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The ‘applications of laser microprocessing’ workshop at
Exitech on 18 June attracted a record number of dele-
gates, many from outside the UK. The 90 delegates

packed the seminar room at Exitech’s new Oxford premises to
hear from a diverse line-up of speakers; all of which were
users rather than suppliers of microprocessing technology.
The wide range of topics covered during the day was much
appreciated by an audience generally keen to apply their
microprocessing expertise into new areas, at a time when the
telecoms market remains depressed.

The workshop was chaired by Malcolm Gower, MD of Exitech,
who opened the meeting with a review of prospects for laser tech-
nology in microprocessing. He reviewed a wide range of micro-
fabrication techniques involved in MST devices, including
Exitech’s new process of synchronised image scanning (SIS) for
high speed 21/2D microstructures. 

Thorsten Temme of the Laser Zentrum Hannover described VUV
machining techniques and applications; including a stereo-litho-
graphic application based on two-photon polymerisation using fs-
laser pulses, to create complex 3-D sub-µm structures. 

Jozef Wendland of Heriot-Watt University, Edinburgh, described
results of the LASAP (LASer machines for Advanced PCB man-
ufacture), a government and industry supported collaborative pro-
ject involving the development of high peak-power, short-pulse
CO2 lasers for machining laminates and ceramic substrates.

Oliver Leisten described the manufacture of GPS antennas in
mobile phones, and the use of laser technology to help drive down
their size and reduce antenna losses caused by user proximity. In
particular, he showed how laser imaging and trimming were cru-
cial to the manufacture of miniature dielectric loaded antennas.

Delphi Automotive Systems of Deggendorf, Germany, are much
involved in the technology of flow-through microholes in the
manufacture of automotive engines. Michael Wild highlighted the

demanding beam requirements for making high quality cylindri-
cal and tapered laser-drilled holes in fuel injectors. 

Malcolm Jones of Diametrics, High Wycombe, addressed medical
sensor applications. He described the use of a production ArF
excimer laser machine to drill arrays of off-axis through-holes in
a 0.5mm diameter fibre optic sensor for blood gas monitoring.

Ian Wallhead and Steve Temple of Xaar, Cambridge, reviewed
advances in ink jet print heads, including a ‘side shooter’ design in
which PZT ‘tiles’ are placed either side of ink feed holes and
machined with a series of 70 µm wide parallel channels on a 85 µm
pitch. The fabrication process involves laser patterning and pho-
tolithography and the authors reported the success of trials in which
small volume production was achieved with good process yield.

The final speaker of the day was Malcolm Higgins of Laserthor,
Winchester, who described a microprocessing application on a
mega-macro scale: the use of a Q-switched Nd:YAG laser to
clean railway lines to improve adhesion and electrical contact
needed for automatic signalling. 

Fourteen exhibitors provided extra interest during the refreshment
and lunch breaks and after the presentations the delegates were
invited on a tour of Exitech’s clean room facilities.

Healthy outlook for laser microprocessing applications

The main theme of AILU President Tim Weedon’s year in office
will be the establishment of a new ‘Market Development’ spe-
cial-interest group. There has already been much activity at the
networking level, with the first fruit being Roy Ayliffe’s forth-
coming talk at the October job shop meeting in Nottingham. In
the pipeline are investigations of collaboration opportunities and
funding sources, both in support of AILU’s objective to raise
awareness amongst buyers and designers of the strengths and
characteristics of laser processing and the opportunities it brings
to designers.

“The time has come when I must launch the Market
Development Group pilot committee and enlist ‘volunteers’ to set
us on the initial path,” said Tim, who will chair the new group.
“This will be a group of no more than seven people,” he added.
“I hope that I can report the committee membership in the next
issue of The Industrial Laser User.”

Delegates at the Microprocessing workshop in the new Exitech building.

Market Development Activities
The survey of members conducted earlier this year revealed
broad satisfaction with the current activities of the Association
but revealed a sharp difference in the expectations of laser users
and suppliers. Whereas users expressed better-than-average satis-
faction in all areas of AILU activity a significant number of sup-
pliers would like to gain more sales leads, advertising opportuni-
ties and sales-related information through their membership.

The AILU committee were briefed on these findings at their
main meeting in March and acknowledged that satisfying the
diverse needs of the AILU membership within the existing
structure of the magazine, workshops and web site remains a
challenge. The mix of users and suppliers is vital for the growth
and vitality of the Association and the committee expressed the
hope that the initiatives undertaken by the new ‘Market
Development’ group will better address some of the needs of
members in the supply sector.

AILU members’ survey
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Page 3 of the June issue carried the sad news
that one of AILU’s founder member job
shops had gone into receivership. Not long
after the June issue went to print we heard
that Laserform, Sean MacEntee’s laser job
shop in Drogheda (Ireland) had suffered the
same fate. As Martin Cook points out in that feature on page 9,
‘Sean  adopted World Class Manufacturing practice and is one of
the most forward thinking job shop MDs in the industry....if this
can happen to Laserform, we all ought to be very, very careful.’

Whilst there remains considerable unease in some sectors of the
laser user community, the market assessment from Optech
Consulting on page 3 will give others some grounds for opti-
mism. It arrived just as this issue was in its final stages of prepa-
ration; at the point at which we can see exactly how much space
is left for me to write about past AILU events and other
Association business. I decided it was well worth including the
market assessment and saying less about the wonderful
Microprocessing Applications workshop which, in common with
Arnold Mayer’s research, displayed similar market optimism. 

I would like to think that green shoots will also be evident at the
Job Shop ‘03 meeting on 22 October.

Note from the editor

A new series of occasional anonymous
contributions in which readers are
invited to share a lesson learned!

In common with a lot of job shops we
receive most of our drawings for
enquiries and orders by email as CAD
files.

Now, CAD files of various sorts are all
well and good but there are issues with
scaling and, particularly with DXF,
with imperial/metric conversion. We
know this and generally ask for a
dimension or overall length, or something.

When a customer, lets call them Anonymous Model Makers Ltd
asked us to quote for making what looked like a cylinder head
gasket, we queried the DXF.  Yes, it was drawn metric and by the
way it is scaled 5:1.

We were confident when we presented the one and a half inch
long, model-sized cylinder head gasket to the customer, but he
was aghast. How was he to finish his larger than full size exhibi-
tion model of an engine with that?  

Apologies, super fast delivery of a copper cylinder head gasket
that was nearly a meter long and agreement to keep to the price
quoted never really persuaded them that we were not stupid and
incompetent!

Submitted by a laser user who prefers to remain anonymous.

Please send in your ‘greatest cock-up’. A bottle of champagne
awaits the best contribution we print over the coming year!

Subcon, one of Europe’s leading subcontract engineering exhibi-
tions, takes place from 19th to 22nd April next year at
Birmingham’s NEC. In 2002 the show attracted over 15,000 vis-
itors, and it is hoped that the 2004 event will draw similar num-
bers of high quality visitors. 

Around a dozen companies offering subcontract laser services
exhibited in 2002. As part of an initiative to raise the profile of
laser job shops, AILU plan to have a stand in Subcon 2004 to
publicise the benefits of designing for laser manufacture. 

In addition, a new matched funding programme means that sub-
contractors in the West Midlands* can exhibit for half of the usual
cost. Advantage West Midlands, in partnership with Accelerate
and Business Link Black Country, is offering a 50% subsidy on
stand space to qualifying subcontracting companies. Companies
exhibiting as part of this initiative will benefit from being part of
a group stand as well as receiving practical advice and support
before, during and after the exhibition. For more information con-
tact Paul Johnson on 020 7970 6743.

*Birmingham, The Black Country, Coventry, Stoke-on-Trent,
Staffordshire, Shropshire, Warwickshire, Worcestershire and
Herefordshire. 

Support for W.Midlands subcontractors

Erratum
On page 14 of Issue 31, the title of the Scanlab news item was
headed ‘New scanning hardware from Scanpro’ We apologise for
this mistake.

Congratulations to Paul Kelly of Numatic International Ltd, win-
ner of this quarter’s Most Gorgeous Part competition.

Numatic are the UK’s largest manufacturer of vacuum cleaners
and floor polishing machines and the photograph shows a com-
ponent of one such machine: a water deflector for a wet and dry
vacuum collection drum. The material is 1.2mm stainless steel
type 304.

“Before the introduction of our Amada laser profile machine
this part consisted of two guillotined blanks that were then fold-
ed and welded together before finally being bead blasted to
remove any burn marks; all in all quite a lengthy process,” said
Paul.

“The deflector is now produced from one piece in less than a
minute, the slotted blank shown is folded by hand and secured via
the tags. These processes are undertaken by the laser operator
within the cut cycle time.”

If you have something interesting that you’re willing to share
with other readers, please send it in. For every ‘most gorgeous
part’ or ‘tricks and tips’ item that we publish in the magazine,
authors will receive a complimentary registration to an AILU
workshop of their choice.

Most Gorgeous Part this quarterGreatest Cock-up
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So far in 2003, the worldwide demand for
laser materials processing systems has
been drifting sideways. Order logging

and backlogs reported by companies in the sec-
tor do not yet indicate an increase either. 

Hope for a market recovery is presently furnished
by the increasing demand for laser-manufactured
products. Increased PC and mobile phone sales,
for example, can be seen as indicators of a forth-
coming rebound in laser micro processing. 

The weak demand for capital equipment during
the past two years has dragged down the laser sys-
tems market by 20%, from the 4.7 billion Euro
record level in 2000 to 3.9 billion Euro in 2002.
The market for laser machine tools, for cutting,
welding, and marking, decreased moderately,
from 3.2 billion Euro to 2.8 billion Euro. In con-
trast, the drop of the market for laser micro pro-
cessing systems was steep, from 1.5 billion Euro
to 1.0 billion Euro. Geographically, the North American market
was hit the strongest, the Japanese market shed some of its vol-
ume and the European market even showed a moderate increase.

While the exact timing of the
expected upswing remains
unclear, long-term growth
prospects for the laser market
are excellent. According to our
analysis the potential market
volume for laser materials pro-
cessing systems exceeds 10 bil-
lion Euro per year. 

In a favourable economic environment the market volume can
reach the 10 billion Euro level by 2010. Starting from the 3.9 bil-
lion Euro base in 2002, this would require an average annual
growth rate of 13%. When comparing this figure to the average
market growth rate of 17% from 1994 through 2002 it is impor-
tant to note that the market in 2002 was depressed, and that part
of the expected growth is due to the anticipated cyclical recovery.
The largest part of the expected growth, however, is due to
increased market penetration as well as new applications. 

Less than 50% of the application potential of laser materials pro-
cessing has been exploited so far. Even the well-established appli-
cations of laser cutting, welding, and marking are not yet saturat-

ed. In laser car body welding, for example, the major part of mar-
ket penetration still lies ahead. In cutting, welding, and marking
the laser offers advantages of flexibility and automation over

other tools, advantages which
meet major trends in industrial
manufacturing. Additional mar-
ket potential is offered by new
applications, in electronics,
microelectronics, and flat panel
display manufacturing. A major
driver for the increased use of
lasers in micro processing is the
continued miniaturization of

mass products such as cellular phones, notebooks, and consumer
electronic devices.

Geographically, Europe presently consumes 37% of all laser
materials processing systems, while North America accounts for
24%, Japan for 21%, and the rest of the world for 17%. In the
future strongest growth is expected in the Pacific Rim, especially
in China, Korea, and Taiwan. 

Of the total of 3.9 billion Euro for laser system sales in 2002, 1.3
billion Euro were accounted for by laser sources, where CO2,
Excimer, and lamp pumped solid state lasers dominated. By the
end of the decade the market for laser sources in materials pro-
cessing is expected to increase to 3.5 billion Euro. Strongest
growth is expected in diode-pumped solid-state laser which by
2010 is expected to be the leading type of laser. 

For more information please visit www.optech-consulting.com.
Optech Consulting AG of Taegerwilen, Switzerland is a manage-
ment consultancy specialising in lasers and optoelectronics.

Industrial laser materials processing market report
Arnold Mayer

Optech Consulting AG
Ochsengartenstr. 3    8274 Taegerwilen    Switzerland  

T: +41 71 667 0990 F:     +41 71 667 0991  E: mayer@optech-consulting.com

• Industrial laser market drifts sideways in 2003
• Market down 20% from record volume in 2000
• Less than 50% of application potential tapped

“While the exact timing of the expected upswing
remains unclear, long-term growth prospects for the
laser market are excellent.”

World Market for Laser Systems for Materials Processing (in Euro Billion)

1994 2002 2010

Cutting and Welding 0.6 2.0 4.6
Marking 0.2 0.5 1.4
Microprocessing 0.3 1.1 3.9
Other Applications 0.1 0.3 0.6

Total 1.2 3.9 10.5

Source: Optech Consulting, September 2003
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The Munich Laser Show, held every 2 years, is the most
comprehensive Laser Exhibition held in Europe and is
run in parallel with a number of laser conferences.

Every facet of the optics and photonics is covered, including
laser sources and materials processing and measurement
equipment. The primary reason for my visit was to look at the
high power sources and applications within the show, and
there was a complete hall dedicated to this aspect.

VW bombshell
When I arrived, the main subject of discussion concerned a paper
that the Head of Research and Development at Volkswagen had
given at the conference running in parallel with the exhibition, in
which it was stated that VW saw no use for lasers in the manu-
facture of automotive bodyshells after 2014-2015. After 2015, the
company envisages, Body In White (BIW) structures will be all-
bonded systems with a high composite material content.

VW currently aim to eliminate resistance spotwelds from all VW
Group vehicle bodyshells by 2008. Their primary objection to
joining by laser technology is the high capital and running cost of
laser systems. He gave the example of one Volkswagen plant
which uses 42MW (yes – mega watts!!!) of power, around 70% of
which was consumed by lasers. The challenge he threw out was
that the industry should work to reduce this cost by:

a) Developing more efficient lasers.

b) Improving utilisation of laser source sharing to maximise
utilisation of the source and to build redundancy into the
process by allowing sources to be shared amongst the
processes.

c) Optimising the power requirements of the laser source to the
process being used.

His paper obviously had had the desired effect, as every stand I
visited was keen to discuss the subject, and what the laser indus-
try’s response should be.

Laser sources
It is now generally accepted that there are five choices of high
power laser source for automotive style applications. These are:
diode-pumped Nd-YAG, disc YAG laser, slab CO2, diode laser
and fibre laser. Each has been shown to have its own particular
strengths.

Diode-pumped YAG
The diode-pumped YAG will probably remain the workhorse of
the industry sector, since it can be fibre delivered for flexible cut-
ting and welding, and the beam can be easily switched from fibre
to fibre, allowing both for source sharing and for redundancy to
be built into an installation, to ensure continuity of production
while a laser is being serviced.

The majority of switching systems account for about 10% power
loss, however, there are some which are significantly better,
such as the Permanova-Optoskand system that has a maximum
4% loss.

Disc YAG
The primary advantage of the disc YAG laser is its particularly
high beam quality (7mm mrad or less), however, there are sys-
tems being introduced that offer a lower beam quality at a lower
cost. The primary application area for the disc laser is seen as
being fine cutting, especially with respect to hydroformed com-
ponents and tubes.

Slab CO2
The carbon dioxide laser is primarily being developed for use in
remote welding applications, but its excellent beam quality means
that it should also be considered for fine cutting applications, as
well as welding and cutting of plastics and other materials that are
transparent to YAG laser radiation.

Diode
One of the main attractions of the diode laser is the absence of any
moving parts in the laser source, the small footprint of the device
and its high wall-plug efficiency.

The high power diode laser comprises many thousands of indi-
vidual laser diodes and the challenge of coherently combining
their individual emissions remains to be solved. Consequently,
at the present time the combined high power laser output is of
low quality (i.e. it cannot be tightly focused) and the main appli-
cations of the laser are the processing of plastics and laser braz-
ing and soldering.

Fibre
The fibre laser is the newest member of the high power laser
family and is the one that everyone seems interested in. IPG
Photonics  showed a 10kW Fibre Laser that will be available for
sale later in 2003.

As an indication of the high wall-plug efficiency of the fibre
laser, the 10 kW version can be powered from a standard 16A
per phase supply, and  a 16kW chiller is all that is required to
control its temperature. At the present time there are, however,
questions about the reliability of the fibre laser modules and the
beam quality of the 10kW fibre-delivered output. 

Currently, the highest power performance from fibre lasers is
achieved by combining the output of several fibres and  this can
only be done incoherently and so the beam quality (and there-
fore the focused spot size) is poorer than can be achieved with a
comparable diode pumped or disc YAG lasers. Nevertheless, it
would appear that, longer term, the fibre laser may well meet
Volkswagen’s requirements.

A report by Stephen Ainsworth
on things of interest to the automotive industry at LASER 2003...
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Interesting applications
Laser brazing
The Erlas stand showed the Laser Brazing of the new Mercedes
E Class wagon tailgate drop panel. This positively demonstrated
the importance of having 2 turned-down flanges at the joint to
allow easy clamping, and giving a finish that does not require any
secondary operations.

Erlas also showed the Audi TT roof to rear fender joint, which
was also laser brazed and attracted great interest. The general
consensus was that laser brazing is a definite growth area, and
that there are more applications to be found, especially along the
lines of the VW Polo roof joint.

Robot-mounted remote welding
The Fraunhofer stand showed their YAG laser-based robot
mounted remote welding system. (See ’Laser welding on the fly
with coupled-axis systems’ by A. Klotzbach et.al, Issue 25, p32
(2001)) A number of companies expressed interest in this system
for use in framing stations, since remote welding is much more
flexible, and lower cost, than the laser spot welding-based solu-
tion that is currently under development. Its beauty lies in elimi-
nating a lot of fibre cables and circumventing the clamp obstruc-
tions (thereby permitting tighter clamping, if needed for fit-up).
Also, because the robot can pass around its path without stopping,
the only limitation is robot reach and surface speed.

The nature of the robot mounted remote welding process also
lends itself to difficult access areas, such as under wheel arches,
inner wheel arch to rear floor joints and transmission tunnel cover
joints, all of which traditionally require long-arm spotweld guns
and a number of additional apertures to allow access from both
sides. These would be easy to weld remotely from one side only,
provided the fit up of the panel assembly was right. It is also
believed that the remote welding process will greatly ease the
manufacture of stable inner door structure assemblies, since they
will only need to be clamped once, and there is insufficient heat
produced to affect the stability of the structure. The Fraunhofer
Team have just started to evaluate their system welding alumini-
um, and the results are eagerly awaited.

CO2 remote welding
There have been some interesting developments in the field of
CO2 remote laser welding and commercial systems can now

process an area 2.4m long by 1.6m wide, so it will be able to
process a complete closure (i.e. boot lid, bonnet, door, tailgate) in
one setting, but would need 2 bites to do a medium to large vehi-
cle bodyside assembly. A lot of work has been done to improve
the serviceability of the system, and this aspect is now much more
suitable for industrial applications.

Applications for remote laser welding have to date been limited by
the absence of shield gas, which improves the flexibility of process-
ing but may reduce the range of materials that can be processed.

Welding heads
Developments in welding head design to allow the cutting of
hydroformed parts from the inside out (thereby making it easier
to control and remove the waste slug and prevent slag inside the
“tube”) were on show at the stands of some of the weld head man-
ufacturers. However, this aspect of the market is slow because of
the limited hydroforming capacity currently available in Europe.

Concluding thoughts
My visit to Laser 2003 showed me that laser-related development
continues and that the clear challenge set by VW has concentrated
the minds of the larger laser source manufacturers.

It is now well understood that the secret of a successful applica-
tion is the design of the joint to be processed and the consistency
of fit up of the parts that go into it. Time and again the point was
made about the lack of development on the press tool side to
allow the manufacture of parts of sufficient quality to ensure con-
sistent fit up and this was especially true of inner structure parts,
where traditionally lesser quality (and, therefore, cheaper) dies
are used, but where, to some extent, the fit-up problem can be
managed by joint design.

Hydroforming is still seen as the way forward but the lack of
capacity severely restricts the development of this option.

