® film, especially the
Young’s Modulus, has been studied during the last years mainly
by means of ultrasonic surface waves. The Young’s modulus
varies for amorphous carbon films over an extreme range from 
< 100 GPa up to > 700 GPa and the elastic constants and the
macroscopic plastic behaviour of these carbon films are strongly
correlated. As a well proven rule of thumb, the hardness lies
above one tenth of the Young’s modulus. 

Results demonstrate that the Young’s modulus (hardness) of the
Diamor® can be tailored. For the transition from the high level to
the low level of abrasive wear it is sufficient to exceed the hard-
ness of the contacting material by a factor 1.2. Consequently for
most tribological applications of such films, a hardness range
between 40 and 60 GPa (4000 and 6000 HV) is preferred, which
is far above the hardness of metallic or ceramic materials. 

The friction behaviour of Diamor® has been compared to that of
classic hard coatings (TiN, CrN) by a fretting tribometer (ball on
disk). The results demonstrate the improvement in the tribologi-
cal properties of ta-C films in comparison to classic hard coating. 

Application of ta-C films
The combination of high hardness, low friction coefficient, low
adhesion inclination and high chemical inertness makes ta-C
films a very promising candidate for improved protection and
reduced friction for tools and components. Furthermore, carbon
is harmless to the human body and environmentally friendly. Of
particular interest are applications where lubricants should be
avoided,such as in the food or pharmaceutical industry.
Examples include the successful use of Diamor® films on parts
in beverage automats or on stamps used to compact powders or
for use in food packaging and textile machines. Examples are
provided in figure 3. The use of such coatings for human
implants is under development. 

Another promising field of applications is where (due to the insuf-
ficient load carrying capacity of the lubricant) boundary lubrica-
tion may occur, or where, in the case of an absence of lubrication,
certain emergency running must be ensured. In addition to its use

in gliding parts, ta-C films have been proven in the machining of
non-ferrous metals and in metal forming, especially under critical
lubrication conditions, up to dry machining.  

Conclusions
The ta-C films are alternative protective coatings that can
improve wear resistance and reduce friction under extremely
loading conditions (no lubrication or break down of lubrication),
in comparison with the classic hard or Me-C:H / Me-C:DLC coat-
ings. Previous disadvantages of ta-C films, of being unable to
deposit a film of sufficient thickness and proven adhesion to the
substrate material, have been solved by use of thin metallic inter-
layers with nano-designed interfaces, without losing the advan-
tage of low temperature deposition. 

With the LAM concept of the Laser-Arco® technology, an indus-
trial usable concept has been introduced for series coating of tools
and components with ta-C films (Diamor®). The combination of
industrial used batch coaters with the Laser-Arc® module (LAM)
opens also possibilities for designing new generations of classic
hard coatings with super hard top layers. 
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Figure 3.  (top row)
Diamor®- coated compo-
nents of machines of pack-
aging industry, (bottom row)
Diamor®-coated tools for
machining of nonferrous
metals and metal forming.
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Deep-section concrete cutting has many applications in
civil and structural engineering, from nuclear decom-
missioning, to sustainable demolition, to road, bridge

and dam repairs. The most commonly used techniques include
stitch drilling, diamond-wire sawing, which is more efficient
than stitch drilling but requires access from both sides, water-
jet or abrasive water-jet cutting and flame-jet cutting.
However, all these techniques create considerable amounts of
effluent by way of cooling-water or process fumes and dust,
can be extremely noisy and unwieldy, and, in general, require
close operator proximity.  Laser concrete cutting promises the
possibility of very effective and easy waste management along
with remote operability and thus could find a niche in e.g. the
nuclear decommissioning market where cutting speed might
be less important than waste management issues. 

To the authors knowledge, the maximum thickness of concrete cut
by laser has previously been 180 mm, using a 15 kW CO2 laser.
However, in a BNFL-sponsored development project at UMIST it
has been shown that deep cuts of up to 500 mm - a new world
record for concrete cutting depth - can be obtained fairly easily
with a 1.2 kW laser using an innovative new technique, see figure
1. The technique, patented by the authors (World Patent WO
2004/028735), involves multi-passing the beam and mechanical-

ly removing the solidified dross
between passes. The result in figure 1
was achieved with a raw beam of 16
mm diameter traversed at a speed of 1
mm.s-1 for 248 passes. 

The concrete samples were manufac-
tured from Portland cement and lime-
stone aggregate: the main reason for
the ragged edge to the cut is that ran-
dom distribution of the limestone
aggregate, which requires more ener-
gy for melting than does Portland
cement. 

A number of techniques for achieving
dross removal are possible; figure 2
shows one such technique in action.
Figure 3 shows a laser track before and
after dross removal. A large percentage
of the mass loss during melting is due
to dehydration and decarbonisation.
The bubbles inside the molten dross
are formed by boiling the molten con-
crete and probably by steam and CO2
moving through the melt.

Comparison of laser types
A Rofin-Sinar RS-1000 fast axial flow 1.2 kW CO2 laser operat-
ing at 10.6 µm wavelength and a Laserline LDL-160-1500 1.5
kW high-power diode laser (HPDL) emitting at 808 nm and 940
nm, were used in the investigation..

A comparison between the performance of the CO2 and diode
lasers is given in figure 4 for the same laser power density of the
concrete surface. The same kerf depth of 120 mm was reached
after 74 passes using the HPDL as after 94 passes using the CO2
laser, a 30% improvement. 