The advent of the high power fibre laser is of great interest, as this
potentially offers a low cost of ownership source for laser brazing
and other applications where high beam quality is not the prima-
ry requirement.

Automotive BIW is still only a small aspect of the laser market,
and, therefore, research and development has to come from the
BIW assembly system manufacturers combining with research
institutes, rather than from within the laser source industry itself.

Industrial Lasers and Beam Delivery: 
Commercial Developments and Industrial Opportunities

4 NOVEMBER 2003 
University of Manchester Institute of Science and Technology

....... After 40 years of active development, lasers and laser optics are still far from reaching the limit of
their potential. Exciting recent developments to be presented at this workshop will challenge conventional
thinking about industrial performance and applications capability, pointing the way to new opportunities
for manufacturing industry. .......

Details available on the AILU web site: http://www.ailu.org.uk

association of industrial

l  a  s  e  r     u  s  e  r  s
TECHNOLOGY WORKSHOP
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Like the majority of people these days, my working day
usually begins with a session on the computer answer-
ing emails. Once that is over, a quick look at the calen-

dar to confirm today’s schedule reminds me that at 9am I am
to attend a meeting to discuss equipment for our new venture
in South Yorkshire and at 11am, I have visitors from one of
TWI’s Industrial Member companies abroad, who wish to set
up their own laser processing facility. I also notice that later
in the afternoon, I am prompted to do some preparation work
for visits and meetings later on in the week. At this point one
of our project leaders puts his head round the door and asks
me if I will check his latest project report. As he leaves, he
adds that the report is due to be circulated tomorrow!

TWI’s venture in South Yorkshire, which will concentrate mainly
on laser processing and friction stir welding, has taken up a con-
siderable amount of my time this year. The TWI Technology
Centre (Yorkshire), situated in Sheffield, is supported by
Yorkshire Forward, the regional development agency for
Yorkshire and the Humber and by EU Objective 1 funding. The
Sheffield region is currently the focus of significant efforts to
regenerate its economy. TWI’s investment in Yorkshire compli-
ments a range of leading-edge technologies currently being
assembled in the region, providing the foundation for future
industrial development.

It was decided at an early date in the formulation of the policy for
Sheffield that we would not duplicate the existing equipment cur-
rently at TWI, but rather enter into new fields of laser processing.
After some deliberation, laser direct metal deposition was chosen
as one of these and, after preliminary discussions with potential
suppliers of equipment for this process and some of TWI’s mem-
ber companies, RFQ’s were drawn up based on our requirements
and issued to five potential suppliers. The meeting today is to
assess the responses to these RFQ’s for technical merit. Four of
the responses are from organisations whose main business (or
part of it) is to manufacture and sell laser machine tools. The fifth
response is from a contract research and development organisa-
tion. It may come as a surprise to some readers to find that, taken
simply on the response to the questions asked in the RFQ, the pro-
posal from the contract research and development organisation is,
in my opinion, by far the best. Our assessment procedures are
based on a combination of the impressions gained at a presenta-
tion by the supplier, plus a ‘mark’ given in several previously
determined technical areas. Today, the results of the assessment
show that although one company has come out on top, the other
four organisations were all marked high. As with most business-
es these days, price also plays an important part in the decision
making process; however, that topic is not on the agenda today!

I leave the meeting slightly early as I am told by my secretary that
my visitors have arrived in reception. The journey to reception is
now a short and very pleasant one! TWI’s laser equipment moved
into the engineering wing of our new building over a year ago, but
the rest of the new facilities were officially opened only in July
this year. Happily the days of a long walk, often in the wind and
rain, from reception to the laser department, are now gone. My

visitors are from a member
company who wish to set up a
laser welding cell, for R&D
work, primarily in the automo-
tive sector. This would be a
new field of activity for them.
On a previous visit to TWI, the
company had been shown our
processing cells, robots and
Nd:YAG lasers. TWI does not
make equipment or act as a
systems supplier, but on occa-
sion, we act for member com-
panies, helping them with
specifying and sourcing equip-
ment and with processing tri-
als, particularly if the process is welding and the parameters were
originally developed at TWI. The meeting goes well and at lunch,
in our visitors dining room, we are asked to supply a proposal and
quotation to act as consultants for the supply, purchase and com-
missioning of the equipment they require.

By 3pm, after a quick visit to the laboratories to look at progress
on the current work passing through our laser cells, I am back in
my office to find a new set of emails and a report waiting for me
on my desk (I still prefer to work from hard copies and find it dif-
ficult to read reports off the computer screen). All technical activ-
ities at TWI are controlled by a management system which com-
plies with the requirement of BS EN ISO 9000, and as part of this
all reports issued must be checked for technical quality, presenta-
tion and accuracy. This report is a progress statement on a Group
Sponsored Project (GSP) on laser/arc hybrid welding, which we
are conducting, in collaboration with the Institute de Soudure in
France, on behalf of a group of companies interested in applying
this new technology in a range of industry sectors. The report
contains a description of work performed over the previous six
month period. Its contents will be presented to the sponsoring
group in two weeks time, here at TWI. I correct some of the
English, (half the project leaders in the laser group are non-native
English speakers) and make some suggestions regarding one of
the figures, before returning the report to its author.

I come back to my office to find the telephone ringing. This is one
of our member companies calling in with a general enquiry on
laser welding. The first port of call for such enquiries is the TWI
helpdesk, normally manned by a qualified welding engineer. If
the enquiry is specialised or requires very particular information
the helpdesk will transfer the call to a named expert in one of our
technology groups. In this particular case the caller’s request is
easily dealt with and I can now start to think about my role as
chairman at a workshop on the use of laser welding in the med-
ical industry, which will be held in Sheffield in two days time.

Tonight I leave work at 5pm with our Japanese agent who is at the
end of a five day visit, and go into Cambridge to eat. After five
days of three English meals a day he is quite happy to take only
two dishes in a ‘Tapas’ restaurant, so I am home by 8 o’clock! 

A Day in the Life of ....

Paul Hilton
A day with the Technology Manager for Laser Processing at TWI 
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TWI's new building on Granta Park has been officially named
after the present Chief Executive. The Bevan Braithwaite
Building – the hub of TWI’s international activities – was for-
mally opened by Bertil Pekkari, Chairman of The Welding
Institute, on 2nd July 2003. The name reflects the contribution
made by Bevan Braithwaite to TWI and also his initiative, drive
and personal efforts in guiding the new building project ahead.

Bevan became Chief Executive in 1988, having spent some 27
years in a variety of roles within the organisation.

The opening ceremony was marked by the arrival of a skydiver
trailing the TWI company flag as he dropped from an aeroplane
onto Granta Park.  The parachutist was Bob Ward, a member of
TWI staff who works in the Electron Beam Department.

At the same time as the opening of the Bevan Braithwaite
Building, the contribution of former chief executives was recog-
nised through the renaming of three existing TWI buildings. 

The Fatigue Laboratory was named the Richard Weck
Laboratory after Dr Richard Weck, who started his career at TWI
(then BWRA) working on fatigue research and was Director
General from 1957 to 1977.

The Library and Information Services will be moving into the
former Professional Members Building, originally designed with
the active help of Alan Wells, Director General 1977 to 1988 –
this will now be known as The Alan Wells Building.

The Harry Taylor Building is the new name of the Training and
Certification block which houses all the training, certification
and professional activities carried out at TWI.  Harry Taylor was
Director General from 1947 to 1957.

Laser cut logo
(above) the new reception
area at TWI  and (below)
close-up of the much-
admired logo laser-cut at
Micrometric Techniques in
Lincoln

TWI’s new building

Lasers Are Us has been awarded a Welsh Assembly Investment
Grant to open up a second manufacturing unit in Denbighshire,
North Wales. The company, which was founded by Simon Lau in
1999 is creating another 3 full time positions.

Simon said, “Our fast growth can be attributed to us focusing our
attention on the electrical, medical and promotions markets. The
flexibility of use inherent in our technology creates a distinct
competitive advantage in all these markets. We are now in a posi-
tion where we need to expand our operations to keep up with
demand”

Offering a complete range of easy to use, highly dependable and
affordable laser systems, the lasers are routinely operated eigh-
teen hours per day, and used for marking, printing, drilling, cut-
ting and engraving. The company focuses upon three main areas
of activity:  manufacturing laser systems for use in factories, oper-
ating a national lasering service including product identification
marking and producing unique highly detailed lasered products
for the promotions market.

Simon continued, “The laser marking system we have developed
produces permanent marking at a very low cost, which can be
used on a wide range of materials including, plastic, metal and

wood. It is suitable for a variety of products, even ones with
curved surfaces such as pens, telephones, computer mice and key-
boards. The laser produces a distinctive, legible mark, which will
endure rough wear and tear, repeated handling and industrial
environments. Our laser system can also produce unique and
highly intricate products such as greeting cards and coasters”

Expansion at Lasers Are Us

The versatility of laser marking is illustrated by a pattern on a feather. 
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Bavarian Photonics
Contact: Stephan Geiger
T: +49 (0)89 89407 226
F: +49 (0)89 89407 168
E: stephan.geiger@bavarian-photonics.com

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

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

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

Carr’s Welding Technologies Ltd
Contact: Phil Carr
T: +44 (0) 1536 412828
F: +44 (0) 1536 310262
E: phil.carr@carrswelding.co.uk

Coherent (UK)
Contact: Keith Hilliard
T: +44 (0) 1353 658833
F: +44 (0) 1353 659110
E: keith.hilliard@coherentinc.com

Corus
Contact: Alan Thompson
T: +44 (0) 1709 820166
F: +44 (0) 1709 825337
E: alan.thompson@corusgroup.com

Cutting Edge Metal Processing
Contact: Robert Lewis
T: +251 431 8015
F: +251 431 7948
E: LEWS@bendership.com

Fisba Optik AG 
Contact: Peter Grollmann
T: + 41 71 282 3174
F: +41 71 282 3130
E: peter.grollmann@fisba.ch

Fraunhofer USA, Center for Coatings and
Laser Applications
Contact: Craig Bratt
T: +734 354 6300
F: +34 354 3335
E: cbratt@clt.fraunhofer.org

GSI Lumonics
Contact: Louse Partridge
T: +44 (0) 1788 570321
F: +44 (0) 1788 579824
E: Partridgel@gsilumonics.com

Heriot-Watt University
Contact: Denis Hall
T: +44 (0) 131 449 5111
F: +44 (0) 131 451 3088
E: PHYDRH@phyfsa.phy.hw.ac.uk

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

Lasers Are Us
Contact: Simon Lau
T: +44 (0) 1656 748430
F: +44 (0) 1656 748401
E: simon@laulasers.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

Laser Optical Engineering
Contact: Rob Roach
T: +44 (0) 1509 228733
F: +44 (0) 1509 223948
E: robroach@laseroptical.co.uk

Malton Laser Ltd
Contact: Charles Corner
T: +44 (0) 1653 697770
F: +44 (0) 1653 690970
E: charles@maltonlaser.co.uk

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

Prima Industry UK
Contact: Richard Baxter
T: +44 (0) 2476 645588
F: +44 (0) 2476 645115
E: richard@primauk.com

Pro-Lite Technology 
Contact: Peter Blyth
T: +44 (0)1908 730085
F: +44 (0)1908 269991
E: peter.blyth@pro-lite.uk.com

Pyramid Engineering Services
Contact: Glenn Higgins
T: +44 (0) 20 8 776 5545
F: +44 (0) 20 8 776 5546
E: glenn.higgins@pyramideng.com

Radan Computational Ltd
Contact: Henry Merryweather
T: +44 (0) 1225 320320
F: +44 (0) 1225 320311
E: henry.merryweather@uk.radan.com

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

Spiricon
Contact: Larry Green
T: +1 732 735 2060
F: +1 435 753 5231
E: larry@spiricon.com
UK agents: 
Elliot Scientific 
T: +44 (0) 1582 766300

TEKA
Contact: Maria Abramoski
T: +49 2863 92 82 0
F: +49 2863 92 82 72
E: ailu@tekanet.de

TelesisEagle Ltd
Contact: Colin Turner
T: +44 (0) 1297 551313
F: +44 (0) 1297 551319
E: sales@telesiseagle.co.uk

TRS Engineering Services
Contact: John Shuker
T: +44 (0) 1922 476018
F: +44 (0) 1922 476020
E: trseng.services@btconnect.com

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

Waterjet Technology
Contact: Steve Smith
T: +44 (0) 1924 223016
F: +44 (0) 1924 223054
E: sales@waterjet-technology.com

Contact details for members’ news items

Fraunhofer CCL (Centre for Coatings and Laser Applications),
Plymouth, Michigan, USA, has recently commissioned new
equipment in order to further improve the range of services
offered to it's customers: This includes:

A 4.4kW Rofin Sinar Diode Pumped YAG laser (model DY044)

A 8kW Rofin Sinar CO2 laser (model HL880)

An Alotech closed-loop control CNC Laser Hardening Cell

A special Induction heating facility for Induction Assisted Laser
Welding (patented). 

This equipment will add to CCL's already extensive facility which
includes a 6kW PRC CO2 laser, several TRUMPF Nd.YAG
Lasers up to 3kW, several direct diode lasers up to 4kW, and five

workstations. The
centre has also
recently added two
new Laser/MIG
Hybrid welding
systems from
HIGHYAG and
Fronius, in 
addition to
Fraunhofer's own
patented head and
3 different MIG
power sources.

Fraunhofer CCL
offers a wide range
of services includ-
ing new product
and process devel-
opment, applica-
tion development, installation of production and pilot systems on-
site at company facilities, consulting and education. CCL spe-
cialises in research and development using welding, cutting, coat-
ing, cladding and heat treatment processes.

These recent additions will help to maintain the centre's position
as the leading research and development facility in North America
in this field.

New equipment for Fraunhofer CCL in the USA

Fraunhofer Centre for Coatings and Laser Applications

Hybrid welding at the Fraunhofer CCL

Issue 32, September 2003
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Welcome to 
New Corporate Members

(since June 2003)

Dalton EID Systems Ltd

Mack-Brooks Publishing

SPI (Southampton Photonics)

Tampoprint (UK) Ltd

Coherent, Inc has successfully acquired the outstanding shares of
its Lambda Physik AG (Lambda) subsidiary. Dr. Dirk Basting, the
founder and Chairman of Lambda’s management board, resigned
from his office upon completion of the tender offer, and was
replaced by John Ambroseo, Coherent’s President and CEO.

John Ambroseo stated, “Excimer laser technology remains unique
as a UV source. This capability is a key enabler for the semicon-
ductor lithography and TFT markets. Lambda possesses the core
technology to serve its customers, the customers strongly desire a
viable second source in lithography, and Coherent’s world-
renowned service network will further strengthen the combined
companies.” 

Coherent acquires Lambda

Radan Computational Ltd have been purchased by Planit, the
owners of Licom. Paul Monte (Licom) becomes the Sales and
Marketing Director for the combined CAD Division.

Planit's product range encompasses everything from point of sale
design software for specialist and major home improvement
retailers through design to manufacture software for the spe-
cialised cabinet industry to CADCAM applications for both the
woodworking and engineering industries. Radan will strengthen
the CADCAM element of Planit's business

Radan will continue to operate as an independent company within
the group and carry on with the sale and support of their products. 

Radan purchased by Planit

Laserdyne Systems, a division of Prima North America, has
received multiple orders for its multi-axis laser drilling systems
totalling over $1.6M from Pratt & Whitney. The equipment will
be used for precision, high-speed laser processing of aerospace
turbine engine components.

A Laserdyne customer for over 15 years, Pratt & Whitney uses
Laserdyne laser systems for cutting and drilling small holes in
parts such as turbine engines, combustor liners and nozzle
guide vanes. Most of these parts are produced from high 
temperature materials such as Inconel®, Hastelloy®, and super
cobalt alloys. The holes are of different sizes, shapes and at
varying angles. With the Laserdyne laser systems, these holes
are produced accurately and at rates up to several holes 
per second.

Multiple orders for Laserdyne

Many members will no doubt already be aware that Laserform,
the laser job shop in Drogheda (Ireland) and its subsidiary
Laserform Dies in Ashton-Under-Lyne, went into liquidation in
early July. As well as mainline sheet metal sub contracting,
Laserform was involved in the production of tooling for the pack-
aging industry. 

Sean MacEntee, Managing Director of Laserform, was a past
chairman of the Job Shop Group and he also supported the asso-
ciation with several inspiring workshop presentations and articles
for the magazine; so his departure from the laser community will
be a great loss to AILU. I understand that he is now planning to
pursue non-laser business interests.

Laserform was one of the leaders in adopting the Japanese prin-
ciple of continuous improvement to European job shop practice
and Sean was always willing to share his experiences with other
job shop members. Laserform was also one of the leaders in the
implementation of internet-based business-to-business technolo-
gy to streamline activities from quotation though to invoice. Not
surprisingly, many of those who promote best practice in the
industry are left bewildered over the demise of the company. 

“Having traded ideas with Sean and visited Laserform on sever-
al occasions over the last six years, I know how readily he adopt-
ed World Class Manufacturing practice; I'm sure there are few
such forward thinking job shop MDs in the industry,“ said Martin
Cook of newly-formed Cutting Technologies Ltd. 

“On a personal note I count Sean as a close friend, and something
of a mentor. If this can happen to Laserform, we all ought to be
very, very careful,” added Martin.

According to Sean, the effect of the downturn in the manufactur-
ing sector has been particularly acute in Ireland, where a rapid
growth of laser job shops had led to increasingly fierce competi-
tion and reduced margins. “We got used to working a particular
way and this limited just how much we could change in order to
cut costs,” said Sean.

Laserform liquidation

The Centre for
Integrated Photonics
(CIP) based at
Martlesham, Ipswich,
is working with the
Photonics Cluster
(UK) to assess how
its facilities and
research expertise
can be used to sup-
port UK industry.

The strategic support of the Cluster has been given in partnership
with the Regional Development Agencies, Advantage West
Midlands, and the East of England Development Agency
(EEDA), in the hope that it will bring a substantial economic
advantage to the Midlands and East of England areas.

The Centre was established out of the pioneering work in pho-
tonic components and systems undertaken over the past 25 years
under the ownership of BT and Corning. 

The CIP building at Ipswich - ambition to
become the UK's centre of excellence in pho-
tonic devices and their applications

Centre for Integrated Photonics
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Pyramid Engineering have recently delivered their second her-
metic sealing system to an existing SE Asian customer for the
encapsulation of electronic relay packages. 

The systems each utilise two different processes: a laser seam
welding system for the sealing of the relay base and cover with-
in a Class 1 laser safety enclosure; and a resistance spot welder,
mounted within a dry glovebox environment, for final hermetic
encapsulation of the relay after vacuum oven pre-processing.

The new system was upgraded with a GSI Lumonics’ 600 W
pulsed Nd:YAG twin rod laser and an Aerotech model 3200 multi
axis system.

The system is the
latest addition to a
growing portfolio
of specialised
turn-key systems
designed and
manufactured by
P y r a m i d
Engineering, cov-
ering hermetic
encapsu l a t i on ,
welding, cutting
and general
machining opera-
tions.

Pyramid’s hermetic sealing system

Hermetic sealing system for encapsulating elec-
tronic relay packages. 

A new Innovative Manufacturing Research Centre (IMRC) has
recently been established at Heriot-Watt University, with an ini-
tial award of £4.2m from the Engineering and Physical Sciences
Research Council (EPSRC). The creation of the IMRC represents
a major opportunity for an international centre of excellence in
Scotland of direct benefit to Scottish and UK manufacturing.

The objectives of the Centre are to:
• maintain, develop and enhance a world-class portfolio of

research within the remit of the Centre

• ensure a balanced portfolio of research that meets identified
industrial needs

• encourage within the Centre an increasing exploration of the
interface between research areas

• accelerate industrial take-up and exploitation of research results

• create a funding scenario for the Centre that draws upon both
long and short term commitments from industry, and from a
wide spectrum of national and international funding bodies.

The IMRC opportunity
Stability
The University will be able to build on its strengths in multidisci-
plinary research. The opportunity now exists to form further
strategic relationships with major industries. 

Flexibility
The University will seek to balance short and long-term projects,
to balance applied and blue-sky research, and to encourage sup-
port of short feasibility and scoping studies. 

Responsiveness
The ability to respond rapidly to new opportunities, both industri-
al and academic is a key benefit to the Centre. The opportunity
now exists to offer resource to industry and initiate projects at
industrially realistic time-scales. 

Engineering focus
Heriot-Watt has a tradition of research and training in design and
manufacture stretching back over many years. The establishment
of the IMRC provides an opportunity to bring to together existing
strands of work in a greater critical mass and allow for new and
exciting developments. 

Technology themes
The IMRC will have two main technology themes:
Digital Tools for Manufacturing
This theme addresses the management of numerical information
and data in support of a wide range of manufacturing processes.

Photonics for Manufacturing
This theme addresses the application of optics science and tech-
nology in manufacturing.

The Heriot-Watt University New Innovative Manufacturing Research Centre

Companies collaborating in current IMRC work at Heriot-Watt include: 
BAE Systems, Rolls-Royce, GSI Lumonics, Exitech, API Foils, Rofin-Sinar,

Coors Tek, Pathtrace, First Index, Qinetiq, Celestica, Merlin Technology,
Coherent, AV Technologies, Image Automation, Melles-Griot, Graphic, JDS,
Point Source, Agilent Technology, Renishaw, Computer Associates, MATRA

BAE Dynamics, Hewlett Packard, DEK, Terahertz Photonics, Bridgeport,
Haven Products, Lectra Systems, Lockheed Martin, Marconi Avionics, Marks

and Spencer, NCR, TRW Aeronautical Systems, OCF, Cookson Semiconductor,
Micro-emissive Displays, Bookham Technology, ICE-Robotics.

Carr’s Welding
Technologies Ltd
have been laser
welding since
1998 and spe-
cialise in doing
small batches of
work, from tiny
c o m p o n e n t s
(components that
are  too small to
handle) to weld-
ing bigger parts
that need low
heat inputs, but still need welding.

The flange shown above is for the food industry and needed to be
laser welded for 2 reasons.

1) Access to the weld area: the laser will weld through a narrow
gap, which can be much narrower than the one shown;  and 

2) Overall heat input was reduced by a factor 10 over conven-
tional processes, so temperature rise during the process was min-
imal and no distortion is present in the finished component.

For Carr’s, laser welding means:  low heat input and negligible
distortion; full penetration welding; narrow access capability;
control and repeatability.

Carr’s welding specialities

Welded flange for the food industry
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FISBA OPTIK AG, established almost fifty years ago, is one of
the world’s leading suppliers of optical systems and of high-tech
products for industrial production: high-power diode lasers, inter-
ferometry-based metrology, and optical components made to cus-
tomers’ specifications.

One of the main applications for high-power diode lasers is the
welding of plastics, where it has become a standard procedure in
industrial production. The welded together of the lid and base of
micro-clean rooms used as transport containers for wafers, pro-
vides a practical example.

The micro-clean room welding application calls for about 50W
laser output and can be obtained with the FISBA FLS iron laser
system that achieves a welding speed of around 50 mm/s. There
is a linear relationship between welding speed to laser output so,
for example, use of a 200W laser would increase welding speed
fourfold. 

In absolutely clean environments it is essential that no particles
become detached during the welding process, as may happen dur-
ing ultrasound welding. The use of laser welding also avoids the
undesirable generation of vapour, as is produced by many adhe-

sives. And because the weld path can readily be altered by soft-
ware programming, production is also very flexible as regards the
geometry of welded joints and container design.

Holding fixture and clean-room container with perfect welded joints 
(Courtesy of Incam Solutions SA)

Plastics welding with a Fisba Optik diode laser

North Yorkshire laser job shop
Malton Laser Ltd, has complet-
ed the manufacture of compo-
nents for 5000 new, state-of-
the-art ice cream dispensing
machines for Richmond Ice
Cream Ltd, the UK’s largest ice
cream manufacturer. In a sepa-
rate development, Malton Laser
have combined their technolog-
ical and engineering expertise
with Pickering-based Bioflame
Ltd to develop machinery that
will radically improve the
working lives of coffee growers
on a remote co-operative in
Costa Rica.

Malton Laser cut the central
chassis for Richmond’s new Nestle Ice Creamery dispensers,
which they sell to retailers across the country to dispense summer
cheer during the peak selling season. In addition to the manufac-
turing contract for the new dispensers, Malton Laser also pro-
duced the main components for a dozen carefully crafted Nestle
Ice Creamery handcarts which were installed within all of
London’s Royal Parks.

In their work with Bioflame, Malton Laser have completed the
construction of the £20,000 steel framework of a huge two-stage
combustion-powered waste burner, which will be used by farmers
on a Costa Rican co-operative to burn coffee bean husks instead
of rain forest wood. The heat generated by the five-metre wide,
six-metre high SGB 500 burner will then be reused by farmers on
the Llano Bonito co-operative to dry coffee beans during the pro-
duction process. The unit benefited from a radical redesign thanks
to cutting-edge technology employed by Malton Laser. 

Malton Laser designer Andrew Hildred said, “Bioflame have
been making these units for a number of years now but their con-
struction engineers have always had to struggle with poorly fitting
component parts, a lack of accurate, legible drawings and masses
of on-site welding.”

“When you are transporting units half way around the globe, parts
not aligning correctly is not simply an inconvenience, it’s a disas-
ter! Bioflame now expect to considerably reduce the construction
time of future units and less time to build means more capacity for
new orders!” he added. 

The Malton Laser team used top-of-the-range 3D modelling soft-
ware, closely integrated with the firm’s two lasers and sheet metal
processing equipment, to totally redesign the combustion system.
Laser-guided production allowed the firm to supply precisely-fin-
ished components which could then be bolted together on site,
minimising welding requirements and eliminating the risk of mis-
alignments. Malton Laser’s high-end modelling software also
allowed Bioflame engineers to view a full three-dimensional
graphic of the unit before construction began.

Malton Laser, founded by
Charlie Corner in 2000, now
employs 24 staff across an
11,000sq ft site on the Pyramid
Industrial Estate in Malton and
has just recorded its first £1 mil-
lion annual turnover. 

Ice Cream vendors and coffee growers benefit from Malton Laser expertise!

(left)  Dave Atkinson (Richmond
Foods) with Charles Corner

Malton Laser CADCAM program-
mer Andrew Hildred (left) and
Bioflame Technical Director
Matthias Grundmann in front of the
SGB 500 bound for Costa Rica
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On July 23, 2003 Bender Shipbuilding Repair Co., Inc. became
the first shipyard in the United States to successfully laser weld a
structural steel panel on the shipyard's production equipment. 

Making use of R&D work performed under the Advanced Joining
Processes NSRP project and the Integrated Laser Optic controlled
Welding (I-LOW) Office of Naval Research, Small Business
Innovative Research (SBIR) project, the project team of Bender
(Cutting Edge), Visotek and Alabama Laser developed, built,
installed and tested a laser welding system which was put through
its paces on July 22nd and 23rd.

The 610 mm square test panels were of sandwich construction, in
which stiffeners were installed between two plates, and the welding
was done from the outside, on both sides. Each test panel had 5
closely spaced stiffeners, all laser cut from 3mm plate. The panels
used the tab & slot joining concept to fit the stiffeners and lock
them in place, and the laser welds were accomplished using a scan-
ning optic developed by Visotek. Alabama Laser integrated the
scanning system onto the Bender (Cutting Edge) 6kW Tanaka laser.

The 6kW Laser can now
be used for Laser cutting
of carbon steel up to
25mm thick, LASOX cut-
ting of carbon steel up to
50mm thick and Laser
welding.  It shares a cut-
ting bed of 4m x 56.5m
with a 4kW Tanaka laser.

Additional development
work will continue to
resolve various issues
identified during these
first trials and will result
in a full production capa-
bility of large panels.

Bender’s new laser welding system

Pat Cahil, Bender's R & D Manager, hold-
ing the second test panel in front of the
laser welding head.

Mithrae, the 25kW laser owned and operated by Corus at its
Scunthorpe site, has been called into action to improve the pro-
duction rate and reduce the weight of a component for the yellow
goods industry. 

A leading manufacturer approached Corus to tap into the compa-
ny's laser welding expertise, which it hoped would speed up the
manufacture of the component, as well as improving the efficien-
cy of its production. The component had previously contained
castings of solid steel. 

“With laser welding we were able to produce the same component
from pre-formed pieces, which were joined together using our
high powered laser,” said Ann Marie Brown, Technology
Developments Manager at Corus, “The finished component is
now lighter in weight and cheaper to manufacture than its prede-
cessor.”

Laser welding has sig-
nificant advantages over
traditional arc welding,
and is already used
extensively on the conti-
nent in the shipbuilding
and automotive indus-
tries. It generates much
less heat than arc weld-
ing and so causes signif-
icantly less distortion in
the components it is
joining. This means that
downstream rectification
– a major cost for many
industries – is greatly
reduced. 

Stewart Pigg, Mithrae
Operations Manager,
said "In the fabrication
industry, almost as much

money is spent rec-
tifying distortion
problems associat-
ed with welding
processes as in
buying the steel
itself. Our research
using Mithrae has
shown that distor-
tion is reduced by
70 to 80 per cent
with laser welding,
which could result
in huge cost sav-
ings for fabrica-
tors." 

“Another major
advantage of laser welding, which would help fabricators
improve production, is its speed. The arc welding method can join
15mm steel plates at a rate of approximately five metres per hour,
and requires multi-passes to create the weld. Laser welding can
create a weld of equal, if not greater, strength at a rate of one
metre per minute in a single pass – which reduces the area of
metal affected by the heat. The laser weld does not require any
filler wire, since it uses the surrounding metal to form the 
weldment.

“We have helped a number of major customers to improve their
products and processes through laser welding. Using Mithrae, we
aim to raise awareness of the advantages of this technology and
spread the benefits across the metal fabrication industry and
beyond," said Pigg.

Mithrae is available to fabricators, research establishments, uni-
versities and others who wish to use laser welding for a whole
range of applications. The service provided does not just involve
making the laser available to customers, but draws on the world
class metallurgical and research expertise available at Corus.

Corus predicts bright future for laser welding

The Mithrae team at the entrance to the laser cell

The Mithrae laser performing horizontal
and vertical welding

Issue 32, September 2003
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Laser Optical Engineering welcomes
two new members of staff, Dr Jamal
Ibrahim and Simon Clark.

Jamal is working with the company for
a year from June 2003 on strain map-
pers applications with particular regard

to the estab-
lishment of
standards for
the Strain
Mapper data. 

Simon joins LOE as part of his indus-
trial year placement working on the
development of Diffractive Optical
Elements for high power laser 
applications.

New staff at LOE

John Shuker has recently joined TRS
Engineering Services as a Director.
John has 25 years experience in the
Automotive industry as an Engineering
Manager. 

“I am looking forward to helping TRS
apply all of its experience, knowledge
and quality awareness into new areas,”
said John. “The capability of the per-
sonnel and equipment within the com-
pany is truly staggering,” he added.

John continued, ”As with many companies, keeping up with
developments in technology can be extremely time consuming
and I am especially hoping that AILU can help TRS keep a step
ahead of the competition and remain at the leading edge.”

New TRS Director

John Shuker

Having spent 15 years at the University
of Liverpool, Dr Bill O’Neill, a well
known face in the laser community, has
recently taken up an academic position
within the Institute for Manufacturing
(IfM), Department of Engineering,
University of Cambridge.  

Bill will support the research, develop-
ment and teaching of innovative manu-
facturing technology within the IfM
and a substantial EPSRC/Industry
research grant portfolio will be trans-
ferred to Cambridge over the coming months. Bill will relocate
his research equipment to the newly established laboratories on
the Cambridge Science Park. 

The research programmes that will be established at Cambridge
include:- Cold Gas Dynamic Manufacturing; Sub-micron laser
processing, High speed laser cutting; Laser beam monitoring and
control; Rapid manufacturing; Advanced electronics fabrication;
Supersonic laser drilling.  

“The chance to integrate my technological research activity with
the manufacturing research within the IfM was too good to miss,”
said Bill. “Cambridge will provide a first class location for inno-
vative technological research that will be truly global in nature.
We are keen to continue the expansion of our activity and look
forward to working with innovative companies. My first goal is
to re-establish the current programmes and to recruit a range of
high calibre students, research assistants, technicians and admin-
istrators,” he added.  (See advert opposite.)

Research on the move

Simon Clark

Bill O’Neill

Heading up Laser Lines’ return to the UK electro-optics market,
Steve Knight has rejoined the company to spearhead the intro-
duction of an impressive array of products.

Steve originally joined Laser Lines in 1984 and left in 2000 to take
up the post of European Sales Manager for Molectron Detector
Inc. After Molectron’s acquisition by Coherent in December 2002,
Steve became Market Development Manager for their complete
range of laser measurement and control products.

The impressive portfolio of suppliers includes the leading names
Gentec, Lincoln Laser, FJW, nLight Photonics and Univet.
Steve’s mission is to expand the range of products on offer.

CADCAM developers Camtek have
appointed Terry Antrobus as Director
of Sales & Marketing. Previously Sales
Manager for the UK, Terry will now be
involved with all Sales and Marketing
activities in the company. 

Terry has a long track record in the
industry and over 14 years experience
with Camtek products and users. 

“I am very excited by the scope and
challenges of my new role,” said Terry.
“Marketing in any organisation means involvement with many
facets of the business and I am particularly looking forward to
working closely with our existing sales partners, and to locating
and developing new business opportunities.”

The move coincides with the launch next quarter of the PEPS 5.3
CADCAM suite, delivering a number of significant enhance-
ments across the broad range of applications technologies avail-
able with PEPS.

Jamal Ibrahim

Camtek Director of Sales & Marketing

Terry Antrobus

Return to Laser Lines

Issue 32, September 2003

Steve Knight back on his old stomping ground



14

Members’ News

The Industrial Laser User

Kamal Qazi is currently completing a Masters Degree in
Enterprise Management from UMIST sponsored by AEA Tech
Rail UK. .

Kamal combines professional middle management skills with
insight and knowledge of manufacturing processes and business
and project management skills. He is interested in a position in
Technical Sales / Business Development / Sales / Accounts man-
agement etc. Relocation and availability flexible.

Contact Kamal Qazi at the Manchester Science Enterprise
Centre (Business Creation Unit, Zochonis Building, UMIST,
Oxford Road, Manchester M13 9PL; T: 0161 275 1891;  
F: 0161 275 1919   Mobile: 07762 240612) 

Situation Wanted

Cambridge Innovative Manufacturing 
Research Centre

Dr Bill O’Neill is keen to hear from enthusiastic researchers and
technicians who wish to pursue new and exciting opportunities
within the Cambridge Innovative Manufacturing Research Centre.
Research topics include: Cold Gas Dynamic Manufacturing;
Sub-micron laser processing; High speed laser cutting; Laser
beam monitoring and control; Rapid manufacturing; Advanced
electronics fabrication; Supersonic laser drilling.  

Contact Dr W O’Neill at the Institute for Manufacturing (Dept. of
Engineering, Uni. of Cambridge, Mill Lane, Cambridge CB2 1RX;
T: (01223) 766880; E: wo207@eng.cam.ac.uk) for an informal
chat about these opportunities.

Situations Vacant

Bavarian Photonics, a member of the TuiLaser Group, have
rounded off their Aion Industrial-V product portfolio (based on
Nd:YVO4) with the Aion Industrial 355-1-V and Aion Industrial
355-3-V, providing ultraviolet output at 355 nm. 

The Aion Industrial-V offers a pulse width of around 15 ns at 50
kHz. The Aion Industrial-V is available in different models
presently offering a choice of two average power levels of 1 W
and 3 W. The lasers offer a beam quality of M2< 1.5, excellent
pulse-to-pulse stability (< 3 % rms @ 30 kHz) and precise power
control. 

The modular design and long life-time of the diode pumped
DPSS-laser series components ensure maximum reliability, and
make the lasers extremely low in maintenance.

Typical applica-
tions for this laser
source include:
micromachining
of various types
of materials;
wafer dicing;
solar cell structur-
ing; UV stereo
l i t h o g r a p h y ;
microvia drilling;
flex circuit and
polymer cutting.

Bavarian Photonics new UV laser

The Aion Industrial-V UV laser

Telesis have announced a number of new additions to their range
of permanent product laser markers.

Fibre laser marker
The ZENITH 10F is a 10W diode pumped  fibre laser marker
which has a working life in excess of 20,000 hrs.

The laser source is ideal for integrating into existing work cells
and for robotic applications. Its unique diode pumped fiber-to-
fiber technology allows remote placement of the galvanometer
head 

Single Pin Marking System
The TMP3200/420 Single Pin Marking System features a large
4" x 6" (100 x 150mm) marking window, and marking speeds up
to six characters per second. 

Well suited for both bench top and factory-automated applica-
tions, its simple, yet robust belt-driven dual rail, X/Y platform
yields high quality characters and low maintenance operation

A marker for low-volume users
The BENCHMARK 320 unit has been designed for low volume
users and is the very competitively priced. It includes 6"x4"
marking window, is programmable and of a robust design.

For more information on the extensive Telesis range of laser
markers, designed to suit every application whether stand alone,
custom or machine building; visit:

http://www.telesis.com/index2.htx

Telesis permanent product markers

The Engineering Doctorate (Eng.D) is a 4-year postgraduate
degree, with an emphasis on research in a business context. It is
a combination of taught coursework and industrial project(s),
with typically 25% of the time spent on taught coursework and
75% on project work.  

The Photonics Engineering Doctorate Centre has recently been
established by Heriot-Watt University and the Universities of
Strathclyde and St. Andrews and is the only centre to specialise
in photonics. The Photonics Eng.D programme covers a range of
projects dealing with applications of photonics in the areas of
communications, sensing, and manufacturing. The Photonics
Engineering Doctorate Centre is now accepting applications from
suitably qualified candidates for an Oct. 2003 start.

The sponsoring Company makes an annual payment to the stu-
dent of £3000 minimum, £1500 per annum to the University plus
travel and subsistence costs. The student will normally carry out
the majority of his or her research work at the Company and the
research programme can be formed from a number of projects,
rather than a single large 3-year project to better fit the way that
most companies pursue their business. .

For more details please contact: Tim Holt, Business
Development Manager at the Institute of Photonics, (T: 0141 553
4120, E: tim.holt@strath.ac.uk) or Dr Duncan Hand, Director,
Photonics Engineering Doctorate Centre, Heriot-Watt University
T: 0131 451 3020, E: Photonics-EngD@hw.ac.uk) or visit the
web site: www.photonics-engd.hw.ac.uk 

Engineering Doctorate Scheme

Issue 32, September 2003
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Laser Lines (Industrial & Medical) Ltd will be displaying the Light
Photonics range of high power diode lasers for the first time in the
UK at Photonex  (Stoneleigh Park, Warwickshire on October 8-9;
stand B02)

These products are
based on both
GaAs (780 – 1000
nm) and InP (1300
– 1700 nm) and are
ideally suited for a
variety of applica-
tions including
industrial, medical,
defence and tele-
coms. nLight also provides a wide range of package options that
includes high power, water-cooled stacks as well as conductively
cooled, fibre-coupled packages. nLight is believed to offer the
broadest range of wavelengths in the high power diode industry,
and is committed to optimising
diode solution to exactly meet
customers requirements.

The nLight product range
encompasses single emitter
2.5W devices on an industry
standard ‘C-mount’ package,
30W high power fibre bundles,
and high power stacks in excess
of 500 watts.

New products from Synrad
The Firestar f-series range of sealed, compact CO2 lasers has
been extended, and now encompasses four models in the 100W
to 400W range. 

The workhorse of the Firestar range, the f100, is the smallest,
fully integrated 100W laser on the market. Its small size and
light weight are perfect for use with robotic arms and gantry sys-
tems, allowing smaller (and cheaper) motion systems to be used.
For high speed marking and coding, the f100 provides an
unbeatable combination of size, price and performance.