It is obvious, even in the photographs in Figure 4, that the final
CO2 cut displays a different trend to the diode cut. The CO2 kerf,

Figure 3. A single CO2 laser track before (l) and after dross removal. A
large percentage of the mass loss during melting is due to dehydration
and decarbonisation. The bubbles inside the molten dross are formed by
boiling the molten concrete and probably by steam and CO2 moving
through the melt from the region immediately below the melt pool.
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Laser cutting of thick concrete 
Philip Crouse* and Lin Li

Department of Mechanical, Aerospace, and Manufacturing Engineering UMIST
PO Box 88    Sackville Street    Manchester  M60 1QD    UK

*T: +44 (0)161 2003806   F: +44 (0)161 2003803   E: P.Crouse@umist.ac.uk

Julian Spencer
BNFL

Hinton House    Risley    Warrington  WA3 6AS    UK

Figure 1. World record! 
Cut through 500mm thick
concrete using a 1.2 kW CO2

laser

Top

Bottom

Figure 2. A proven technique for crushing the solidified dross  for practi-
cal application where containment of waste is important. The dross is
crushed by a stainless steel tube, vibrated vertically with a pneumatic
actuator.  The tube is coupled to a vacuum system, and the crushed
material is extracted to a filter bag.  The typical particle sizes of 1-2 mm
are easily handled by pneumatic transport systems.  



produced by a circular beam, is narrower, and tapers more strong-
ly at the top. The rectangular diode beam, by contrast, produces a
kerf that is more clearly parallel, and appears to converge to a
constant width much more rapidly.

It is worth noting that, in all cases, the last few centimetres of the
concrete samples crack through under the thermal stress load.
The practical implication of this is that during cutting the laser
does not necessarily have to penetrate the concrete fully, risking
laser damage to items on the far side of the concrete, to achieve a
complete cut. Often the last few centimetres crack after a few
days on the shelf as a result of the dehydration and decarbonisa-
tion of the concrete.

A numerical simulation for a single pass using a circular CO2 laser
beam and the rectangular beam from a HPDL predict the same
trends as the experiments, viz. the HPDL penetrates deeper, and
has a wider kerf. The greater penetration depth of the HPDL beam
is attributable to two factors:  (a) the greater Beer-Lambert pene-
tration depth in the visible region of the spectrum; and (b) the
higher reflectivity of the kerf in the infrared.  The wider kerf can
be explained as follows: In the case of the circular CO2 beam,
maximum energy is deposited at the beam centreline, and thus
obviously a higher penetration rate will be achieved at the kerf
centre.  This effect is enhanced by the fact the higher temperature
gradients exist at the edges of the beam spot, resulting in higher
conductive loses at the edges and a higher temperature in the cen-
tre region. The combined effect results in a single-pass kerf which
is narrower and more tapered than the kerf produced by the rect-
angular beam of the HPDL. The physical properties of concrete
used are extremely variable between batches, making accurate
models very difficult.

The calculated temperature at the top centre of the melt pool is at
the boiling point, but the simulation does not imply heavy evapo-
ration. The calculated maximum temperature value is neverthe-
less satisfactory, as some evaporation is observed to take place,
with evaporative losses being of the order of 10%, and substantial
bubble formation inside the cooled dross is observed. The latter
fact makes the re-solidified dross bubbly, friable and very easily
removed mechanically.  

Cutting through reinforcing steel bar
Results of tests investigating the possibility of cutting through
reinforcing steel bar (rebar) are given in figure 5. Only the tests
with the HPDL were successful, undoubtedly due to the higher
penetration depth and lower reflectivity achieved in the visible
region of the spectrum on the mild steel. With an appropriately
placed oxygen jet, and a high enough gas flow rate it proved pos-

sible to cut through the rebar with a single pass, under the same
operating conditions used for cutting concrete only.  The laser
power density used was several orders of magnitude lower than
any reported values for cutting steels of similar thickness.

The experimental parameters used here were roughly the same as
those used in the comparative study (see figure 4). The implica-
tion is that refocusing optics are not required in practical applica-
tions for deep section concrete cutting, making for a very simple
rig design. The power density required for igniting the rebar
inside the concrete was three times lower than that required for a
free-standing bar. Undoubtedly the proximity of the hot refracto-
ry over-layer, at a temperature well above the combustion tem-
perature of mild steel, makes this possible.

Summary and conclusions
Laser-based, multi-pass concrete cutting has been shown to be
feasible to depths of 500 mm using a CO2 laser with a circular
beam, and there appears to be no limit to the final depth achiev-
able, provided an appropriate dross removal mechanism can be
implemented. The kerf width converges over the first 100 to 200
mm, but then approaches a constant value. At 1 kW and a traverse
speed of 2 and 1 mm.s-1, penetration rates of 1 and 2 mm per pass,
respectively, were obtained using the raw laser beam. 

For practical purposes a high-powered diode laser, rather than a
CO2 laser, is the instrument of choice. The multimode HPDL
yields a 20% higher penetration rate,  on average 1.6 mm per pass,
and a removal rate of 150 cm3.kWh-1, at a power density of 
1.0-1.1 kW.cm-2 and a traverse speed of 2 mm.s-1, as compared
with 1.3 mm per pass and 100 cm3.kWh-1 for the CO2 laser under
equivalent experimental conditions, operating with a defocused
circular beam in the TEM01 mode. The rectangular beam shape of
the HPDL affords a wider and more parallel kerf, extremely
important for deep-section concrete cutting. Furthermore, the
HPDL is small and compact and the laser oscillator itself could
form part of a mobile rig constructed for this application.
Alternatively the beam could be deployed by fibre optic cable, in
which case, however, the advantage of the rectangular beam
would be lost. 

The waste stream is predominantly in the form of crushed glassy
material, easily vacuum extracted into an appropriate filter sys-
tem. It is possible to cut through rebar without refocusing to
adjust power density, using an appropriate oxygen jet.
Application of this patented technique is thus possible for rein-
forced concrete. 

Figure 4. Comparison of CO2 and HPDL cutting of a concrete slab. 
(l) CO2 laser, at 1.0-1.2 kW.cm-2 and 2 mm.s-1; (r) HPDL, at 1.0-1.2
kW.cm-2 and 2 mm.s-1, using a defocused beam and 74 passes . In both
cases the solidified dross was mechanically removed between passes
and the concrete block raised between passes to maintain the same dis-
tance between the lens and the laser-concrete interaction surface. 
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This article is based on a paper presented at ICALEO (Jacksonville 13-16 October 2003) and
is published with kind permission of the Laser Institute of America

Figure 5. Cross section of
reinforced concrete cut
with a high-power diode
laser by catastrophic com-
bustion: 

Also see ‘Observations’ on p39
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Safety

With the recent release of IEC TR 60825: 2004 ‘Safety of
Laser products - Part 14: A user’s guide’, laser users at last
have international guidance that is up to date and risk assess-
ment based.

The origins of this new technical report date back to 1998 when,
in a totally separate activity to the revision of part 1 standard, the
British Standards Institute commissioned a draft revision to laser
user guidance. Bryan Tozer (Lasermet), Roy Henderson
(Bioptica), Steve Walker (HSE) and this author undertook the
work to update the material using a risk assessment approach,
thereby overcoming the constraints imposed by basing precau-
tions on product classification alone. It is from this draft that these
new international guidelines have evolved. The release of part 14
and the imminent withdrawal of section 3 (user’s guide) from EN
60825-1 ‘Safety of Laser Products – Part 1 ‘Equipment classifi-
cation, requirements and user’s guide’ introduces for the first time
an approach to laser safety that is in line with European workplace
legislation.

The new user guidance
The new guidelines are thorough and up to date and users will
appreciate a number of useful features and additional explana-
tion including: 

• Responsibilities for laser safety
The role of the employer, the LSO and the external consultant
is clarified. Laser safety training requirements are listed. Note:
a LSO is recommended where Class 1M or 2M (collimated
beam variety only), 3B, 4 or embedded lasers are used.

• Servicing embedded laser products
Explains more fully the procedures for servicing laser equip-
ment. Users of Class 1 laser machines will particularly appre-
ciate the guidance, which includes the design of temporary
enclosures, controls during servicing and how to deal with
visiting service engineers.  

• Assessment of laser exposure
A clear explanation of when and how to assess laser exposure
by measurement and calculation is provided. In particular, the
MPE tables in 60825-1 are presented in a more user-friendly
way, separating MPE values for point source viewing (the
most common situation)  from those for extended source. The
explanation of how to calculate MPE has also been improved.

Evaluating risk
Including a simplified risk assessment approach, with consid-
erations of severity of injury that goes beyond simply whether
or not the MPE has been exceeded. 

Control measures
The section on the implementation of control measures has
been updated and expanded. Detailed guidance is provided on
such topics as designing interlock systems, options for design-
ing laser-controlled areas, local rules and procedures and how
to approach risk reduction.

• Laser safety eyewear

The guide includes a detailed description of the process of select-
ing laser safety eyewear, both filter rating and overall design. It
includes an excellent section on the circumstances where eye-
wear should and should not be used.

Default protective control measures
TR 60825-14 recognises that for the lower classes of laser prod-
uct (1, 1M, 2, 2M, 3R) the classification scheme provides a rea-
sonable guide in most cases of the potential of the laser to do
harm; also that a safe way of working with these lasers can usu-
ally be achieved with administrative controls alone (i.e. simple
training enforced by warning labels). There are, of course, situa-
tions where even these lower classes of laser can give rise to an
injury, perhaps through the involvement of untrained people or
maybe a dazzle-induced injury. For this reason, the measures
summarised in the table above are referred to as ‘default’ protec-
tive measures i.e. the user is recommended to either implement
them all or to carry out a risk assessment.  

However, for Class 3B and Class 4, the user guide offers no
alternative to a risk assessment. For these higher classes, where
even an accidental exposure to the laser output is likely to result
in an injury, the classification scheme has little to offer on the
matter and a risk assessment is essential. Without such an
assessment, the precautions that would apply to a user of a far
infrared 495 mW Class 3B laser would be the same as would
apply to a user of a 6 mW Class 3B diode laser operating at 635
nm (red); or, with the additional consideration of fire and skin
burns, to a user of an open beam 10 kW Class 4 laser. By adopt-
ing a risk assessment approach it is more likely that an appro-
priate choice of control measures will be made, proportionate to
the severity and likelihood of the potential injury. 

The new laser user’s guide IEC TR 60825-14:2004
Mike Green

Pro Laser Consultants
Oxford House    100 Ock Street    Abingdon    Oxon.  OX14 5DH

T: +44 1235 550522    F: +44 1235 550499    E: mikeg@prolaser.co.uk

Extract from 60825-14 table of default protective control measures 

CLASS PROTECTIVE CONTROL MEASURES

1 No protective control measures are necessary under conditions
of normal operation. (This may not be the case under condi-
tions of maintenance or service.)

In the case of embedded laser products containing a laser of
higher power, follow instructions given on warning labels and
supplied by the manufacturer

Special precautions may be needed for on-site servicing of
embedded laser products.