Based on Synrad’s patented ‘all-metal’ tube technology, the lat-
est Firestar lasers offer users a choice of faster rise times, high-
er beam quality and more compact designs – expanding existing
applications and creating new opportunities for the uptake of
industrial laser technology.

All Synrad laser
systems and
a c c e s s o r i e s ,
including beam
delivery equip-
ment, gal-
vanometer scan
heads and con-
trollers, are
available from
Laser Lines
(Industrial &
Medical) Ltd.

New products from Laser Lines 

Laser diode stacked arrays (500W)

Laser diode fibre bundle (30W)

The newly-extended Firestar range of CO2 lasers

Nd:YAG High Speed Single
Pulse Seam Welding for indus-
trial micro-joining applications
was demonstrated by LASAG at
the LASER 2003 Show in
Munich, Germany. 

The new welding process was
developed in a joint project with
participation of SWATCH
Group partners and the
Fraunhofer Institute of Laser
Technology, Aachen who named
this technique “SHADOW“
(Stepless High speed Accurate and Discrete One Pulse Welding).

LASAG used a 50ms, 1.5kW pulse from their new FLS 542C
laser in combination with a high-speed galvo scanner to join the 7
mm diameter axis of a post to a disc, as shown in figure 1. To do
this the 21 mm of circular seam weld length had to be produced
within 50 milliseconds, at constant local intensity. The welding
depth was 0.3mm.

Besides the short welding time for contour lines there are several
other advantages realised with this technique.

The surface of the seam weld is smooth without any ripple nor-
mally observed from seam welds of pulsed lasers. For a weld in a
Nickel Alloy stainless steel with a thickness of 0.025mm, (Picture
2) the SHADOW strategy needs less than half of the total energy

necessary with classical laser welding. Surprisingly the strength
of this weld is similar or even better and the application window
is less critical. Due to the short local heating the thermal effects in
the weld and the thermal side effects are different and less severe
than known from seam welding with pulsed lasers and especially
cw-lasers. Preliminary investigations of the microstructure of the
weld pool show, that less mixing of the materials takes place and
the zone of interaction is thin. 

This behaviour opens new possibilities in joining dissimilar met-
als. In fact, stainless steel and brass – as used e.g. in the watch
industry can be welded distortion free.

The highly dynamic process needs further investigation but it
appears that we have a unidirectional keyhole weld process.

The possible applica-
tions of this welding
strategy outside of the
watch industry are
currently being inves-
tigated and Lasag
expect promising
new results.

Lasag lasers produce SHADOW welding

Figure 1 LASAG’s exhibition of a
post to a disc welded with one
50ms  (N.B. The marked words are
blind welds, each processed by a
single 50ms pulse)

Figure 2, (top)
Classic seam
weld with a
pulsed laser
and 0.3 m/min
with 25 Hz and
a total of 27 J
and (bottom)
SHADOW weld
with one pulse
of 20 ms and 9
J. Speed is 3
m/min
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Bofa UK Ltd has released details on their new ADVANTAGE
range of laser extraction and filtration system. Backed up with
over 15 years experience in this field, and supply of now over
2000 laser extractors world wide, BOFA have adopted a totally
new design concept, moving away from the traditional bag filter
normally used to filter out large amounts of particulate generated
during the laser process. Using their unique deep mini-pleat pre
filter, BOFA claim to not only have the largest filter capacity
available but also the lowest replacement filter cost. 

MD Dave Cornell said, “A big benefit for choosing a laser coder
over inkjet is the money saved in consumables but many extraction
systems on the market at present have extremely high-cost replace-
ment filters making annual running costs unnecessarily high.” 

Contaminated air is taken from the laser head, then enters the bot-
tom of the extractor. The air velocity is instantly reduced as the
air expands in the large pre filter chamber. This allows the larger
particulate to settle on the bottom of the pre filter box and reduces
the speed of which the particulate hits the filter media. As a result,
particulate settles gently on the face of the filter, builds up, then
falls away; extending the life of the filter. 

According to BOFA, because traditional bag filters are made
from a lose, more open media, collected particulate gets held in the

lose fibres and is unable to fall away, even in reverse flow systems. 

Particulate under 0.8microns that get through the pre filter are
then captured in the HEPA filter offering 99.997% down to 0.3
µm of protection. Harmful gases are then removed from the air-
flow by the large
chemical filter. 

The unit is available
with 3 different
pump options to suit
the application, as
well as many unit
options from HCL
and gas monitoring
to automatic flow
control, keeping to
BOFA’s philosophy
of only suppling the
customer with what
he needs for individ-
ual applications.

Bofa’s new Advantage range of laser fume extraction and filtration systems

One of the Advantage range of fume extractors

Laser pulse characterisation
Photonic Solutions are
the UK and Eire distrib-
utor of the new
Grenouille laser pulse
measurement models
from Swamp Optics, for
pulses from a few fem-
toseconds to many
picoseconds; simple or
complex; IR, visible, or
UV; high-intensity or
low.

The Grenouille device quickly and accurately measures the com-
plete pulse intensity and phase vs. time and frequency, not just the
autocorrelation - whilst making no assumptions about the pulse
shape. The Grenouille also measures the pulse spatio-temporal
distortions, spatial chirp and pulse-front tilt with incredible accu-
racy. The beam spatial profile and absolute wavelength are mea-
sured as well. It is claimed that the Grenouille provides the most
complete characterisation of an ultrashort laser pulse available.

Weighing as little as 1kg, the units are elegant and compact as
well as inexpensive. Two Grenouille products are available: the
Model 8-20, for pulses as short as 20 femtoseconds (fs), and the
Model 8-50, for pulses as short as 50 fs. Custom-designed
Grenouille devices are also available. The Grenouille has been
recognized with an R&D 100 award as one of the top 100 techni-
cal innovations of the year.

Laser crystals
Photonic Solutions are now offering the full range of laser crys-
tals and optical components for R&D and OEM applications from
JDS CASIX, a JDS Uniphase company.

Managing Director Douglas Neilson
said, “JDS CASIX offers unbeatable
low prices for high quality optical
components manufactured under
tight quality procedures and inspec-
tion controls to comply with strict
ISO 9001 standards.

“They are committed to offering the
highest quality crystal and precision
optics products at extremely competi-
tive prices,” he added.

The JDS CASIX product range
includes waveplates, laser crystal and
optics, prisms, windows, lenses, mir-
rors and beamsplitters. Typically held in stock there are over
100,000 crystal and optical components, available for immediate
delivery.  Laser crystals include: Nd:YVO4; Nd:YAG; Cr:YAG.
Birefringent crystals include: YVO4; alfa-BBO and Calcite.

PMT detector head for photon counting
Becker & Hickl has released the
new PMC-100 cooled high speed
PMT detector head for photon
counting. The unit contains an inter-
nal high voltage generator and a
peltier cooler to reduce the dark
count rate. A DCC-100 detector
controller card provides the current
for the peltier cooler, controls the
gain of the PMT, and accomplishes
a shutdown of the detector on overload.

The PMC-100 offers excellent noise immunity and can be used
for photon counting and TCSPC imaging (response time <200ps).

New products from Photonics Solutions 

Grenouille laser pulse measuring devices

PMC-100 PMT detector head
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End-pumped marking lasers
The technology of
Rofin’s PowerLine
E series of end-
pumped lasers
makes it possible
to manufacture
compact lasers
without having to
compromise on
features such as
frequency dou-
bling or dual-head
capability. 

With the introduction of the PowerLine 20 E, Rofin is expanding
the product family and opening up new fields of application. The
compact, end-pumped fundamental mode laser source is charac-
terised by its high beam quality and short pulse duration. The
high pulse peak power of this laser noticeably reduces marking
times.

Being a mere 500 mm in length and only 220 mm high, this
‘maintenance-free’ laser is easily integrated into existing instal-
lations. Depending on the requirements, this laser comes with a
stand-alone control/PSU cabinet, or in 19 inch rack format
designed in accordance with the current industrial standard for
OEM customers.

In addition to the standard version with a wavelength of 1064
nm, there is also a frequency doubled (green) system available.
Optionally, a dual-head system may be supplied providing an
extended marking field. In applications requiring high pulse
rates, pulse frequencies of up to 200 kHz may be realised. 

The PowerLine 20 E is a perfect instrument for high speed mark-
ing of plastics cards and semiconductor components, as well as for
deep, high quality engraving. and photographic quality, grey-scale
pictures on Smart Cards. The high beam quality (TEM00) allows
deep engraving of very fine structures. Optimum pulse duration in
combination with high pulse frequencies results in minimum recast
layers and burring. Excellent focusing properties allow the laser to
be used effectively for micro-machining purposes.

StarMark
Performance
The second-generation of
StarMark laser markers
uses a newly designed
power supply cabinet in
which the power supply,
the cooling unit, the con-
trol unit, the PC, the key-
board and the monitor are
all integrated into a single
ergonomic cabinet. 

Another new addition is
the Laser Marking Cont-
roller (LMC), an integrated
control system that makes
it possible to activate up to
three scanner heads, con-
trol up to six linear and/or
rotational axes, and mark
“on-the-fly“.

The laser marker may be
utilised either as a stand-alone solution in combination with a
standard PC, or it may be integrated into complex installations via
an ethernet interface and a corresponding network. 

For OEM customers, all supply components for the marker are
also available in 19 inch rack format designed in accordance with
the current industrial standard

Fibre optic supply
For the integration of laser marking systems into existing pro-
duction lines with limited space, Rofin offers solutions involving
optical fibres. The Nd:YAG laser is positioned remotely from the
line and only the small marking head is mounted above the com-
ponent to be marked. 

Concepts involving several scanner heads may be realised too,
allowing one laser to feed a number of remote marking heads.
This approach may reduce non-productive times, while optimis-
ing the utilisation of the laser beam source.

Improved laser marking systems from Rofin

The PowerLine 20 E end-pumped marking laser

Supply, cooling, control, PC, and monitor
are integrated into the new StarMark con-
trol cabinet

WaterJet Technology (a subsidiary of Laser Resale Ltd) has
installed the latest Bystronic Byjet water jet cutting system in
their new Astoria Court facility. With the accuracy and reliability
of the Byjet machine allied to the experience of the operating per-
sonnel, WaterJet Technology are offering a competent and quali-
ty-conscious cutting service to industries such as Aerospace,
Architectural, Construction, Electronics, Mechanical Engineering
and Fabrication, Medical, Technology and Packaging.

The new machine includes a rotary axis for cutting apertures and
profiles in tubular material, up to 2.7m long and 500mm dia. It is
believed to be the first rotary axis waterjet machine in the UK.

Amongst its present assignments, WaterJet Technology are cut-
ting specialist materials for the aircraft industry, including the
new fuel lines for the A380 Airbus.

WaterJet Technology install Byjet

Rotary water jet cutting

Issue 32, September 2003
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In developing the new TRUMATIC L4050 flatbed laser cutting
centre with flying optics, TRUMPF’s aim was to create an innov-
ative and supremely reliable machine The L4050 utilises linear
direct drives in the Y and Z axes and a gantry drive in the X axis
and utilises a drive concept that benefits significantly from weight
savings yet has exceptional stability. 

The high performance of the latest-generation 5 kW laser (the
TLF 5000), coupled with the L4050 can cut thicker materials:
mild steel up to  25mm; stainless steel up to 20mm and alumini-
um up to 12mm. It can also process thin sheet at up to 40 metres
per minute. Laser power during machining is regulated so that
corners and small contours can be machined with optimal cut
quality. 

The TLF 5000 is one of the most powerful cutting lasers of the
TRUMPF family. Its chief characteristics are excellent beam
quality and stepless, adjustable output combined with low gas
consumption thanks to RF technology. The laser beam is routed to
the cutting head through a completely enclosed guideway. The
control mechanism, AutoLas Plus, guarantees automatic adjust-
ment of focus to different types and thicknesses of material.

The new L4050 accommodates a workpiece size of up to
4000mm x 2000mm with a weight up to 1800 k, a greater work-
ing area than that of its sister machine the L3050. 

A range of features are provided with the L4050 to ensure opti-
mum part quality: 

SprintLas
Spritlas increases processing speed by optimising machining
sequences in thin sheet, is complemented by the option to cut
using new high-speed cutting techniques.  

HI-LAS
The HI-LAS feature allows the production of oxide- and burr-free
cut edges on stainless steel and aluminium alloys via high pres-
sure cutting. To guarantee process safety during the cutting of
thick-gauge stainless steel, the L4050 employs a Plasma Sensing
System.

ContourLas
ContourLas is a special approach technology for the process-safe
cutting of small holes in thick workpieces.

Twin-Line
‘Twin-Line’ controls the production of common slitting cuts. In
combination with the programming software, the L4050 has a
module that automatically defines and processes these cuts, sav-
ing both time and material.

Microweld
Microweld is also available on the L4050. This fixes workpieces,
even in thicker materials, in the sheet via small spot welds. 

RotoLas
RotoLas, an accessory device for the machining of tubes and pro-
files, is available with the L4050.

The L4050 employs a Sinumerik 840D CNC control to ensure sim-
ple operation. The heart of the system is based on technology tables
that enable swift and flexible adaptation to all kinds of materials
and sheet thicknesses.  For frequently used materials, all laser para-
meters are pre-set and activated automatically via table call-up.

Simple parts can be programmed directly at the machine. For this,
the control is equipped with module ToPs100 lite – the workshop
edition of  the TRUMPF ToPs100 offline programming system.

In common with all machines in the L-series, the L4050 can be
equipped with a range of automation options to suit the applica-
tion.  These include automatic loading, automatic unloading, con-
nection to storage systems and automatic sorting of single parts.

Trumpf high speed laser cutting for thick and thin

The Trumatic L4050

Airfilter Mini and Maxi
The Airfilter Mini is a powerful dust extractor with high air
stream volume and low noise emission for workplaces in a quiet
environment. The noise level corresponds approximately to that
of a personal computer. 

The use of a 4-level filter system allows the operation for various
suction solutions including laser systems. With its compact
method of construction it can be fitted both under a desk as well
as being a free-standing machine. It can take suction arms of 50
mm  75 mm diameter and offers 4 intake ports (2 x 50 mm; 1 x
71 mm; 1 x combi-connection 50/75 mm) to provide the optimum
solution for every use. 

The Airfilter Maxi offers double the suction capacity and double
filter surface of the Airfilter Mini. 

The Airfilter control has been
improved. It no longer has a
clear text indicator, speed con-
trol, volume control, filter- and
operation control; instead, oper-
ation by foil keyboard and trou-
ble and maintenance messages
are conveyed optically and
acoustically. External operation
of the controller allows the unit
to be switched on and off; also
the speed of the turbine and the
fan can be controlled from an
external input and an additional
running time can be activated.

TEKA’s new dust extractors

TEKA’s quiet dust extractor

Issue 32, September 2003



19

Members’ News

The Industrial Laser User

Pro-Lite Technology LLP (Milton Keynes) have recently become
agents for a number of new laser and laser-related products.

Litron ultra-compact Q-switched Nd:YAG lasers
We are pleased to release details of
the Nano family of ultra-compact, Q-
switched Nd:YAG lasers from Litron
Lasers Ltd (Rugby, UK).

The Nano series employ flashlamp
pumping to deliver outputs up to 1.2
J at 1064nm with a wide variety of
options and great user flexibility.

The Nano series comprises 3 basic
lasers, with powers up to 360mJ. All
offer PRF 1-100Hz, Q-switched 5-
11n, harmonic generation of 532,
355, 266 & 213nm 

With the addition of a power amplifier stage, the output of the
Nano laser can be extended to 1.2J. Twin head versions of the
Nano are available for applications in flow visualisation (PIV).

Laser Quantum DPSS lasers
Laser Quantum DPSS lasers takes in infrared (1064, 1053 &
1047nm) models up to 10W and frequency doubled versions (532,
527, 523nm) with outputs up to 5W. A series of enhanced cavity
models (the Ventus series) is available which feature narrower
linewidths (<30GHz), reduced noise (<2%, DC - 300KHz) and
improved power stability (<0.5% rms).

The Forte 1064-S provides single longitudinal mode operation at
1064nm and the Torus which provides SLM operation without
mode-hops at 1064 and
532nm. The Ciel is an
innovative solid state blue
laser that gives an output
of up to 250mW at 473nm.

Laser safety eyewear
The Pro-Lite range of laser
safety eyewear for protec-
tion against laser radiation
with a choice of nine
spectacle, goggle and wrap-
around frame styles togeth-
er with over 32 polycarbon-
ate and mineral glass filters. The eyewear is CE-marked in accor-
dance with BS EN 207 and 208 standards. Pro-Lite offers a choice
of nine stylish and lightweight frame styles.

In addition to it's eyewear, Pro-Lite can provide mineral glass
windows (100 x 200mm and DIN A4) and polycarbonate sheets
of varying sizes for screening laser enclosures or for windows
into laser rooms.

Photonex Exhibition October 8-9
Pro-Lite will be launching several new products from three main
product groups at the 2003 Photonex Exhibition (Stoneleigh Park,
Warwickshire on October 8-9; stand C23).

Laser Group
Pro-Lite will be displaying the Nano family of ultra-compact, Q-
switched Nd:YAG lasers from Litron Lasers Ltd (Rugby), deliv-
ering outputs from 100 to 1200mJ at 1064nm and optional har-
monic generation to 532, 355, 266 and 213nm.

Light Measurement Group
The Labsphere OmniLED LED Measurement System from
Labsphere Incorporated (New Hampshire, USA) will be on show
for the first time in Europe. The OmniLED LMS is a turn-key
spectroradiometer that has been developed specifically for both
laboratory and on-line production/QC measurement of Light
Emitting Diode outputs, including luminous and radiant intensity,
power and colour. 

Laser Safety Group
Pro-Lite will be displaying the latest safety eyewear for protection
against laser radiation in accordance with BS EN 207 and 208
standards.  

Major expansion in Pro Lite product range

Litron Nano-S with PSU

Torus series of CW TEM00 sin-
gle longitudinal mode lasers
offer 750mW with M2 < 1.2
and linewidth < 5MHz or

JETCAM International have launched a new nesting module that
can significantly improve sheet utilisation. In initial tests the
Free-Form High Performance Nester (FFHPN) has delivered
material savings of up to 9%.

The new nester uses a high performance algorithm that can be
configured to run over a pre-set period of time (e.g. overnight) to
generate the optimum nest. 

Ivan Stern, CEO of JETCAM International Holdings said, “In an
economy where companies are looking to improve production
performance with minimal outlay, software is playing an increas-
ingly important role. Users are able to gain substantial improve-
ments in terms of both capability and cost-effectiveness without
having to invest heavily in new machinery. FFHPN will play a
major part in helping companies to reduce material costs further,
and in most cases will pay for itself in months, if not weeks.”

JETCAM’s new sheet metal nester
BFi Optilas Limited is pleased to announce the availability of the
Comet Laser Power Probe from Ophir Optronics.

The Comet Laser Probe is
a small, easy to use, eco-
nomical but highly accu-
rate Laser Power Meter. It
is menu driven and has
two modes of operation,
automatic and manual. In the auto mode it can be used in hands
free operation. The absorber can be swivelled ±90° vis-à-vis the
handle display for ease of use.

Calibrated for both CO2 and YAG lasers, the Comet Laser probe
is temperature compensated so more measurements can be taken
before it needs cooling. It measures power from 200W to
10,000W and has an accuracy of ±5%.

BFi’s new laser power probe
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DPSS podules
GSI Lumonics has
launched a new
series of side-
pumped, diode-
pumped solid-state
(DPSS) laser pod-
ules. The Spectron
podules have been
designed for DPSS
laser system OEMs
and are available in a
number of configu-
rations. 

Podule configura-
tions allow for output powers in the range of 20W to 100W and
make use of a straightforward, yet highly effective side-pumped
geometry and design, which consists of a Nd:YAG laser rod
located within a stainless steel and ceramic pumping chamber,
efficiently pumped by an array of long-life diode laser bars. 

The Spectron DPSS podules are driven by low voltage electron-
ics, ensuring that integration and certification is straightforward.
Cooling is accomplished with the use of a water chiller. GSI
Lumonics also provides a variety of standard and OEM Spectron
auxiliary equipment suites for use with the modules.

Compact-Q Nd:YAG Lasers
GSI Lumonics has
announced a new
range of small high
power Nd:YAG
lasers, the Compact-
Q series.

The Compact-Q
complements its
smaller stable mate,
the highly successful
Mini-Q laser series,
and is also a compact
and transportable Q-
switched Nd:YAG
laser. The Compact-
Q provides 800mJ
per 6-8ns pulse repe-
tition frequency of
10Hz. With a laser head measuring just 45 cm long, the Compact-
Q will fit into the smallest of spaces, making it ideal for the OEM
and the laboratory alike.

The Compact-Q is offered with a choice of stable multimode,
gaussian-coupled, or TEM00 resonator options. Its unique mini-
rail design allows it to be configured in oscillator, twin oscillator,
and oscillator amplifier configurations with minimal change to
the laser head. This flexibility ensures that each laser can be con-
figured to provide the desired combination of beam output ener-
gy, quality, and divergence. Also available are second, third, and
fourth harmonic generation modules, including integral harmon-
ic separators, which can be incorporated initially or used to
upgrade the units at a later date.

New products from GSI Lumonics

Spectron podule

Spectron Compact-Q Nd:YAG laser

Spiricon have launched a new high power industrial beam pro-
filer for high power CW CO2 lasers. 

The IBP-CO2-xx profiles beams up to 4kW and 35mm diameter
(45mm clear aperture), providing electronic “mode burns” of the
intensity profile in real-time 2D or 3D displays with a fast dis-
play rate. The profiler allows the laser operator to tune the laser
cavity for best performance each time the power setting is
changed, and the portable head can be quickly move from laser
to laser. 

The IBP-CO2-xx accurately measures and logs critical laser
parameters.

BFi OPTiLAS have announced the introduction of the industry's
first 150W and 300W air-cooled CO2 lasers from Universal Laser
Systems Inc (ULS). The new units have built-in RF supplies,
integrated cooling and provide excellent beam quality in both the
near and far fields together with efficient integration options for
manufacturers. With the addition of these new lasers BFi
OPTiLAS now offers a complete family of air-cooled CO2 lasers
from 25W to 300W.

The unique technology in these lasers, backed up by numerous
patents, means that the ULS high power CO2 systems offer sig-
nificant size advantages. "Companies will be able to not only
save money on components and integration time, but also better
utilize valuable manufacturing space with the efficient design of
these new high power air-cooled units," notes Andrew Turner of
BFi OPTiLAS. "Add this to an industry leading 15 month war-
ranty along with the application engineering assistance that ULS
provide and OEM customers will see that this is an impressive
package.

BFi Optilas 300W air-cooled CO2 laser

ULS 300W air-cooled CO2 laser

IPB-CO2-xx beam profiler
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Soon after the discovery, by Patel (ref 1) in 1964, that
laser action was possible between vibrational levels in
the Carbon Dioxide (CO2) molecule, it became clear that

laser operating at far infrared wavelengths centred at 10.6µm
would be capable of providing high output power. It then took
less than two years to move from Patel’s initial 1 mW device
to Moeller and Rigden’s (ref 2) 18 W laser. The CO2 laser was
clearly going to be useful in a variety of applications from
remote sensing to industrial processing.

Lasers Physics - molecular
It is worthwhile to have an appreciation of the molecular physics
underpinning the operation of the CO2 laser because it helps one
understand the different technologies that are used to construct
actual CO2 laser devices. 

Figure 1 shows the basic molecular processes that happen in the
gas mix of a CO2 laser gas discharge comprising helium, nitrogen
and carbon dioxide. Electrons collide with and vibrationally
excite (energise) both ground state nitrogen (N2) molecules and
ground state CO2 molecules and the excited N2 molecules also
collide with ground state CO2 molecules. In the laser discharge
CO2 molecules can thus be energised to the upper laser level by
both electron impact and by excited N2 impact: experiment sug-
gests that the relative contributions are 60% electron to 40%
excited N2. In reality, all sorts of other collisions will occur in the
discharge, populating energy states not relevant to laser action,
but this need not concern us: except to note that such energy trans-
fer collisions begin to explain why lasers are so inefficient in
terms of optical power out to electrical power in. 

An excited molecule may radiate away some or all of its stored
energy. This is described of a transition from an upper level to a
lower level and the the emitted radiation is in the form of a pho-
ton of wavelength λ, related to the difference in energy E by 
E = hc/λ, where h is planck’s constant and c is the speed of light.
This process is termed ‘spontaneous emission’. When such a pho-
ton, travelling as it does at the speed of light out of the discharge,
encounters another molecule in the same lower level as the mole-
cule it originated from, then there is a probability that the photon
will be absorbed; less intuitively, if the photon encounters anoth-
er molecule in the same upper level as the molecule it originated
from, then there is a probability that the photon will stimulate this
molecule to emit a coherent photon, that is, a photon with the
same wavelength and in the same direction. This process is
termed ‘stimulated emission’

The essential requirement of any laser is to create a ’population
inversion’, a situation where there are more of the species in the
upper level than in the lower level of the laser transition. In this
situation more stimulated emission will occur than absorption and
there will be a net amplification of the spontaneous emission.
Hence the LASER acronym: Light Amplification by the
Stimulated Emission of Radiation.

The stimulated emission process results in excited CO2 molecules

in the upper laser level “falling” into the lower level, and unless
the lower level can be depopulated the inversion (and with it laser
action) cannot be maintained. The vital role of helium in the laser
gas mix is to stabilise the discharge, provide good conduction
from the discharge to the heat exchanger and depopulate the lower
laser level by collision. 

Laser Physics – Opto-mechanical
The laser resonator (or cavity) is the arrangement of mirrors that
confine and shape the photons produced by stimulated emission.
In its simplest manifestation the resonator comprises two mirrors
facing one another. Most of the photons travelling along the opti-
cal axis of the resonator are returned along the same path and
thereby continue to be amplified. The remainder are removed
from the resonator (generally by making one of the mirrors par-
tially reflecting) and become part of the laser beam. (see figure 2)

The stimulated emission process is competing with spontaneous
emission and collisional processes all depleting the supply of
CO2 molecules in the same upper level and only with the feedback
provided by the resonator can the stimulated emission process
dominate and collimate the radiated power into a beam.

The basic design of the majority of CO2 laser resonators involves
a pyrex tube containing a CO2 laser gas mix (10%CO2: 10%N2:
80% He; typically) with a spherical mirror at each end as shown
in figure 2. The full reflectors are generally gold coated copper
and the output coupler is generally a dielectrically-coated zinc
selenide (ZnSe) optic. At the front and back surfaces of an uncoat-

Figure 2. Basic features of a CO2 laser. 

Figure 1.  The molecular physics of the CO2 laser
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ed ZnSe optic, the Fresnel (or natural) reflectivity at the
air/solid interface is about 17% at CO2 laser wave-
lengths; therefore the inside face must be coated to give
a suitably high reflectivity and the outside face must be
anti-reflection (AR) coated to reduce the reflective loss.
The choice of reflectivity for the inside face depends on
a balance between the optical gain (which is directly
related to the population inversion) and the output
power and power stability criteria.

Often no special coating is added to the front surface of
an output coupler in lasers operating at hundreds of
Watts of power, the natural 17% is adequate and and the
optic is more robust and cheaper to make.

The efficiency of a laser depends on:

1. the ratio of optical gain to optical losses;

2. the efficiency by which the electrical input produces a popu-
lation inversion;

3. the efficiency of cooling  to retain or enhance the inversion.

As a rule of thumb, commercial CO2 lasers have about a 10% effi-
ciency.

The laser output beam quality and stability depend on:

1. the purity of transverse mode (highest beam quality corre-
sponds to TEM00), which is determined primarily by the cur-
vature and alignment of the resonator mirrors and whatever
physically apertures the lateral extent of the mode (usually
the walls of the tubular vessel containing the gas mix);

2. the mechanical and thermal stability of the structure support-
ing the mirrors;

3. the pressure of the gas mix and the distance between the mir-
rors (also known as the cavity length);

4. possible thermo-optical effects in the output coupler.

Industrial CO2 lasers are highly optimised devices with many
carefully arrived at design trade-offs incorporated into their
design. For readers with a thirst for more knowledge of laser tech-
nology, reference 3 is a good starting point.

Sealed – off lasers 
In a sealed-off laser (see figure 3) the lower laser level can only
be depopulated by CO2 molecules colliding with the wall of the
discharge tube; this ties the extractable laser power to the speed at
which wall collisions occur, with the result that the extractable
laser power increases with the length of the discharge column but
not its diameter. 

Sealed off CO2 lasers are typically in the 50W – 200W range of
output power and though there are products at higher power (up
to 500W) these are fewer in number, relatively expensive and not
as technically mature. Many devices are based around simple
glass tubes particularly those using high voltage DC electrical
excitation. The DC discharge is longitudinal with an electrode
sited at each end of the tube. In these devices a concentric outer
tube carrying a recirculating coolant surrounds the laser gas tube.
The tube walls act as a heat sink for the Helium in the gas mix.
These linear devices work well, are cost effective, acceptably
robust and provide excellent beam quality and a circular beam
with very low ellipticity. Their main shortcomings are having an
excessive length (a 100W laser would typically be about 1m in

length) and being poorly suited to pulsed operation, though some
manufacturers can convincingly argue otherwise. .

Other devices of this type use an aluminium extrusion to form a
tubular geometry albeit with a square rather than a round bore; the
beam, however, is round if the mirror curvatures are well chosen.
The discharge is transverse i.e. across the “diameter” of the tube:
this is achieved using radio-frequency (RF) excitation. The RF
power is generated by oscillators and/or amplifiers in the same
sort of way as it is for radio broadcast equipment (or indeed
industrial eddy current heat treatment equipment). This form of
power is easily modulated and direct switching of the RF (pump)
power can be used to vary the average laser output power. 

There are two ways to vary the laser power, one is to switch the
laser on and off at a fixed frequency and simply vary the “on”
time within a cycle (pulse width modulation), the other is to keep
the pulse width constant  and vary the frequency (frequency mod-
ulation). Because this switching or pulsing happens at high fre-
quency, say typically 5000 times a second, then for materials pro-
cessing purposes it just looks like a constant output power.
Though there is not a lot of difference between the two tech-
niques, frequency modulation has the edge because each pulse is
the same size; intrapulse characteristics such as peak power can
change a lot as the pulse width is altered and this may have dif-
ferent effects on materials.

By incorporating a suitable optic into the laser resonator the out-
put beam can easily be made plane polarised. Using some simple
optics one may combine the output of two lasers whose polarisa-
tions are at right angles, to form a beam of twice the power (a
technique that can be used with any polarised laser). Because the
two constituent beams are orthogonally polarised there are no
interference effects. This technique can be used to make, say, a
100W laser with the length of a 50W laser.

A third type of sealed laser, the so called “slab” laser, uses a thin
sheet of discharge, formed in the gap, say 2mm wide between the
two metal electrodes of, say, 300mm long x 50mm wide. In this
way the wall area is increased and the cooling is dramatically
enhanced.  RF excitation is essential in order to establish a con-
tinuous stable glow discharge across the 2mm gap (note a trans-
verse discharge again). Because of the unusual aspect ration of the
gain medium a form of ‘unstable’ resonator is used in place of the
simple ‘stable’ arrangement of spherical mirrors. The mirror at
each end of the gain medium is cylindrical and fully reflecting but
one of the mirrors is incomplete, leaving a hole at one side to let

Figure 3. Schematic of a sealed off, or of a slow flow laser. Both have similar charac-
teristics: approximately 100W per meter of gain length can be extracted. In a slow
flow tube , a molecule typically spends about 0.2 s in the discharge region and the
thermal conductivity time constant is about 5 ms.
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out some of the circulating laser power. The beam emerging is
elliptical rather than round but it can be improved by external
optics to form a good quality circular beam. Nevertheless, it is
always worth looking carefully at the beam specification for a
particular laser if you need, for example, a beam with very small
ellipticity.

Slab geometry lasers are compact and relatively rugged and well
suited to applications where the laser resonator must be moved
about or be used in varying attitudes.

Gas chemistry is an important factor in all CO2 lasers but it is vital
in sealed devices. CO2 dissociates into CO and O2 and these disso-
ciation products have to be removed in some way (eg. absorbed into
the tube walls). Other minority components such as water vapour
contamination also create problems. Great care in choice of materi-
als, sealing techniques and vacuum processing is needed to make a
long-lived sealed laser and this adds significantly to its cost. 

Slow Flow Lasers
Slow flow lasers are similar to sealed lasers: except they’re not
sealed! They have an image problem in that they are viewed as
“old technology”. Objectively, however, slow flow lasers fill the
interesting niche of laser output between 200W and 1500W:
above 1500W fast flow lasers are dominant. 

As with a sealed laser, the output of a slow flow laser scales with
discharge length so a powerful slow flow laser is either very
long or has a number of optical folds in the resonator. The author
can attest that, since Ferranti Photonics has been making this
type of laser since 1972, practical folded discharge devices can
be as robust and reliable as non-folded discharge devices, with
excellent beam quality and very low beam ellipticity. There is
some gas consumption but with gas recirculation (again, avail-
able since the mid 1970s) this is really very little. A great bug-
bear of the early Ferranti slow flow lasers was the frequency of
servicing caused by the contamination of the mirrors and seals
by vacuum pump oil, but with the new oil-free pump technolo-
gy available now service intervals of 5000 hrs are conservative.
In fact, oil carry-over is not a fundamental issue, since a small
blower can be used for gas recirculation. Slow flow lasers are
predominantly longitudinal DC discharge pumped but there is
no reason why transverse RF excitation could not be used. The
Ferranti Photonics 600W slow flow laser head is 1.5m long and
0.46m square and weighs less than 80kg.

Metal cutting is a standard application for CO2 lasers with output
of 600W and above, so nitrogen and oxygen gas bottles are in any
case required in the vicinity of the laser as assist gases for cutting.
The idea that the absence of gas bottles is a big plus for sealed
lasers of this power level is thus questionable. 

At this power level, the issue of servicing of sealed lasers is also
worth considering. Sealed laser resonators often need to be
returned to base for breakdown repair, servicing and/or refilling
so that a replacement laser must be provided to avoid downtime;
this may be expensive but it is always logistically tedious. In con-
trast, slow flow lasers can always be fixed or serviced in the field.
Power supply problems for either type are generally field
repairable but solid state RF power supplies, as used for most
sealed lasers, can be troublesome.

Fast Axial Flow Lasers
Developed at TWI, near Cambridge UK, in the late 1970s (and
recognised by an AILU award in 2000) the concept of the fast

axial flow CO2 laser now dominates industrial laser technology. 

The key thing is that the scaling rule for these devices is that out-
put power scales with mass flow. (see figure 4). To get a fast flow
the gas mix must be compressed in order to establish a pressure
gradient to drive the gas through the discharge tubes, this was ini-
tially done with Rootes type compressors but turbine compressors
are more common nowadays. 

By flowing the gas mix quickly through the optical cavity/dis-
charge region, it can carry out its lasing function and then go away
to be cooled remotely before being recompressed and recycled. It
is thus necessary to cool the gas mix twice, once to remove dis-
charge heat, and once to remove the heat created by recompress-
ing the gas. Fast flow lasers tend to have short cavities with rela-
tively large bore tubes (typically 20mm inside diameter and about
1m in length) and these may be folded to give very compact
devices producing high power. In earlier manifestations of this
technology the use of “short fat” tubes and a desire to produce
power rather the less tangible beam quality meant that fast flow
lasers generally had poorer beam quality than their, then, slow-
flow rivals. However, with product maturity these deficiencies
have been addressed and many fast flow designs currently pro-
vide excellent beam quality.

Fast axial flow lasers can be transversely excited by a RF dis-
charge or by a longitudinal DC discharge. Some years back there
were quite forceful claims concerning the superiority of one
technique or the other. This debate has now settled down with
roughly equal numbers of both types being sold and little or no
fuss being made about which is best  – clearly they both do a
good job.

Fast flow CO2 lasers offer powers from below 1kW to 20kW,
though they are most common as power sources for flatbed, fly-
ing optic, laser cutting systems in the 2 – 4kW regime.

Semi sealed, slab geometry lasers also have a presence alongside
fast flow lasers in this power range. These devices are similar to
the low power completely-sealed slab lasers described earlier.
They use an on-board gas reservoir so that the laser gas mix with-
in the resonator is changed on a daily basis, this approach lessens
the requirement for long term gas chemistry control.

Other Types of CO2 Laser
Fast transverse flow laser 
Predating the fast axial flow laser, the gas flow in the fast trans-
verse flow laser is across  a transverse gas discharge, at right

Figure 4. Schematic of fast axial flow laser. The characteristics are:
approximately 1000W per meter of gain length can be extracted ,laser
power scales as mass flow rate, a molecule typically spends only about
0.002 s in a fast flow tube so external cooling is effective, and the pressure
drop along the tube is typically a factor of 2 (e.g. 80 mbar to 40 mbar).
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angles to both the gas flow and the output beam. The transverse
discharge is generally high voltage DC and so quite complicated
to implement and maintain. Normally an unstable resonator is
used in order to extract over the wide cross section of the avail-
able population inversion and achieve a reasonable beam quality.
Fast transverse flow lasers were the first devices to cross the
multi-kilowatt threshold and so helped to pioneer thick section
laser welding. Fast transverse flow lasers are still on the market
and offer high power for welding applications.

TEA lasers
TEA (Transverse Excitation Atmospheric) means the discharge is
orthogonal to the axis of the laser beam and that the gas mix is at
atmospheric pressure. This inherently pulsed form of CO2 laser is
sometimes encountered in materials processing, mainly marking
and hole drilling applications. Because gas collisions at atmos-
pheric pressure occur much more frequently than at the 10’s of
millibar used in cw lasers, short duration laser pulses of high peak
power are produced. Typically the excitation is via a high-voltage
fast-discharge capacitor and the number of pulses per second is
moderate, maybe tens of hertz.

Summary
In the 39 years since its discovery the CO2 laser has become an
essential manufacturing tool and is arguably the most important
industrial lasers. This article provides an introduction to the
underlying physics of the CO2 laser so that the different kinds of
laser available can be better understood.
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It was recommended when we purchased our first laser (Alpha
1212) that any mild steel components that were to be powder
coated should first be wire wheeled to remove any scale. We have
since purchased a second laser (Beta 3015) and are cutting a lot
more mild steel components, which due to the shape are practi-
cally impossible to wire wheel, on inspection there is no visible
scale. 

Are other laser users that are cutting mild steel actually wire
wheeling the edge prior to paint or are they just removing any
visible dross occasionally left?

Any mild steel which has to be powder coated up to and includ-
ing 2mm thickness we cut using high pressure nitrogen. In fact
with our Trumpf 3kW machine, nitrogen cutting has a quicker
feed rate than oxygen cutting until you reach 4mm thickness. The
clean cut edge using nitrogen obviously does not need further
operations and can be painted straight on the surface.
David Connaway Cirrus Laser

Whenever mild steel is cut using oxygen as an assist gas the edge
becomes coated with an oxidised layer. This layer will peel off at
some later time taking any subsequent paint layer with it. In order
to prevent this the steel should be cut using high pressure nitro-
gen as an assist. We would always cut mild steel >3mm using
nitrogen as a matter of course. The gas costs are higher than with
oxygen but cutting speeds are increased to redress the balance.
David Lindsey Laser Process Ltd

Some paint plants have a phosphate pre-treatment that can deal
with the scale from the laser cutting, otherwise you wire brush it
off or cut using nitrogen.
Rory McLeod Reekie Steeltec Ltd

We produce a lot of components which are then powder coated.
Normally our customer rumbles them to remove the edge scale
produced by the laser prior to powder coating. However, we are
now clean cutting them with Nitrogen which means they can be
powder coated without rumbling. 
Ian Fleming Lakeland Laser

We have our own powder coating plant and find that for materi-
als >2mm thick the coating sticks to the oxide layer very well but
the oxide layer is not bonded to the parent metal as well as the
powder. On thinner materials (<1.5mm) this is not so much of a
problem, as the paint "wraps-round" from the surface above and
below the cut edge, preventing the paint chipping off.