2 Do not stare into the beam

Do not direct the beam at other people or into areas where
other people unconnected with the laser work might be present

3R Prevent direct eye exposure to the beam

Do not direct the beam at other people or into areas where
other people unconnected with the laser work might be present

3B & 4 Class 3B and 4 laser products should not be used without first
carrying out a risk assessment to determine the protective con-
trol measures necessary to ensure safe operation

Where reasonably practicable, use engineering means, as spec-
ified in IEC 60825-1, to reduce the laser class below Class 3B.
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Key elements of cost of ownership...
Keith Withnall

It is often difficult to accurately forecast and compare costs when chang-
ing over to laser technology for the first time, not least, because the cur-
rent costs of manufacture using conventional non-laser technology are
not always readily available. Also, some of the benefits of laser process-
ing are often intangible from a cost perspective, and companies typically
are not currently calculating the additional costs associated with conven-
tional processing, for example, when comparing laser or laser hybrid
welding with conventional MIG welding, there are usually obvious ben-
efits in terms of processing speed, however, other benefits such as
reduced heat input, reduced distortion, and reduced spattering, although
observable, can be difficult to quantify from a cost perspective. The laser
process may offer a more reliable process, with improved weld quality,
surface appearance, reduced heat input / thermal distortion , and even
allow for manual part handling immediately after welding which would
not be possible with some conventional welding processes, but factoring
in the cost benefits of these issues is often overlooked. 

Tailoring part and fixture design specifically for laser processing / man-
ufacture, and carefully selecting the best laser type and beam quality for
the application is still extremely important in order to ensure that the
laser can get a fair chance to show its true production potential in terms
of production speed and cost saving.

Craig Bratt Fraunhofer USA

Optics for pulsed laser machining of glass
Leo Beckmann

Have you ever wondered what a high performance laser scan lens has to
achieve? It must have most of the following properties:-

• For diffraction limited performance it needs all aberrations to be well
corrected: spherical aberration; coma; astigmatism; field curvature;

• The entrance pupil (where the scan mirrors are placed) must be out-
side the lens group;

• Telecentric illumination (optional); 

• Precise f-theta scan characteristics (optional);

• A wide scan field (up to 60 deg. or more);

• Freedom from internal ghost images.

The layout illustrated in Leo Beckmann's paper is typical of many scan
lenses - a negative lens followed by up to 3 positive lens elements. It is
quite remarkable that so much performance can be achieved with so few
elements - 3 element designs can have excellent performance while 4 ele-
ment designs being occasionally required when the system is telecentric
or has exceptional distortion correction (f-theta). 

It is also remarkable that in general, the choice of glass types is not par-
ticularly critical: in laser scan systems the negative lens can usually made
of BK7 (a low index crown glass) and the positive elements made from
low cost high index flint glasses such as SF15 or SF11. Because of this
the glass selection process can be used to control the position of the ghost
images.

As Dr Beckmann points out, colour correction is not normally required.
However a warning might not be amiss. The selection of a crown glass
for the negative lens and a flint glass for the positive elements means that
the lens has no colour correction; indeed the lens system might be
described as a superchromat, the chromatic aberration being exaggerated
by the choice of glasses!  This is quite acceptable when used with most

lasers - HeNe, YAG etc - but not when used with, for example, a Nichia
405 nm diode laser - just look at the spread of wavelengths from one of
these devices.  I can claim to have fallen for this one and produced a scan
lens for a violet laser where the spot was diffraction limited on axis but
spread by transverse chromatic aberration into an ellipse of about 6:1
aspect ratio at 30 degree field angle.

Dr Beckmann's paper is particularly valuable in giving some useful and
easily remembered data on spot sizes and the power thresholds for the
machining of glass. The section on dealing with ghost images gives a
considerable insight into the causes and suppression of ghost images. I
believe that there is another cause of ghost imaging which may need con-
sideration.  The lower surface of the glass block also creates a ghost
image, usually somewhere between the lens and the laser - this region
presents the occasional fold mirror or beam expander which might at risk
of laser damage from this cause.

Dr Beckmann mentions briefly that laser scan lenses usually have a scan
characteristic where the image point position is approximately propor-
tional to the scan angle - the lens being said to have an f-theta distortion
characteristic. I would recommend reference to a paper ‘Optics for scan-
ning systems - an introduction’ by David Greening in this magazine
(Issue 14, p 26. Nov 99).

Eddie Judd Davin  Optronics Ltd

Having picked up one of those 3D engravings in a block of glass a cou-
ple of Munich laser shows ago (before they appeared in shops), I was
interested to see this article.

I had not appreciated that the power densities achieved were quite so
high. The problem of ghost images that damage optics is one that the
designer of the large research lasers have had to look out for. Here a
reflection off one surface could end up being focused inside another ele-
ment way back down the long optical path. As Dr Beckmann says, it is a
very tedious process to eliminate all such possibilities.

Another point that he touches on is the term 'f-theta' in connection with a
scanning lens. Most people ask for a 'f-theta lens', although their need for
the f-theta correction is probably unnecessary as the computer controlled
scanning mirrors can correct for it. Indeed the two scanning mirrors intro-
duce their own form of distortion which can only be corrected via the
computer control. The use of a true f-theta lens makes more sense in 1-D
scanning using a single mirror.

Nick Ellis Umicore Laser Optics Ltd, UK

The Value of Beam Profiling
Larry Green

Those who know me will be aware that I have rattled on about the neces-
sity for realtime on-line beam monitoring since the mid-70s. There was,
and still is, a very good reason for this. Since I was involved in the devel-
opment of applications for CO2 lasers for industrial customers I noticed
that they always wanted to drive the process to the limit. There were
always very good commercial reasons for this. Laser systems were very
expensive so everyone wanted to cut or weld thicker and faster and make
the laser earn its keep. The result was that, at these performance
extremes, the process tolerance limits were very narrow. The slightest
variation in the cutting gas quality, beam-line purge gas humidity, clean-
liness of the optics, fume removal efficiency etc. etc. and the process
would falter. When this happened the laser got a bad name and a number
of potential money-earners were abandoned. Small wonder that we want-
ed to monitor beam quality.