There are 3 solutions that we are aware of:

1) Cut with Nitrogen. However, cutting thicker materials with
nitrogen can be too slow unless you have a higher power laser.

2) Pre-treatment prior to painting. This involves dissolving the
oxide layer in acid. But it poses severe H&S issues due to the cor-
rosive solution and toxic fume generation. Speak to your powder
paint supplier for details. 

3) Mechanical removal. Depending on the size of components,
you could use either shot-blasting, wire/abrasive wheels or vibra-
tory deburring equipment. 

We only tend to deal with the problem when we have been asked
to specifically by our customers. At the enquiry stage, we always
inform them that this might be a problem and that there would be
an additional cost for dealing with it.  So far we have used meth-
ods 1 and 3.

Andrew Jordan Hydram Engineering

QUESTION & ANSWER

Laser cutting steel for powder coating
?

see ‘Observations’ on p41
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Transparent acrylic (PMMA; polymethyl methacry-
late) evaporates readily when exposed to a CO2 laser
beam and it has therefore been a useful material for

measuring CO2 laser beam characteristics for almost thirty
years. Acrylic has been successfully used to monitor the fol-
lowing aspects of CO2 laser beams:

• Unfocussed beam cross sectional dimensions and position
(These generally shallow, evaporation prints are called ‘beam
prints’);

• Unfocussed beam intensity distribution (These, deeper, evap-
oration prints reveal the ‘mode’ of the laser and are referred
to as ‘mode burns’);

• Focal point diameter and position;

• Temporal fluctuations in power, intensity distribution and
beam position;

• Quantitative power measurements.

Unfortunately, clear acrylic cannot be used in the same way for
Nd:YAG lasers because the material has very low absorptivity at
the Nd:YAG wavelength of 1.06µm.

However, recent research at Swinburne University of
Technology has revealed that carbon-filled opaque grades of
acrylic can be used to monitor Nd:YAG laser beams.

A typical 5 mm thick sample of transparent acrylic is 95% trans-
parent to the 1.06 µm radiation generated by a Nd:YAG laser.
However, if a black, opaque, carbon filled sample of acrylic is
used, the transparency decreases to less than 2%. In this case the
material absorbs the beam power and evaporates at a rate relat-
ed to the local laser irradiance (power density). This allows us
to identify the beam position and shape as shown in figures 1, 2
and 3.

When a CO2 laser evaporates clear acrylic the process is one of
absorption, melting and depolymerisation. This simple interaction
generates a vapour which is largely made up of methyl methacry-
late, the monomer from which acrylic is made. 

When opaque, carbon filled, black acrylic is evaporated by an
Nd:YAG laser beam the interaction is a little more complex. The
carbon particles, which are held in suspension in black acrylic,
absorb the incident laser radiation and become hot. These hot par-
ticles give rise to local melting and depolymerisation of the
acrylic. The resultant vapour contains methyl methacrylate and
carbon particles. 

A consequence of this two-stage heating process is that it is more
difficult to use the laser-target interaction to quantify the laser
energy involved in removing material and hence to measure the
laser power. Research at Swinburne University is continuing and
will attempt to clarify this point in a future publication. 

One final point for Nd:YAG laser users to bear in mind is to
ensure that the black acrylic used is carbon filled rather than dyed
black. Dyed black acrylic is generally transparent to Nd:YAG
laser beams.Figure 1. The results of a focal point mode burn experiment carried out

with carbon filled black acrylic and an Nd:YAG laser. These results con-
firmed that the focal point did not move as the laser power was
increased. The figure demonstrates little shift of the focus as a result of
increasing power
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Figure 2. Beam prints taken before (a) and after (b) a beam bending
optic which show that the beam cross section has become elongated as
a result of reflection off the optic.

Figure 3. A sequence of mode prints taken near the focal point of a
beam splitting focussing optic used to produce a dual spot beam. In view
of the significant differences in the beam patterns above and below the
focus, these results indicate that it may be important, when processing
material using a dual spot beam, to consider the spot position about the
focus as well as the spot size. 

30 mm
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Crash energy absorbers built into railway rolling stock
is hardly a revolutionary design concept. The aero-
space and automotive industries have been at it for

decades and have applied state-of-the-art technology to create
the associated parts and assemblies. However, it is only
recently that energy absorbers, in the form of honeycomb
crush cans, have been developed for rolling stock. 

As toolmakers, with a Trumpf TLC1005 3D-7 axes, 3kW CO2
laser cell, TRS Engineering was invited by MIRA Ltd in associa-
tion with Bombardier Transportation to make prototype honey-
combs and associated crush can parts and assemblies using 3D
laser cutting and welding techniques.

The prototypes were to be used to assess the design and manu-
facturing feasibility, to develop the production techniques and to
compare their energy absorption characteristics against computer
predictions. The plan is that the production version of the honey-
comb structures will be built into the leading and trailing ends of
trains and, as with motor vehicles, will absorb the energy of a
crash impact while maintaining the integrity of the passenger-car-
rying superstructure.

Honeycomb Test Cans
The prototype test cans were to be the size of a one metre cube
and comprise a homogeneous honeycomb structure end-welded
between steel plates. For the impact testing the test cans had to be
horizontally mounted to the simulated superstructure on a sledge,
which was to be driven into a solid structure.

The honeycomb folded panels were formed from high yield
strength (400 MPa/mm2) mild steel sheet, and 3D laser trimmed
to length. They were to be progressively assembled to form the

honeycomb structure and 3D laser seam-welded, panel to panel,
as shown in figure 1.

Manufacturing development
From the outset problems had to be overcome. For example:

• How could the panels from the high yield strength material be
formed to the corrugated pitch and flatness necessary for
matching and for laser seam-welding?

• The panel interfacing flat surfaces had to be tram-line laser
seam-welded along their length and within the confines of the
end plate walls: how could the position of the laser beam waist
be maintained at the weld interface while the head was being
tilted to avoid a collision and what laser power variation was
required to compensate for the decreasing angle of incidence?

• How could the metre cube test can be assembled on a laser
with the Z axis movement limited to 750 mm?

After much consideration of the above questions, a successful
strategy for the manufacturing and assembly operations was
devised.  The first part of the process, after forming and 3D laser
trimming of the panels, was to assemble them on the laser bed in
a purpose-made fixture, as shown in figure 2. The first panel was
set and clamped into position. It was MIG welded to the rear plate
and measured for pitch and height, forming the datum from which
the honeycomb was built.

Use of lasers in train safety structures:
a case study of 3D laser cutting and welding

Wesley Osborne
TRS Engineering Services Ltd

2 Saddlers Court    Fryers Road    Bloxwich    West Midlands    WS2 7LZ    UK
T: +44 1922 476018 F: +44 1922 476020 E: trseng.services@btconnect.com

Figure 1. Single honeycomb laser seam-welded sample, showing screw
holes used to fit clamps to hold formed panel flat faces tightly together.

Figure 2. Honeycomb assembly fixture as used to assemble structure on
the laser bed, with first panel in position for MIG welding to the rear
plate, ready to clamp on the second panel for laser seam-welding.
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The flat faces of the second panel were mated and clamped to the
first panel. The clamps held the formed panel flat faces tightly
together to minimise the chances of interface weld splatter.  They
also enabled the flat faces of the panels to be adjusted and accu-
rately positioned for the laser seam-welding operation.

During the laser seam-welding process the panels had to be weld-
ed along their length right up to the end plate, as shown in figure
3. This required the welding head to be progressively swivelled
from the normal 90o through an angle of 35o, in order to avoid a
collision with the rear plate. To accomplish this it was necessary
to develop empirically a program that would simultaneously con-
trol the B (swivel), Y and Z axes; and control the laser output
power to produce a good weld. Figure 4. shows the penultimate
stages of assembly, before fitting the last two panels of the hon-
eycomb. 

Once the honeycomb assembly had been completed the front
plate was fitted and peripherally MIG welded around the exterior
fillet joints.

Initial test, results and second development phase
The first prototype test can was fitted to the sledge specially
designed superstructure and, with all the appropriate strain
gauges, telemetry and high speed cameras, it was crashed into a
massive solid structure.

The analysed results were encouraging but indicated an unaccept-
able initial impact stress spike. The spike was produced because
the honeycomb structure had not started to crush for a split sec-
ond after impact and it was clear that something had to be done to
reduce the initial impact crush loads that had thereby been trans-
mitted to the superstructure.

To this end it was decided to construct each of the honeycomb
panels from flat sheets having two yield strength materials, high
400 MPa/mm2 and medium 200 MPa/mm2. The flat sheets were
to be cut to half size and laser butt-welded - strong to medium. On
assembly of the formed panels, the lower yield strength section
was to be to the front, so that it would crush under the initial
impact loads. As the crush progressed, for the stronger material to
take over.

From the laser butt-welding point of view, and to cut a long story
short, the interfacing butt edges of the two sheets had to be a per-
fect fit with no light paths, otherwise the laser would blow holes
through the joint.  Also, the sheets had to be clamped flat to pre-
vent steps or gaps.

From the point of view of mechanically forming the composite
panels with two yield strengths of material, each having its own
spring-back recovery, secondary operations were needed in order
to create the required uniformity of shape along the panel lengths.

Further tests and developments
The initial impact stress spike was significantly reduced, suffi-
cient for the strong bottom sections of the sledge superstructure,
but further up, where there was less support, the attaching super-
structure was still being overloaded.

A solution was proposed after the second test which resulted in a
more progressive loading of the structure. This feature is clearly
seen in figure 3. Trials with the modified prototype were a success
and established the bases for the production procedures and
processes.

Final comment
This example illustrates how multi-disciplinary skills are needed
to get the best out of 3D laser systems.
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Figure 3. Assembly
rotated into operating
position, showing the
laser butt-welded
panels and the laser
seam-welded 
structure. 

The inclined laser
butt-welded joint line
of the higher yield to
the lower yield mate-
rial was to provide a
more progressive
loading of the 
structure.

The laser seam-weld
is seen to be along
the length of the pan-
els and to extend
right up to the rear
plate.

Figure 4. Honeycomb structure prior to the assembly of the last two 
panels and MIG welding of the front plate.  
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Direct diode lasers offer multi-kW output powers in a
shoe-box size laser head, but with a relatively poor
beam quality. As a result, these lasers have found

many applications including surface hardening of steel, weld-
ing of plastics and surface cladding; but in the case of welding
the relatively large focused spot size  spot generally means
that welding is achieved purely by conduction. "Keyhole"
welding, which requires a significantly greater focuses laser
power density, has been shown to be possible for certain direct
diode laser configurations and materials, but not generally.

Despite most welds being conduction limited, a variety of metals
have been welded with diode lasers and there are many commer-
cial applications in which high integrity joints in sheet material
are required. An example of this type of application is the gas tur-
bine engine; fabricated structures are required in materials such as
titanium that can be considered difficult to join. 

Introduction 
Much work has been done on the welding of titanium, including
CO2 and Nd:YAG laser welding, but very little work has been
undertaken on direct diode laser welding of titanium. Aluminium,
titanium and steel have been successfully direct diode laser weld-
ed. Most work indicates that for 1 mm thick materials, high weld-
ing speeds of over 1 m /min can be used, but that slower process-
ing speeds are generally required for thicknesses of 3mm or
greater. 

In an previous article (Conduction welding with diode lasers for
the aerospace industry by S Williams et al, Issue 24, p18, Sept 01)
it was argued that that conduction-limited direct diode laser weld-
ing offered higher quality welds in a variety of materials and was
an attractive alternative to other welding processes.

Results 
A Rofin Sinar Diode Laser 1.5kW DL015 and a 2.5 kW DL025 at
940 nm wavelength were used exclusively in this work, with no
additional focusing lens. Both lasers produced a rectangular beam
waist, the DL015 with dimensions of approximately 1 mm x 3mm
and 2 mm x 6 mm for the DL025. The beam was used in the fast
axis direction in all cases i.e. with the longer dimension of the
beam waist in the direction of welding. 

Figure 1 (a) shows bead on Ti6242 titanium plate using a DL015,
power 1.2 kW,  with argon used as protective atmosphere, at a
constant traverse speed of 150 mm/min. At this speed the weld on
the 1mm plate fully penetrated, the 2mm plate was not quite pen-
etrated, nor was the 3mm plate. Changing the inert gas from argon
to helium made very little difference. 

A change in the width of the weld with the thickness of the plate
is noticeable in Figure 1 i.e. the thinner the plate the wider the
weld. This is presumably a result of the heat flow pattern chang-
ing from flow along the surface, away from the weld, in the thin-
ner material, to full 3 dimensional heat flow in the thicker plate. 

If the 3 mm plate was to be full-penetration welded from one side
only, then the heat input required would be higher than used in
figure 1 and the weld width would therefore be much greater. To
avoid this problem and obtain a narrow weld zone in a conduction
limited weld in the thicker material the best way is by welding
from each side of the plate. Such a weld is shown in figure 2.

Figure 3 shows the effect of traverse (welding) speed on the butt
joint welds in 1, 2 and 3 mm titanium plate using the DL025 laser
at 1.8 kW output. Full penetration of the 1 mm thick plate was
achieved at a speed of 1 m/min. The width of the weld on the top
surface was 4mm, the width on the underside was 1.5 mm (Figure
3 (a)). At slower speeds (750 mm/min) the weld width increased

Welding Titanium alloys with a direct diode laser
Janet Folkes, Ian Pashby and Brian Bryden*

School of Mechanical, Materials, Manufacturing Engineering and Management
University of Nottingham

University Park    Nottingham    NG7 2RD    UK
T: +44 115 846 6394  F: +44 115 951 3800 E: janet.folkes@nottingham.ac.uk

*Warwick Manufacturing Group
University of Warwick

Figure 1. (above) Single pass, single sided, direct diode conduction
welding of Ti6242 titanium on (l to r) 1mm, 2mm and 3mm thick plate
using 1.2 kW laser power at150 mm/min 

Figure 2. (right) Double-sided weld on 3 mm
titanium plate using 1.2 kW laser power at 150
mm/min. The scale of the photograph is as in
Figure 1. 

10 mm

Figure 3 Single pass, single sided, direct diode conduction welding of
Ti6242 titanium using 1.8 kW on (a) 1mm plate at 1m/min, (b) 1mm plate
at 750mm/min, (c) 2mm plate at 250mm/min

10 mm

a b c
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to 5 mm on the top surface (Figure 3 (b)) and 3 mm on the bot-
tom and in some cases the sample could be destroyed, indicating
too much melting in the fusion zone. 

Similarly for 2 mm plate, traverse speeds of 250 mm/min gave a
weld width of 8 mm on the top surface and 2 mm on the bottom
(Figure 3 (c)). For 3mm plate, speeds as low as 50 mm/min had
to be used to achieve full penetration, giving a weld width of 15
mm on the top surface. 

Stake weld trials involving a 1 mm top plate to a 3 mm thick. plate
beneath were generally unsuccessful, but under certain conditions
the welding could be done such that it melted the 1 mm plate and
cut one edge of it at the same time as welding it to the 3 mm plate
below. The welded edge was of excellent quality (Figure 4). This
might have some applications in areas where two pieces of mate-
rial need to be welded together and trimmed at the same time. 

The microstructure of all the welds was analysed. The microstruc-
ture observed was consistent with normal laser welding, where β
Ti grains nucleate and transform to martensite α'. The β Ti grains
become finer with increasing welding speed, corresponding to a

faster cooling rate. The heat affected zone is a mixture of this
structure and, on the outer edge untransformed β Ti and α'. 

Tram Lines
Contamination of the weld was avoided by using the inert atmos-
phere. All the welds were shiny and showed no sign of oxidation.
However, some black deposit and in some cases some blueing
was seen at the edge of the weld, both referred to as "tram lines".

This subject of blueing and the sooty deposit has recently been
discussed in The Industrial Laser User (Issue 31, p24). The blue-
ing is related to the hydrated surface layer that naturally occurs on
the surface of titanium and the black deposit is related to particu-
late given off in the welding process. The tram lines followed the
temperature of the substrate, an effect consistent with the mecha-
nism of their formation i.e the blueing only occurs in a certain
temperature range, so effectively provides an isotherm. 

In the illustration in Figure 5, the two thin samples in the left and
middle photo were supported only at the corners, leaving the mid-
dle 10 mm section unsupported, and the tram lines are seen to
move out in this region due a higher temperature, since heat is not
being conducted into the support plate. In the right hand photo the
sample is in full contact with the support plate so the heat distri-
bution is uniform and the tram lines are parallel. 

Conclusion 
Good quality, conduction limited welds can be achieved using a
high power diode laser on titanium plate. Welding speeds of over
1 m/min can produce fully penetrated welds in 1mm Ti6242 using
a Rofin DL025 direct diode laser at 1.8 kW. Good quality welds
can also be achieved at lower power at slower processing speeds.
The choice of inert assist gas had little effect on the weld width or
depth. The thickness of the sample affects the width of the weld
bead. Increasing the plate thickness decreases the weld width, all
other parameters remaining constant, a result attributed to a
change in the heat flow from one dimension to three dimensions
for thicker plates. The welds were found to be contamination free
and the microstructure was consistent with that of conduction lim-
ited laser welding of α + β titanium alloys. 

This article is based on a paper given at ICALEO (Jacksonville 13-16 Oct 2003)
and is published with the kind permission of the Laser Institute of America.

Lasers in Manufacturing

Figure 5 Tram lines. In the left and middle picture the thin sample plates
were supported only at their corners . In the right hand picture the sam-
ple is in full contact with the base plate

10 mm

Figure 4. Simultaneous
cutting and welding. The
top 1mm thick plate is
edge-welded to a 3 mm
plate below.

Are there any regulations governing the materials that can be
used to build an enclosure for a Class 4 laser? For example,
would plasterboard be an acceptable material for constructing a
room to house a laser?

There are no Regulations specifically relating to lasers as such. I
would suggest that Building Regulations including the use of fire
resistant materials is appropriate and advice from the Fire
Services might be prudent. Certainly a revision of your risk
assessments under the Fire Regulations as well as the Workplace
(Health Safety and Welfare) Regulations would be essential.

If you plan to use this room not just for servicing laser equipment
but for normal laser materials processing operations with the
process zone otherwise unguarded then an assessment of the max-
imum laser exposure at the wall should be made in accordance
with the standard EN 60825-4. If the wall is some distance

beyond the beam focus then the exposure at the wall may be suf-
ficiently low for normal building materials to suffice but testing a
sample would be prudent. Particular care will be necessary in
specifying any window materials and consideration must also be
given to exposure of the roof to upward-travelling laser radiation.

You will need to provide instructions, adequate protection and safe
working conditions for any person working inside the enclosure.
The major hazards will include laser generated fume in addition to
laser radiation and any mechanical, electrical or gas hazards.

EN60825-4 also gives some guidance on local enclosure design;
if the laser process zone can be locally enclosed, this will not only
improve laser radiation safety but will often resolve fume extrac-
tion problems too.

Mike Barrett   Pro Laser Consultants

Materials for laser enclosures? Q
&

A
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Afew years ago the LCWG* decided to conduct a sur-
vey of the state of the art of laser cutting and sent out
a questionnaire to the various commercial laser cut-

ting machine suppliers around the world. Detailed responses
were received from four of the main suppliers, whose
anonymity is maintained. The results are presented here and
provide an interesting overview of the state-of-the-art of com-
mercial laser cutting.

The results relate to flat sheet CO2 laser cutting systems in the
1.5-4.5kW range. The data relates to the three most commonly
cut metallic materials; mild steel, stainless steel and aluminium.
Each company provided the parameters for their commercial sys-
tems to cut specific thicknesses of these materials. In some cases
several data sets were provided for each thickness to reflect the
various laser powers available, the resulting data providing a
valuable insight into the laser cutting process.