Observations
'Observations' are short comments on some of the papers in this issue of the magazine, highlighting points

that the general reader might find helpful and placing the paper in a broader context
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Naturally, one solution would have been to choose a more tolerant appli-
cation. The trouble is that the laser is capable of performing work so pre-
cise that it couldn’t be done by any other process. For this reason many
low tolerance applications have proliferated. Quality assurance of these
products is almost impossible without on-line beam profiling. It’s not that
you have to produce and maintain a perfect M2=1.01 beam quality but
you must maintain the beam mode quality that works for your process. I
strongly endorse Larry’s arguments and urge all users of low tolerance
processes to budget for a laser system that includes a beam profile mon-
itor - along with monitors of the other process critical input factors. If you
can get by with burn prints then you must have a highly tolerant process!

Brooke Ward The Europtics Partnership

With improved understanding of the processes involved in the interaction
of high-power lasers with a variety of advanced materials, beam profil-
ing is becoming an increasingly important part of all laser material pro-
cessing applications. This is particularly true (i) in research and develop-
ment situations where the process window in terms of pulse energy, pulse
duration, spot size etc. are determined and (ii), where the laser beam is
being used to achieve effects (e.g. very small spot size) that are at the
limit achievable with the laser systems available. In routine laser pro-
cessing, whether one uses a beam profiling system will depend on (i) the
level of profile control required for the application, (ii) the impact of pro-
file variations (spatial or temporal) on the quality of the finished product,
and (iii) the cost of materials. In routine processing, possibly the largest
part of the laser market, often it is not until the laser user does encounter
problems that an appreciation is gained on how substantially laser profile
issues can affect the quality of the process, at which stage downtime and
material scrap are inevitable. The assumption may have been made that
issues such as beam profiling have been checked at the R&D stage and
thus regular checks on such lasers may be lacking in a production set-up.
A key point from the article is the importance of understanding the char-
acteristics of the laser as it ages, which only really occurs in routine pro-
cessing and not during the R&D phase where most of the higher-level
checks are performed on the laser.  

The level of integration and response time of real-time inspection and qual-
ity control systems, which can detect faulty operation, will also influence
the decision on whether to implement laser beam profiling. Depending on
the details of the laser system, online beam profiling may also have the
advantage that early detection will be accompanied by sufficient diagnos-
tic information to suggest the appropriate corrective action. The article out-
lines how laser beam profiling technology has advanced to a stage where it
is now both easy to implement and use and this should encourage laser
users more than ever to make their own estimate of payback time for a pro-
filing system based on the benefits it provides.

Helen Howard National Centre for Laser Applications, Ireland

Larry's article brings home some of the key issues associated with beam
profiling. Laser users are still of the opinion that beam profiling is a sci-
entific pursuit and has no place in the production environment. The per-
ception is still that it is too expensive and difficult to interpret: but listen
up everybody, things have changed! A new generation of beam monitor-
ing solutions are giving users the chance to gauge changes to key beam
parameters such as beam diameter, pointing stability and mode in-line
and on-line….and all at a very affordable cost. As Larry quite rightly
points out the only way laser monitoring will be widely adopted is if the
cost benefit can be proved to end users. Less scrap, more effective pre-
ventative maintenance and simplified alignment are all aspect that will
quickly pay for on-line beam monitoring. 

I can even see the day that laser service engineers will employ such tools
to good effect. How often have you seen someone make a mode burn
look quizzically at it for a few seconds and then say that it looks alright!
A more quantitative technique has been desperately required for the last
20 years. Alignment of optical gantries also cries out for improved instru-
mentation. Burn prints analysed by the naked eye are at best ±0.5mm
while today's monitors can give beam positions to ±50µm. 

These tools exist…it just needs those brave early adopters to help prolif-
erate their industrial use.

Jack Gabzdyl Advanced Laser Solutions

Laser Cutting of Thick Concrete
Philip Crouse, Lin Li and Julian Spencer

It is good to read of some real beefy engineering. It makes a change from
nanotechnology and superb quality fine cuts in metal to read this article
on using raw beams to cut great slabs of reinforced concrete. It is also
refreshing to learn of a new process based on some original thinking.

The concept of melting brittle material and then cracking off the resolid-
ified material which can be sucked into a vacuum cleaning system looks
like a winner for cutting dangerous material such as nuclear waste,
asbestos, and other dust sensitive materials. The most unexpected aspect
of this paper is the ease with which reinforcing rods were cut.  The sug-
gestion in the article is that the surrounding warm concrete helped. It is
still amazing that a power density of around 1kW.cm-2 is capable of such
a deed. The amazing cutting achievements of Bill O’Neil’s LASOX pro-
cess (ref Industrial Laser User Issue 30, 25, March 03) in which the laser
is the match for the oxygen cutting process may have some bearing on
why such low power density in a hot environment can be so successful.

The idea and work described in this article is brilliant, the drawback
seems to be the speed of the process. At 2mm/s removing 1.6mm depth
per pass is excruciatingly slow if faced with, say, a wall 5m long and
500mm thick = 25x105mm2 to be cut at 3.2mm2/s = 9 days at 24hrs/day!
However these are early days and if the process can be done with fibre
optics and diode lasers why not have a few lasers all working at the same
time? I suspect that the alternative of using very much higher powered
lasers would cause a different response from the concrete.

Bill Steen Cambridge University

The development of very deep section cutting by a combination of laser
and mechanical action is a significant achievement. This is particularly
relevant in the case of concrete reinforced with steel bar since this is such
a common building material.

It is always necessary to envisage applications where such a laser method
might be competitive with conventional methods (in this case brute force
mechanical techniques). As in work on laser scabbling at Liverpool and
at UMIST, that line of argument points towards specialist applications
like nuclear decommissioning where access may be provided by the laser
in a remote way in order that personnel and/or equipment might avoid
nuclear contamination. As a result, much of the early work on laser scab-
bling for nuclear decommissioning applications (carried out by Bill Steen
and Lin Li and others at Liverpool) involved the study of laser delivery
over long beam paths. Hence, the question here would be; given that
additional mechanical action is required in this case, what is the advan-
tage over automated mechanical only methods for nuclear decommis-
sioning?

A second issue concerns the amount of vaporised material produced.  If
as the modelling suggests this is a high as 10% of the removed material,
would not this also pose a problem in terms of the possible liberation of
nuclear contaminated material as vapour?

Ken Watkins University of Liverpool

Reply by author Philip Crouse:
In practice every one of the laser-based techniques proposed for nuclear
decommissioning (whether it be scabbling, paint tripping, surface clean-
ing, or cutting) produces waste, and local mechanical action is unavoid-
able. During scabbling, for example, the spalled concrete chips and dust
are released quite forcefully and have to be trapped at the point of con-
tact. The advantage of using a laser is that the waste stream is small and
local, and thus manageable. Quantification of the waste management
efficiency is unavoidably part of the case for acceptance. Mechanical



devices like as vacuum extractors and tools such as the one we are
proposing are lightweight and easily manipulated robotically, hence the
possible advantage of laser-based systems over conventional technolo-
gies.

Laser-assisted deposition of superhard carbon...
Eckhard Beyer et al.

The authors report on new developments in the production of hard coat-
ings based on diamond-like carbon films. The production of thin hard
coatings is an active area of research world-wide because of their wide
range of applications in many industries.  The “Holy Grail” of thin film
research is the production of a coating with diamond-type optical and
mechanical properties. The authors claim a new process, Laser-Arc-
Module technology, a combination of laser and arc technology which has
allowed them to produce tetrahedral bonded amorphous carbon films of
higher hardness using a commercial-size coating facility.  The innovation
in their approach is the use of thin metallic layer on the substrate to
increase film adhesion and lower its internal stresses; a major problem
with previous approaches. The use of a Q-switched Nd:YAG laser allows
better control of the arc discharge. The coating, under the trade name of
Diamor, has been produced with thickness up to 50 microns. 

This is a new and interesting development in the research on hard coat-
ings.  Although the authors show examples of Diamor coated compo-
nents it would have been interesting to show some data on how the coat-
ing compares with more conventional thin film coatings on the same
components under similar operating conditions.  Also, some comments
on the costs involved compared with conventional coatings would have
been useful as at the end of the day; in today's global economy this will
play a major role in the adoption of this technology. 

Milan Brandt Swinburne University of Technology, Australia

There are now a wide range of carbon coatings that can be deposited
using plasma processes. The coating properties vary depending on the
deposition technology used. Industrial applications range from low fric-
tion coatings on bearings through to blood compatible coatings on heart
valves. The tetrahedral bonded amorphous carbon coatings deposited
using the Laser-Arco process has been reported to exhibit very high hard-
ness and excellent adhesion. In order for the commercial end user to
assess this new coating however, it would have been helpful for the
authors to include information on industrial performance trials of coated
parts.

Denis Dowing University College Dublin, Ireland

Manufacturing structural components by laser...
Lijue Xue et al.

This is a very useful example of a realistic component being produced by
laser deposition. The application area envisaged (space stations) raises
the possibility of remote production based on metal powder, CAD
designs, a laser system and a machining centre and hence increases the
visibility of the technique. Some comments are:

- the yield strength and UTS of the as deposited Ti-6Al-4V is similar to
that of the solution  heat treated and aged version of the alloy yet this is
likely to be coincidental in that the’ as deposited’ material is unlikely to
contain the small precipitate particles associated with strengthening in
the heat treated alloy. Other workers have reported that the increase in
yield strength compared with cast and wrought versions of the alloy is
due to the much smaller grain size in the laser deposited material (i.e. the
Hall-Petch effect). Is this the case? The same workers report directional-
ity in the yield strength (with lower values in adjacent directions). The
yield strength of the laser deposited material was measured "along the
build up direction". Is the material indeed anisotropic? Has the yield
strength been measured in directions other than the build direction?

- a possible downside for this method of component production is
fatigue. Has fatigue testing been considered in validating the statement
that the component produced is "metallurgically sound"? It is interesting
that post-machining was carried out (and this may significantly reduce
the propensity to fatigue failure). But fatigue is as likely to be initiated at
internal surfaces as external surfaces. Was machining possible internal-
ly? Was this limited by geometry?

- a final point on the naming of the process itself. We have begun a com-
petition to list the number of names being used in the literature to
describe the same process - Laser Direct Casting (LDC), Direct Metal
Deposition (DMD), Laser Engineered Net Shaping (LENS). Direct Laser
Depositon (DLD), Direct Laser Fabrication (DLF), Laser Fast Freeform
Fabrication (LFFF), Solid Freeform Fabrication (SFFF). Laser Direct
Metal Deposition (LDMD), Controlled Metal Build Up (CMB), Laser
Powder Deposition (LPD) to name a few!  The authors call their process
Freeform Laser Consolidation of just "laser consolidation" (LC). Matters
are comparatively simple in the parallel world of selective laser sintering
which just about everyone calls SLS . The point may not be trivial. How
is a technology going to establish itself, develop standards, attract gov-
ernment funding and company contracts if the practitioners cannot even
agree on what to call it?