Figure 1 presents laser power vs. sheet thickness data. Results for
mild steel shows a minimum laser power threshold for cutting
that increases almost linearly with sheet thickness. This finding is
echoed in the results for stainless steel and for aluminium.

Figure 2 presents  cutting rates vs. sheet thickness data and again
all three metals show the same trend. In this case, it is seen that the

State of the Art in Industrial CO2 Laser Cutting
Jack Gabzdyl

BOC
The Priestley Centre   10 Priestley Road    The Surrey Research Park   Guildford   Surrey  GU2 7XY

T: +44 1483 244629 F: +44 1483 244657 E: jack.gabzdyl@boc.com

*The International Institute of Welding (IIW) is an organisation that is actively involved in the
sharing of technical and safety information related to welding and allied processes between
member counties. One of the Commissions that deals with thermal cutting processes has a
Laser Cutting Working Group (LCWG) which has been active for nearly 20 years. Chaired by
Prof F Olsen of Denmark the group meets twice a year to share information and to review top-
ics of interest. 

Figure 1. Optimum power vs thickness data for three metals.

Figure 2. Optimum cutting speed vs thickness data for three metals.
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upper limit to cutting rate that is dependent on laser power. These
results may be obvious to exponents of the art, but it is reassuring
that the results are relatively consistent between the suppliers.

Perhaps more interesting are the results in Figure 3 that show the
applied cutting gas pressures. Oxygen is generally the preferred gas
for cutting mild steel and the results show that the applied gas pres-
sures is reduced as thickness increases and, more importantly,  the
spread in the pressure decreases. Inert assist gas is preferred for cut-
ting stainless steels and aluminium. The results show that signifi-
cantly higher pressures are required than for oxygen cutting of mild
steel and that the pressure increases with thickness; stainless steel
and aluminium displaying the same trend.

All of the companies who provided data use 5“ and 7.5” as the pre-
ferred focal length their lenses. The 5” lenses are typically used for
materials in the 1-5mm range while the 7.5” lenses are used for
thicker materials typically above 3mm to benefit from the increased
depth of focus and the slight increase in the kerf width.

One question often asked is where is the optimum focal position
for laser cutting. The results in Figure 4 are useful in showing the
differences in focal position by material and thickness. For mild
steel it can be seen that the focal point should be either on the sur-
face, or just above it for thicker materials possibly in order to
widen the kerf and facilitate material removal. With stainless steel
the trend is to move the focus down below the surface of the plate
with increasing thickness and this trend is more strongly applied
for aluminium. It may be surprising to see that in some cases the
focal position can be below the bottom surface of the plate.

Figure 5 plots recommended nozzle diameter, again an interesting
trend. The general rule is that the nozzle diameter increases with
material thickness. What is perhaps surprising is that this increase
is smallest for mild steel and greatest for aluminium.

Figure 6 plots recommended nozzle to workpiece stand off distances,
revealing little difference between the suppliers. In the majority of
situations it is kept between 0.5 and 1.5mm. However, for thicker
mild steel there was a tendency to increase stand off to 2mm.

There may not be any earth shattering revelations in this survey,
but  the consistency in data from the various contributors is reas-
suring. These results are now about 3 years old and the LCWG
has decided to repeat the survey in 2004 to reflect the increases in
laser power now used for laser cutting. The author would be
delighted to answer any questions about the LCWG.

Lasers in Manufacturing

Issue 32, September 2003

Figure 3. Optimum cutting pressure vs thickness data for three metals.

Figure 5. Optimum cutting pressure vs thickness data for three metals.

Figure 4.
Optimum
focus position
vs thickness
data for three
metals.

Figure 6. Nozzle stand-off distance vs thickness data for three metals.
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see ‘Observations’ on p41
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As with so many other commodities in industry, process
gases are very much taken for granted. Often little
thought is put into reducing costs and investigating

both the optimum process gas composition and the method of
storage and delivery. The aim of this article is to outline the
options available, their benefits and their costs.

Gases used with lasers
As noted in Chris Williams’ article (this issue, p21), gas lasers
may consume gas in the resonator. Any type of laser may use gas
to purge the beam delivery line and in crossjets to protect process
lenses. The laser process may require shield gases and cutting
accellerants. The first of these areas of use, the lasing gases, are
specific to the type of gas laser being used, and are often supplied
pre-mixed to the laser manufacturers specifications.

Shield gases
Shield gases are used, for example, to produce a controlled inert
atmosphere surrounding the point of laser welding, to prevent
oxidation, control the plasma and thereby maintain weld quality
and consistency. (The shield gas head may also help to contain
weld fumes and spatter.)

Of the three gases commonly used as shield gases (nitrogen,
argon and helium), the most commonly used gas is Argon, which
has few if any vices, and is easily stored and delivered to the point
of use. Helium is relatively expensive gas and is more difficult to
handle because of its low density; however, it does have the
advantage that it helps reduce the melt time of the material being
processed, which can be of benefit in short cycle time or thick
material applications. Nitrogen is an inexpensive and easily gen-
erated gas; however, it is not truly inert and is unsuitable for some
applications. For example, nitrogen embrittlement can occur in
the welding of aluminium. 

Cutting accellerants
Four gases commonly used to assist the laser cutting process are:
oxygen, compressed air, nitrogen and argon. A key factor in the
decision as to which gas to use is the gas pressure required at the
point of cut. In particular, it is difficult and expensive to deliver
stored gases at pressures above 12 bar and this may limit the
choice to compressed air.

Oxygen is the best cutting accellerant. (See Process assist gases
for laser cutting of steels by J Gabzdyl, Issue 4, p23, 1996)
However, its use increases the risk of fire and potential injury to
operators, so steps need to be taken to prevent oxygen enrichment
of the atmosphere around the laser. The inflammable nature of
certain materials, particularly in powder form, may also eliminate
oxygen as an option, particularly for titanium and magnesium
alloys and certain aluminium alloys. Oxygen should not be used
where the cut edge is to be welded later, as the material surface
will be oxidised, to the detriment of weld quality.

Compressed air is the least expensive cutting gas and is a safer
means of delivering oxygen to the point of cut; however, it is
essential that the compressed air is dry and oil free. Nitrogen is
used when cutting materials where oxidation is a problem; for
example, if the cut edge is to be used for any secondary operation,
a butt weld in particular. Argon is used primarily when cutting
titanium, as the inert argon reduces the fire/explosion hazard
associated with titanium dust.

Purge gases
Where a CO2 laser beam is guided through a beam tube, it is nec-
essary to establish a clean atmosphere at positive gauge pressure
inside the tube to protect the optics from contamination and to
prevent the ingress of other gases (including process fume) that
can give rise to thermal blooming effects. (See The importance of
purging CO2 laser beamlines by G Parkins, Issue 14, p17, 1999)

Two gases are used mostly for this purpose, nitrogen and com-
pressed air. Nitrogen is ideal as it can be provided inexpensively,
and is effectively inert. Where compressed air is used it must be
clean, dry and oil free.

Crossjets
A crossjet is used to prevent spatter and/or fumes from contami-
nating the optics in  the head. In many cases, the crossjet is com-
bined with an extraction system to maximise the benefit. Even if
a sacrificial cover is used to protect the optics, a crossjet arrange-
ment is desirable, as this greatly increases the time between
changes, thereby improving uptime.

The gases most commonly used for providing the crossjet are
argon and compressed air. Once again, the compressed air must
be clean, dry and oil free, and is only used where it is not neces-
sary to preserve an inert atmosphere around the cutting or weld-
ing zone. Argon is used where the maintenance of an inert gas
zone around the point of work is essential for the quality of the
process, particularly where it is important to prevent the forma-
tion of an oxide layer.

Supply and use of gases in laser materials processing
Stephen Ainsworth

SJ Ainsworth Consultancy Ltd
51 Broad Street    Brinklow    Warwickshire  CV23 0LS    UK

T: +44 1788 832375    F: +44 1788 833920    E: StephenAinsworth@compuserve.com

Figure 1.  Gas bottle storage, showing key design features.
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Gas Consumption
Some laser applications, cutting in particular, have very high gas
consumption. In such cases the cost of the gas makes a significant
contribution to the overall economics of the laser process.

To take one costed example, a 500W Nd:YAG laser cutting 2mm
thick steel uses 75 litres of Oxygen per cutting minute at 6 bar
pressure. This equates to a consumption of 36,000 litres of
Oxygen (36m3) per 8 hour shift at 100% utilisation.

In gas supply terms, this would require one of the following:

• 3 single gas bottles per shift

• 1 Manifold cylinder pack (MCP) every 3 shifts

• 1 Bulk Tank refill every 63 shifts

Typical costs
For Bottle Gas, the cost per shift would be:

Gas Cost £20.40

Bottle Rental Cost £42.00

For the MCP option, the costs per shift would be:

Gas Cost £15.25

MCP Rental Cost £26.66

For the Bulk Liquid Storage option the costs per shift would be:

Gas Cost £ 5.60

Bulk Tank Rental Cost £ 5.75

Bearing in mind that gas costs can vary greatly with volume usage
discounts and other factors, the figures presented above for the
gas and rental charges are generally accepted for estimating pur-
poses.

As can be seen, there are significant differences in the
relative costs, although not all options may be avail-
able; in particular, space, access restrictions and the
distance to the potential storage site can make bulk
storage impractical.

Gas supply installation
Gas Bottle Storage:
An example of a typical installation is illustrated in
figure 1.

In this case, flexibility is catered for by installing
individual gas supplies that can be switched over and
the supply tube purged with the new gas when chang-

ing process or material type.

In high usage cases, it is normal to have an automatic changeover,
by which the supply from one bottle changes over to another
when its pressure is below a preset value. This allows bottles to
be changed without affecting the process, increasing uptime.

MCP Storage
An example of a typical MCP (Manifold Cylinder Pack) installa-
tion is shown in figure 2.

In this case, an automatic changeover is particularly important
since the changeover time is potentially much longer than for
individual bottles because a forklift is required to move the MCP.

Bulk Storage:
An example of a typical bulk storage installation is shown in 
figure 3.

In this case, it is very important that the correct location is chosen
for the tank. It should be in a secure compound, to prevent acci-
dental contact with the very cold pipes and valves around the
installation, and should be sited to allow easy tanker access next
to the compound because only a short hose can be used.

Nitrogen Generator:
Where Nitrogen is used in large quantities, and the process does
not require truly oxygen-free nitrogen, it is possible to use a nitro-
gen generator. A typical installation is shown in figure 4.

The generator works by filtering nitrogen from standard clean,
dry, oil free compressed air, and provides continuous low cost
nitrogen of a consistent purity in a compact low-maintenance
installation.

As well as for supplying process gas, nitrogen generators are ideal
for producing gas for pressurising the beam tubes of the CO2 laser 
delivery lines.

Installation Do’s and Don’ts
All pipework and joints should be impermeable to the gases used,
to prevent both loss of gas (a particular problem with the lighter
gases, especially helium) and gas contamination, leading to poor
process quality. Also, the material used for the tubing must be
able to withstand the thermal shock of contact with liquid gas so
it is best to use metal tubing throughout, preferably copper, but
stainless steel may be used in certain circumstances.
Consideration should also be given to possible chemical interac-
tions between the tubing material and the gas being carried.

Figure 3. A bulk storage installation, identifying key features.
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Figure 2.  MCP storage, showing key design features.
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In most cases, standard welding hoses
are not suitable for use with laser
process gases, primarily as they are
slightly permeable to most laser
gases.

All joints used should be gas tight,
and the line should be purged and
pressure tested before use, and then
approximately annually thereafter to
ensure a leak free state is maintained.

Only high quality gas regulators
should be used in laser gas installa-
tions, with stainless steel diaphragms
and a purge facility, especially where
bottles or MCP’s are changed. The
drawback with standard regulators is
that they may allow moisture and
oxygen contamination of the gas
stream, and neoprene regulators can
react with gases or allow hydrocarbon
contamination.

In installations, such as combined cutting and welding installa-
tions, where more than one gas is used, it is most important that
the common line should be purged with the new gas before the
process begins. Consequently, the common line should be as short
as possible to reduce gas wastage.

In all cases, care needs to be taken to prevent excessive gas
enrichment within the laser process enclosure, either oxygen
because of risk of fires or other gases (nitrogen, argon) because of
the risk of asphyxiation. . In order to achieve this, and to remove
the fume generated in the laser process, a high flow extraction
system is required; especially if the cabin is totally enclosed.
(N.B. It may be necessary to further treat fumes before they are
vented to atmosphere.)

Where an oxygen hazard exists, or where hazardous dust is a by-
product of the process (cutting titanium for example), then it may
be necessary to use intrinsically safe controls and to fit explosion
proof fittings within the Laser Cabin.

Gas Controls
When gas valves are opened, there is an initial surge of gas
through the valve. This can be a particular problem if the valve is
being opened and closed frequently during a process, since this
initial surge can be many times the theoretical steady state flow of
gas through the valve, so can lead to both gas wastage and poor
process quality.

The effects of gas surges on process quality include molten mate-
rial being blown out of the melted pool, or gas enrichment lead-
ing to either dissolved gases in the material after re-solidification
(porosity) or weld or cut edge quality deterioration.

The adverse effects of gas surges can be controlled by using anti-
surge valves, located as close as possible to the point of use (and
after the valve being opened). These valves can easily be set to
give an optimum flow throughout the entire cycle, and eliminate
gas wastage or process effects otherwise caused by gas surges.

Conclusion
Gas is an essential commodity for laser processing and matching
the gas storage and delivery method to the usage can make sig-
nificant cost savings.

A poor gas supply installation may have a significant adverse
effect on safety and product quality, especially if inappropriate
pipe or hose materials and regulators are used and if care is not
taken to control leaks and to establish the integrity of the installa-
tion before use. Other factors that can significantly reduce the
quality of the process, or cause damage to the equipment, are the
presence of oil or moisture in the gas supply lines or equipment.

This article is based on the presentation made by the author at the
AILU 2003 General Technical Meeting on 9th April 2003.

Figure 4. A nitrogen generator installation, identifying key features. Parameters for a typical installation for
cutting stainless steel, aluminium or Zintec would be: Nitrogen Purity 99.9% (0.1% oxygen content);
Nitrogen flow rate 27 Nm3/hr.
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Job Shop 03
The annual business meeting for senior job shop personnel

to network and discuss the major issues of the day

Wednesday 22 October at 'The White Hart at Lenton', Nottingham
Buffet lunch and afternoon meeting with lots of opportunities to express opinions and share ideas

One of many strong endorsements from JS 02:
“Anyone serious about the job shop business should attend. The benefits can be general, specific and  unpredictable.” 
Simon Lau - Lasers Are Us, Pyle, Cardiff
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The rapid manufacturing of large metal forming tools,
for car body parts for example, is a novel and promis-
ing application of the Metal-LOM (Laminated Object

Manufacturing) technique. In early 1997, a special machining
centre was installed at the Toyota Technological Institute for
the manufacture of forming tools by this technique, with the
principal objectives of reducing the time and cost of what is
traditionally a time-consuming process. The machining centre
is a laser-integrated 5-axes CNC milling centre. It incorpo-
rates a Nd:YAG laser for cutting or welding and an metal
sheet loader. for automating the rapid tooling of large car
body parts. 

The active parts of the tools produced by the machining centre
are clad with wear resistant coatings by laser or by plasma trans-
ferred arc cladding; laser-assisted plasma spraying is also avail-
able for surface treatment of the tool. In addition, laser build-up
welding directly onto the sheet package can be used to produce
smaller parts of tools of complex shape. 

Introduction 
Research and development in the field of metal LOM began in the
early 1980s; it is one of a number of rapid tooling techniques and
is particularly well suited to large tool. manufacture (see, for
example, the review of the AILU Rapid Tooling Workshop in Issue
30 (March 2003) and ‘Laminated Metal Tooling’by B Bryden and
D Wimpenny Issue 15 p13 (May 1999)). Figure1 shows an exam-
ple of a die manufactured by the metal-LOM process.

The manufacturing process starts with a  three-dimensional CAD
model from which the shapes and sizes of the laminar layers are
determined. The cross-sections are laser cut and subsequently
assembled using different mechanical or metallurgical joining
technologies. Strength and life of tools may be additionally
improved, for example, by finishing of the critical edges by laser
cladding or plasma spraying. The use of laser-based methods
ensures high flexibility in the manufacturing process. 

The purpose of the
research project MELA-
TO (Metal Laminated
Tooling) presented in this
paper has been the devel-
opment and improvement
of process chains for the
manufacturing of large
tools. The different tech-
nologies for cutting,
assembling and joining of
metal sheets by the LOM
principle have been used

to reduce the manufacturing time from 16 to one week for tool with
dimensions in the metre-range and to match tool life to application. 

Data Processing 
CAD modifications
Three dimensional CAD data of the tool to be manufactured, such
as is illustrated in figure 2a, are read into the CAD system using
VDA, IGES, STL or some such interface format. 

For the particular MELATO application, however, the tool was
modified. As shown in figure 2b the contour geometry (the mid-
dle part) has been separated from the tool frame for separate man-
ufacture as a tool insert. The insert is manufactured by metal
LOM whereas the other sections (which are of simple shape) are
made conventionally. They are easy to manufacture and can be
used as a universal tool frame. 

Laminated Tooling by Multiple Laser Processing

Steffen Nowotny, Thomas Himmer, Anja Techel and Eckhard Beyer*
Fraunhofer-Institute for Materials and Beam Technology (IWS)

*University of Technology
Winterberg Strasse 28     Dresden  01277      Germany

T: +49 351 2583 324 F: +49 351 2583 310 E: steffen.nowotny@iws.fhg.de

Figure 1. 
Example of part of a laminated die

Figure 2.  3D CAD design of
a punch:

(a) Usual CAD design data
for the tool, as read into the
CAD system.

(b) 3D CAD modifications. In
the MELATO approach the
contour geometry is sepa-
rated for separate manufac-
ture as a tool insert.

(c) Sliced tool insert

a

b

c
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The tool insert is sliced into a series of cross sections as shown in
figure 2c. The software allows choice of slice direction and layer
thickness. The choice of layer thickness is determined from con-
sideration of metal sheet tolerances or shrinkage of adhesives. 

After slicing, the single cross sections are arranged on a metal
sheet using CAM software. Improvements in this software for
MELATO purposes included: 

• The size of the panel and the distance of the sections to each
other can be set; 

• offset functions for laser cutting are included; 

• layers are marked/numbered;

• special tools are included to avoid distortions that may arise
during (laser) welding. 

Adaptive slicing
For the manufacturing of the die represented in figure 3a, several
improvements were made. One of these is adaptive slicing. 

As illustrated in figure 3a, the entire tool (or sub component) can
be divided into individual modules according to its surface topol-
ogy. The topology determines the most favourable slice-direction,
as illustrated in Figure 3b. 

The metal sheets can be connected by screws or by so-called cast-
ing anchors. The anchors have a conic shape to prevents delami-
nation occurring. Alloys of low melting point and casting resins
are potential materials for construction of the anchors, to simpli-
fy future separation of the lamellae. 

There are many advantages in adopting this modular approach to
LOM, including:

• The effort required to finish the assembled part is minimised,
or completely avoided, if combined with 3D laser cutting or
5 axis milling to profile-edge the lamellae during cutting; 

• The processing conditions for a possible milling rework are
improved, particularly for a rework of the lamellae;

• The build-up of the tools can take place in stages. In this way

the surfaces of selected tool sections can be milled sequently
in order to eliminate the staircase structure and/or to increase
the accuracy.the surfaces. A short cantilever length can be
added to reduce tool vibration; 

• Rough machining is avoided by the appropriate choice of the
direction of the adapted slicing and the contour can be direct-
ly finished by high speed cutting;

• The use of screws or remeltable anchors elements (low melt-
ing alloys) allows the components to be completely or par-
tially detached and reassembled. If the sheets are bolted or
connected with cold or low melting point casting materials,
the stress and distortion incurred by heating of the part is
avoided; 

• Geometrical changes in the product development process can
be quickly realised by the replacement of the appropriate lay-
ers, rather than having to manufacture a new tool. 