Ken Watkins University of Liverpool

Reply by author Lijue Xue:

(1) Strengthening mechanism

As per our team's investigation on various laser-consolidated materials,
high tensile and yield strengths can be attributed to at least two strength-
en mechanisms: one is the refined grain size and the other is the heat
treatment effects due to the rapid cooling rate inherent to the process.
The second mechanism has been observed in laser-consolidated Ti-6Al-
4V alloy as well as tool steels.  We are going to publish our findings
shortly.

(2) Anisotropic issue

For the reported processing conditions, the laser-deposited Ti-6Al-4V
does not show anisotropic microstructure, which is different from our
observation in IN-625, IN-738 and Stellite alloys.  Due to the microstruc-
ture observation, we only measured the mechanical properties along the
buildup direction.

(3) Fatigue life

We reported our preliminary investigation on the fatigue life of the laser-
consolidated Ti-6Al-4V alloy in the proceedings of ICALEO' 2002 (Ref. 4).
Based on the work, the fatigue life of the as-consolidated Ti-6Al-4V is
significantly longer than as-cast Ti-6Al-4V alloy.

(4) Name of the process

Many names were indeed used by other players for similar laser powder
deposition processes. However, please keep in mind that NRC's laser
consolidation is a unique process that produces net shape parts of many
materials (Ref.1-6) with substantially better surface finish than has been
achieved using similar processes for creating near net shape parts.
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My imagination was found wanting at this MTA Seminar
“Sharing Tomorrows Technology Today” at Birmingham
University.  An ink jet printer with a droplet size of 1 µm,
a ball-ended end-mill of 50 µm diameter, a servo with a
time constant of 1 ns, a displacement transducer with a
resolution of 10 pm, and die-sinking with a 10 µm elec-
trode all require a mental jump.  However, all these fea-
tured in this fascinating seminar as production or devel-
opment reality.

I had hesitated to go as the advance publicity seemed to
exclude content on laser processing, so I was expecting
an unbalanced event. The reality was a balanced presen-
tation of processes and applications that included proper
acknowledgement of the considerable role of lasers at
this scale. The meeting was excellently organised and attracted
160 pre-registered delegates.

The two overview presentations, by Professor David Allen of
Cranfield University and Axel Demmer of IPT Aachen, alone
were worth the journey to Birmingham.

Prof Allen d.allen@cranfield.ac.uk predicted market growth in
MST products (see Terminology) from 28B USD in 2002 to 68 B
USD in 2005, the 2004 market expected to be 45B USD.  He con-
cluded that:

o Centres of MEMS excellence are currently scattered across the
UK but in the next few years the UK micro- and nano- manu-
facturing effort will become more coordinated.

o We have the technology in the UK.

o Bio-MEMS will become strategically important to the UK.

o The artificial boundary between micro- and nano-manufactur-
ing will disappear. The product is important; not the definition!

o More collaboration will be seen between academia and indus-
try in the new National MEMS facilities. 

Mr Demmer axel.demmer@ipt.fraunhofer.de reviewed the tech-
nologies by world region, market size and technology maturity.
He concluded that the limitation of the transfer of the technologies
into real products is partly due to:

o low industrial maturity of the manufacturing technologies
(process stability)

o lack of technological knowledge for the design and develop-
ment of new products -(manufacturing specific design, tech-
nology limits, design rules)

o limited accessible knowledge of industrial product and process
requirements

Roger Onions of Delcam rjo@delcam.com highlighted the special
needs that micro-processing brings to CADCAM systems and the
progress that has been made in meeting them.  Prominent amongst
the problems are coping with the fragility of very small tools and
the high resolution required of the system.  The working area may
be up to a metre with the need to achieve sub-_m features.

David Edwards dedwards@matsuura.co.uk of Matsuura
Machinery discussed the implications of micro-machining using
chip-forming machines, including the new technical solutions that
must be adopted in every aspect of the machine design and con-
struction.

Graham Peggs of NPL graham.peggs@npl.co.uk
addressed the metrology needs of nanotechnology, which
include chemical and physical measurement require-
ments as well as those of dimension.  He described a
number of impressive approaches being developed by
NPL and put them into the context of applications in
development.  Although the resulting measurements are
most valuable some of them can be made to only limited
accuracy.

Professor Trevor Dean of Birmingham University
t.a.dean@bham.ac.uk was to have spoken on the produc-
tion of cold and warm forming of micro-parts but was pre-
vented by a motorcycle accident the previous day.  His
slides were included in the CD-ROM of the proceedings

provided to all delegates. This discusses the changes in forming
processes for sheet and wire as the component dimensions
approach the grain size of the material.

The extraordinary variety of work being undertaken by EDM pro-
cesses was described by Hanspeter Gruber of Agie hanspeter.gru-
ber@agie.ch. Many of the examples used tools that were them-
selves produced by EDM, some in-process, like the 10 µm drill
used in the demonstration. He also presented the Agie Nano, a
five axis machine of 8 mm travel and 5nm static resolution.

Professor Peter Brett p.n.brett@aston.ac.uk of Aston University
Biomedical Engineering Department introduced another mind-
bending shift of view. For medical applications, workpiece
dimensions are unknown, or known with inadequate accuracy, so
machines are required to perform functions described qualitative-
ly: “drill just to the other side”, “follow the surface/passage”.
This had led to the development of complex actuators and sensing
systems with numerous degrees of freedom. Operations at the
cell-level require manipulations that are too small for the human
surgeon, even if they are visible.  He concluded that:

o There is a growing need for small scale access  and micro-ther-
apy, requiring the support of micro-manufacturing technologies.

o In surgery, example applications extend from small tools to
interact with tissues through to individual cells.

o In this application sector attention to compatibility with tis-
sues, operators and organisation of therapy is important.

Trevor Frazer of DTI trevor.fraser@dti.gov.uk outlined the
national and European support that is available through the Micro
and Nanotechnology Manufacturing Initiative.  The situation is
complicated by the fact that some funding is available direct from
DTI whilst other support is channelled via the regional develop-
ment agencies, although DTI and the RDAs are trying to cooper-
ate in this initiative for the first time.

Germany contributes 23% of the funding input into European R&D
programmes and UK is in second place with France a close third.

The uninspiring concluding talk by Peter Cook of MTA included
the remarkable fact that there is a factory in China making 120
CNC lathes per day.

Impressive demonstrations included milling, wire-EDM and EDM
drilling, and provoked much discussion amongst the visitors.

Tim Weedon

Review of MTA seminar ‘Micro and Nano Manufacturing’ 30 June 2004

Disk drive suspension
head (Hutchinson
Technology photo)
[Allen
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September
29 Step into the Light II 

Make It With Lasers 
TWI, Cambridge
Info: http://www.miwl.org.uk

30 Manufacturing Partnerships - Overseas (AM only)
The Confederation of British Metalforming 
and UK Trade Investment
National Metalforming Centre, West Bromwich
Info: info@britishmetalforming.com

October
4 ICALEO 2004 (4 - 7)

Laser Institute of America
San Francisco, California, USA
Info: http://www.icaleo.org  (see advert on page 30)

20 AILU Technology workshop
Subcontract laser processing: the future
National Metalforming Centre, West Bromwich
Info: Contact AILU to register.

21 Laser Technology Transfer Seminar
Cork Institute of Technology
Dunraven Arms Hotel, Adare, Co. Limerick, Ireland
Info: CAMMS@cit.ie/lmp)

November
30 AILU Technology workshop

Laser-assisted Joining
Welding, brazing, preparation for adhesive bonding and
other laser-based joining processes
BAE Systems BAWA Centre, Bristol
Info: Contact AILU for preliminary details

Further ahead...
7 - 10 March 2005 International Laser Safety Conference

Laser Institute of America
Marina del Rey, California, USA
Info: http://www.laserinstitute.org
Abstracts deadline:  15 October 2004

24 - 26 May 2005 Subcon 2005
Centaur Communications Ltd
NEC Birmingham
Info: http://www.subconshow.co.uk (see feature on this page)

23 - 27 May 2005 2nd International Conference on Laser
Technologies in Welding and Materials Processing
The Paton Welding Journal
Katsiveli, Black Sea Coast, Ukraine
Info: www.iaw.com/conferences/laser05.html
Abstracts deadline:  15 November 2004

12 - 17 June 2005  CLEO Europe - EQEC 2005
European Physical Society
Munich, Germany
Info: http://www.cleoeurope.org

Events

The University of Liverpool will be offering one week Short
Course modules for industry participants as folows:

27th September - 1st October 2004: Introduction to Laser
Materials Processing

11th - 15th October 2004: Optics and Optical Effects

8th - 12th November 2004  Medical Applications of Lasers

22nd - 26th November 2004   Economics in Laser Engineering

14th - 18th February 2005  Laser Cutting

28th February - 4th March 2005  Laser Surface Processing

14th - 18th March  2005  Laser Welding

4th - 8th April 2005  Laser Microprocessing

The fee for attendance for each module is £650. 

In the coming year (in an initiative sponsored by NATEC - The
Northern Aerospace Technology Exploitation Centre) up to 20
places for personnel from small companies will be available at
the reduced rate of £250 per module.

Further details, including an outline syllabus for each module
and details of how to apply on-line, can be found at
http://www.lasers.org.uk/Courses/short.htm 

Laser Engineering at Liverpool

AILU has thrown its support behind Subcon 2005, the UK's pre-
mier subcontracting show, which takes place from the 24th to the
26th of May 2005 at the NEC, Birmingham. 

The companies that exhibit at Subcon cover a wide range of dis-
ciplines, which means that buyers can use the show as a one-stop-
shop to source all their manufacturing requirements: and the flex-
ibility and responsiveness of subcontract laser processing mean
that it is becoming a key component in the manufacturing strate-
gies of many leading companies.

Quoting from the official statistics, Jon Hughes, Subcon’s Event
Director, said “Nearly two-thirds of the visitors to Subcon 2004
came specifically to source new suppliers, and over a quarter of
the visitors had an annual budget for outsourcing of more than
£1M. And for many exhibitors the show is a chance to meet buy-
ers they would never normally have the chance to see.”

As Subcon 2004 exhibitor, Andy Murphy of AILU member 5750
Components said at the show, “We've met companies we didn't
know about before - it's opened up new possibilities for us.”

Subcon is now held every year rather than every two years. As
Subcon's Event Director Jon Hughes explains, “Buyers want up-
to-date market knowledge when they are making strategic deci-
sions about outsourcing - they don't want to have to wait two
years. Subcon has always been the only UK event in its sector
with a regional, national and international reach. This move
aligns the show with the international circuit of annual subcon-
tracting exhibitions - the result must be wider exposure for
exhibitors and more choice for visitors.”

Event enquiries E: jon.hughes@centaur.co.uk  T: 020 7970 6743 

AILU support for Subcon 2005
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11) Lens protection: 1 slide/month £336

12) Routine maintenance costs: £281

13) Robotic fibre costs: £3,712

14) Other maintenance and repair costs: £10,500

15) Operator costs: £43,200

16) Floorspace costs: £10,800
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