Build-up process 
Laser cutting
Following CAD-CAM design, the lamellae are produced by high
speed laser cutting. To ensure high accuracy in the slicing direc-
tion, the cut must be free of burs. 

Joining
The joining method is the key technology for MELATO. Several
methods of bonding are appropriate, the choice being determined
by the intended use of the tool. Table 1 summarises the techniques
available. 

Injection moulding and pressure die casting require strong bond-
ing of the entire surface of the cross section , since the mechani-
cal and thermal loads during injection are very high.
Consequently, as shown in Table 1, diffusion welding is the only
one of the appropriate joining technologies that is applicable. 

Figure 4 shows a die connected by screws and casting anchors.
In addition, the gaps between inner and outer module have been
filled with a low melting
point alloy. If this alloy
expands during the
solidification, the con-
nection will be much
stronger. On the other
hand, any shrinkage of
the anchor casting mate-
rial will pull the layers
together. 

Figure 3.  Preparations for
manufacturing of the die.

(a) Modular design of the
die. The tool  can be divid-
ed into individual modules
according to its surface
topology.  

(b) The topology determines
the most favourable slice-
direction. Here the die is
sliced in 2 directions 

a

b

Table 1: Joining methods

technology application range

laser welding metal sheet forming tools, core boxes

diffusion injection molding tools, pressure die casting 
welding tools

bonding by metal sheet forming tools
adhesives

screws, metal sheet forming tools, core boxes
anchors

Figure 4. A die joined using
cast anchors and screws

Issue 32, September 2003
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Adhesive bonding is a possibility for some applications.
However, the thickness of the glue layer must be compensated for
in the design and all sheets must be carefully cleaned to ensure a
high strength joint. Moreover, post-treatment (e.g. hardening or
tool repair by laser cladding) is not possible.

According to the MELATO manufacturing concept Figure 5
shows the laminated inserts assembled and clamped in the tool
frame by a pressure plate and threaded bolts. In addition, the
lamellae were adhesively bonded. 

Post process 
Laser Build-up welding
For the reinforcement of heav-
ily loaded sections, such as the
draw edges of forming tools,
laser build-up welding is
applied. The same technique is
also considered for joining the
lamellae. First experimental
results are promising, as illus-
trated in Figure 6. 

Build-up welding was incor-
porated into the manufactur-
ing process by integrating a 3
kW Nd:YAG laser into the
milling centre. The focusing optic, combined with the coaxial
cladding unit, was mounted at the Z-axis of the machine as illus-
trated in Figure 7. Minimum nozzle size and variable nozzle tips
are key features of the design, thereby facilitating better adapta-
tion to the given application and easier maintenance. In respect to
5-axis applications and free form surfaces, the reduced size means
better access to narrow sections.

A powder focus diameter of between 1 and 2mm was chosen,
depending on powder type and feed rate. The powder efficiency
amounts to at least 60% providing the melt bath diameter exceeds
1.5 mm. Powder feed rates up to 50 g/min were possible with Ni-
based alloys. The nozzle has been designed with a minimum focal
length of 70mm, which is especially interesting for diode laser
cladding applications. 

3D structures of Ni and Co base alloys as well as steel can be pro-
duced with this equipment. Using a sealed inert gas chamber,
building with Ti, Al, and Cu alloys are also possible. The gener-
ated structures are dense and flawless, even without intermediate
machining. The accuracy depends on the powder and the process
parameters and typically lies in the range 0.3 to 0.6 mm. 

Geometrical modifications and tool repair
Common laser techniques of repair include several process steps:
import of 3D data or digitising the damaged area; data processing;
CNC programming; material build-up; finish machining. Usually,
the manufacturing stages are carried out sequentially on different
machines, resulting in much time lost in transport, workpiece
adjustment and CNC programming. Especially for the remanu-
facturing of parts, the economics of the process is affected by the
time and costs of programming and adjustment, which can often
exceed the effort of the actual material replacement. This has
often resulted in lasers being ruled out for some potential appli-
cations in this field. 

To reduce the time and costs of programming and adjustment, the
integrated CNC milling centre shown in Figure 7 was developed.
The laser, machine tool and additional components are software-
linked so that the whole machining process takes place sequential-
ly on the one machine and with one clamping of the workpiece. The
current milling centre is 3 axis; the installation of a 5-axis CNC
machining centre is currently underway. 

Summary
An investigation on laminated tooling has shown that this tech-
nology has a high potential for time and cost reduction in product
development. With an efficient process chain, laminated tools can
be fabricated and modified in a time and cost effective manner.
The savings will grow with the part size. Although the manufac-
tured tool has the size of 430 mm x 430 mm, the results obtained
can be applied for large tools as well. Current investigation are
focused on the bonding technology, accuracy, the introduction of
new materials and improvements in manufacturing time and cost. 

Acknowledgment
Parts of the research presented here are funded by the German
Federal Ministry of Education and Research (BMBF) within the
framework concept "research for the production of tomorrow". 
This article is based on a paper given at ICALEO (Scottsdale 14-17 Oct 2002) and
is published with the kind permission of the Laser Institute of America.

Figure 5. Die manufactured
according to the MELATO
manufacturing concept, with
lamellae assembled and
clamped in the tool frame by
a pressure plate and thread-
ed bolts.

(a) Assembled die system.

(b) Assembled punch

a

b

Figure 6 Reinforcement by laser
build-up welding

Figure 7. Laser integrated CNC milling centre, showing (l to r) cutter,
cladding head and plasma welding head

see ‘Observations’ on p41
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The characterisation of industrial laser beams is soon to
become a necessary step as manufacturing industries
around the world improve the quality assurance of

production processes. It is well known that variations in beam
diameter, position and mode  structure have effects on the
performance of any laser process. Typical industrial beam
diagnostics are based generally on beam burn techniques, or
on multiple scanning analysers (of the type supplied by, for
example, Prometec or Primes Gmbh). We would argue that
few can afford a camera-based analysis tool for CO2 laser
radiation, such as that provided by Spiricon Inc, and even
these devices suffer from the necessity of having to have per-
manent beam splitters in the beam path and to change atten-
uators as the laser power is adjusted.

The device used in the series of tests reported here is a UM110-
50 (v2.0) analyser, from Advanced Laser Solutions Ltd*. The
device provides information on beam centroid position, diameter
and intensity distribution in two orthogonal axis (beam mode),
sampling at rates up to a maximum of 26Hz. Update rates are lim-
ited by the interface; for an RS232 interface the rate is 4Hz. The
system differs from other units in that it is designed to be used on-
line in an industrial environment, and provide real-time high-
speed information in a format capable of assisting in the smooth
operation of a laser processing system.  Figure.1 shows a UM110-
50 mounted on the processing head of a 5-axis Trumpf system
with figure.2 showing the various screen displays of the
Windows™ operating system.

In this paper we examine beam parameters of lasers on-line (in a
state suitable for processing) and examine the affects of real vari-
ations, namely warm-up and airborne contamination on the beam
propagation parameters. 

Nd:YAG laser analysis
The UM110-50/D analyser is capable of measuring both CO2 and
YAG beams from Watts to kW without any adjustments to the sys-
tem.  A relatively low power BMI Industries system, with a mod-
ified diode pumped cavity (CEO Inc) was analysed to determine
the stability of the newly configured Nd:YAG system. This laser
was selected as it contained an inter-cavity shutter, and as such ran
“warm” when the system was processing. The beam was propa-
gated in free space, and measured at a distance of 0.65m.

Looking first at the long-term
stability of the system, fig.3a and
fig.3b, it can be seen that the
beam exhibits small-scale varia-
tion in position and diameter over
long timescales. The cavity in
this case had a modified res-
onator configuration; this would
account for thermal lensing of the
Nd:YAG rod and it is likely that
the design was not optimised for
high levels of overall long-term
thermal stability. More interest-
ing are the results over a short
period when the shutter is
opened, fig.3c and 3d,  in which the beam can be seen to move
~180mm over the first 70 seconds; implying that standard align-
ment techniques using burn, IR viewers etc. will be inaccurate if
the system is to be used for long periods of time. This effect can
be a significant for some micro processing applications that take
place over a long period of time and require a high degree of
alignment accuracy. One example of this is micro drilling of small
holes using a microscope objective lens, where this level of move-
ment is unacceptable and can be a significant cause of process
performance changes.

An additional advantage of the UM10’s high-speed sampling
capability is the capability to monitor mode fluctuations of the
laser and be able to store the information for later analysis. A com-

On-line measurement of critical laser beam properties
Martin Sparkes and Bill O’Neill

Institute of Manufacturing 
Department of Engineering   University of Cambridge   Cambridge   CB2 1RX   UK

T: +44 1223 766882    F: +44 01223 338076    E: wo207@eng.cam.ac.uk

* Advanced Laser Solutions Ltd (15 Telegraph Street, Cottenham,
Cambridge CB4 8QU). The UM110-50 (v2.0) analyser is a diagnostic
device based on the principles originally presented by G.C. Lim and W.
M. Steen Instrument for the in situ analysis of the mode structure of a
high power laser beam (J. Phys., E. Sci. Instruments, 17, 1984.) but
adapted to operate in an industrial environment (M. Sparkes, W.
O’Neill and G. Gabzdyl In Process Laser Beam Diagnostics
(Applications of Lasers In Electro-Optics, Arizona, Proc ICALEO Vol.
94, 2002) and M.R. Sparkes., W. O’Neill Method and apparatus for
monitoring light beams (International Patent Application No:
PCT/GB2003/000330, 2003)).

Figure.1  UM110-50 mounted on a
Trumpf 5 axis system, 
(Photo courtesy of the National
Laser Centre, Pretoria, South Africa).

Figure.2 Screen displays during CO2

laser monitoring. on the processing
head of a 5-axis Trumpf system
(right) Profile view – with optional
information displayed, (Below l to r)
Target; Zoomed target; Graph data
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parison of fig.4a and 4b reveals the mode structure is more irreg-
ular when the inter cavity shutter is initially opened to what it is
only a short time later. Mode fluctuation and non-uniformity can
be an issue with some processing, an example being laser cutting
in which a lack of axial symmetry results in differing roughness,
kerf width, and maximum speed.

CO2 beam analysis
Initial trials were undertaken using a Rofin DC010 1kW C02 slab
laser to address three problem areas:

• Power fluctuations associated with this RF laser operating in a
quasi CW mode and how they affect analysis.

• Beam stability issues with an inherently stable laser.

• The affect of contaminants in the air.

The experimental arrangement involved propagating the laser
beam a distance 4.15m directly from the laser into the beam

analyser and then a beam dump. A simple flight tube (75mm
diameter 1.2 m long) surrounded the beam from the point 0.3 m
from the laser, and a tapping added half way down its length to
allow the addition of gaseous contaminants.

High speed power fluctuations
A power meter with a short time constant immediately revealed
that the slab laser suffered large, regular, power fluctuations. Yet
if the beam were to be analysed using the traditional Perspex
burn technique, these fluctuations would be averaged out and
would not be apparent; neither would the fluctuations in mode
structure, giving the misleading appearance of a highly stable
beam. 

Power and mode fluctuations can easily be seen by looking at a
sample of the laser beam taken by a Prometec UFF100 analyser,
fig.5a and b, which took around 5 seconds and 4 minutes to gen-
erate, respectively. Looking at the 2 cross sections it can be seen
that the Y-section is made up of one slice of the beam and shows
the power fluctuations in the beam (around 20kHz), the X-sec-
tion being constructed from parts of successive slices; a charac-
teristic of this type of device i.e. the X and Y profiles are not
sampled at the same time, causing limitations to sampling  rates
and acquisition speed. A more representative profile of the
beam, shown in fig. 5c, required 50 averages and took under 0.5
seconds to acquire. The results from the two beam analysers
show a high degree of correlation for both mode structure and
diameter.

Pointing stability
The positional stability of a beam can have a significant effect
on process performance. Measurements such as that shown in
fig 5c provided well-resolved position co-ordinates and were
used to examine stability over the warm-up time for the laser. It
should be noted that the laser under test had power fluctuations
in the order of 10%, well outside of manufacturers specification,
and a questionable output coupler, which may account for the
observed fluctuations in beam diameter. 

Major beam position fluctuations were found to reduce over the
first approximately ten minutes of laser operation, after which
time the variations were typically within ±0.5 mm (at 4.15m),
which represents a pointing stability of <0.12mrad, which lies
within manufactures specification of <0.15mrad.

Figure 3 (a) Beam position stability over 2 hours, average of 64 samples;
(b) Beam diameter stability over 2 hours, average of 64 samples; (c)
Beam position variation, average of 4 samples; (d) Beam position varia-
tion, average of 64 samples..

a)

c d

b

Figure 4. (upper) Beam profile measurements when laser is cold, 4 aver-
aged, approx 300ms time separation; (lower) Beam profile measure-
ments after 1 minute, 4 averaged, approx 300ms time separation.

Figure 5 (above) Beam analysis with a
Prometec UFF100 analyser: (a) single raw
beam sample taken in 5 secs and (b) 50
averages. taken in 4 minutes.
(right) (c) Beam profile analysis using the
Advanced Laser Solutions’ UM110, 50 aver-
ages taken in less than 0.5 secs.

a

a

b

b

c
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Beam path contamination
Most laser materials processes generate vapours as a by-product
that contaminates the air. Such laser -generated contaminants, as
well as contaminants from external sources in the vicinity and
shield gases, can give rise to refractive effects on the propagation
of laser. For this reason in particular, flight tubes should be
purged. (See The importance of purging CO2 laser beamlines 
G Parkins, Issue 14, 17, Nov 99)

Contaminants considered in this study consisted of:

CO2 Known to have dramatic effects on the propagation
of the CO2 laser, but since it is a by-product of many
processes, and indeed used as a coolant in some, it
was included for analysis.

Helium Used as a shield gas, also since it dissipates quickly
it provided a useful demonstration of the system 
performance.

Paint fumes Hydrocarbons of this sort are commonplace in an
industrial environment

Frequently generated during the testing of laser
beams, the resulting vapour known to vastly affect
beam propagation.

Steam Added using a kettle at the end of the flight tube, as
an extreme substitute for moisture effects.

Oil vapour Oil vapour from the exhaust of a vacuum pump.

Carbon dioxide
The addition of CO2 gas to the beam path severely affects beam
quality. A small flow, <1 l/min, was added to the flight tube and
within seconds the beam was completely destroyed, a sequence in
time being shown in figure 6. Surprisingly, it took over 5 minutes
for the CO2 to dissipated out of the short open-ended flight tube.

Helium
Addition of helium to the system, in similar small quantities to
that of CO2 gas had a completely different effect on the beam
propagation. Figure 7 shows the effect on the beam diameter and
position of the raw beam. The beam mode was distorted and its
diameter increased, but unlike the CO2 case, the greatest effect
was the change in the position of the beam and recovery was fast
(~30 s). The first sample being just before the Helium added, and
the rest at ª300ms intervals.

Paint Fumes
An open can of volatile paint had minor effects on the beam para-
meters. Beam profile and position showed only minor fluctuation.
As shown in figure 8, beam diameter was, however, slightly
enlarged,  where the can was opened after around 20 seconds, and
closed after around 100.  The results presented here can be seen
to have ±100mm of noise as a result of the very low number of
averages used to take the high speed data.

Perspex
Perspex (PMMA) vapour was found to have highly destructive
effects on the beam profile, causing massive blooming, although
positional variations were minimal. As with CO2, it took several
minutes to clear the flight tube.

Steam and Oil.
Results with both steam and oil fumes had surprisingly little effect
on the propagation, only increasing the noise factor on the analysis. 

Conclusions
The results of a new on-line laser beam analyser for the simulta-
neous measurement of beam diameter, beam centroid and beam
intensity distribution in two orthogonal planes have been present-
ed. A low power (100W) intra-cavity shuttered diode pumped
Nd:YAG laser showed large initial beam drift for the first 70s,
suggesting that beam parameters significantly influencing process
performance should be monitored during operations.
Measurements on a CO2 laser beam revealed high frequency
modulation (~20kHz) that would not be displayed with Perspex
mode burns. The effect of fume contamination of flight tubes on
CO2 laser beam propagation was measured for various potential
contaminants. CO2, He and PMMA fumes were observed to have
strong detrimental affect on beam propagation with CO2 gas
effects being particularly long lived. Results from this study show
that it is beneficial and now practical  to permanently monitor the
propagation characteristics of industrial laser beams that signifi-
cantly enhance laser processing performance.

Perspex 
vapour

Figure 6. Samples of the beam mode fluctuation sequence  as < 1 l/min
of CO2 gas is added to the flight tube. Each frame is averaged over 4
samples and the total sequence lasted 3.5 sec

Figure 7. Samples of the beam mode fluctua-
tion sequence as Helium gas is added to the
flight tube and (right) display of position and
diameter variation. The gas was added 10 sec-
onds after the start of the sequence and turned
off after 25 seconds. The final frames show a
return to the original beam stability. Each frame
is an average of 4 readings. see ‘Observations’ on p41
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The CO2 laser

Chris Williams
This is a well written article that clearly explains the fundamental
operating principals of the various CO2 technologies. However, the
"Slab" description might give the reader the impression that slab
technology to the lower powers of a few years ago and does not
acknowledge the current availability of units up to 5 kW.

David Tinker Rofin - Baasel
D.Tinker@rofin-baasel.co.uk
_____________________________

State of the Art in Industrial Laser Cutting

Jack Gabzdyl
A “Which?™ Report” comparison of processes and machines is
the most natural thing in the world for a potential user to seek.
Sadly, it is immensely difficult to achieve meaningful results so it
is impressive that the LCWG of IIW and Flemming Olsen had the
stamina to make this attempt, given that each has conducted such
surveys before. The result probably illustrates the difficulties
more than it provides enlightenment to users or potential users.

Having made a good faith effort, as a system supplier, to provide
constructive responses to earlier surveys, I am also impressed that
as many as four suppliers chose to furnish data.

The two killer aspects, for the supplier, are material and gas com-
position, and process quality. Composition can be dealt with by
providing test material with the questionnaire, as David Belforte
did in the first of these exercises that I remember, probably a cou-
ple of decades ago. Process quality is a much more difficult issue,
dependant as it is on the user and the application of the part to be
produced. In cutting, users will be interested in some combination
of cut width, taper, corner rounding, dross, spatter, heat affected
zone thickness, HAZ hardness, surface roughness, and (not least)
cosmetic appearance. Which compromise between these inspec-
tion issues the user chooses can have a major affect on cut speed
and gas consumption, and therefore on throughput and cost.
Then there comes the issue of which point in the process window
you choose to quote; do you specify the absolute maximum speed
at which the required quality can be achieved? If so, there is a
serious risk of disappointing users in the real world of dirt,
humidity, material composition variation and robots that do not
always maintain the programmed speed.  If you quote a realistic
value, say 80% of the absolute maximum, you run the risk of
appearing uncompetitive.

Against this background, the article’s claim of reassuring consis-
tency may be justified.

Whilst realising that this is a brief summary of an extensive set of
results, I would be most interested to see a detailed comparison
with earlier surveys by IIW and by Professor Olsen.  It would be
good too the read a discussion of the observations given here in
the context of today’s understanding of the physics of the gas-
assisted laser cutting process; another article perhaps Jack? 

Tim Weedon
timweedon@clara.co.uk

Supply and use of gases in laser materials processing

Stephen Ainsworth
This is an interesting and useful article giving an overview of
process gas applications in laser materials processing. Stephen
Ainsworth has provided a practical treatment of the subject and
includes details of the procedures and equipment necessary to
achieve a safe and efficient gas installation. 

Although the discussion of Nitrogen Generators did not extend to
modern pressure swing adsorption (PSA) techniques, it is worth
noting that this type of generator is now finding favour with many
users of laser cutting equipment. Used as an assist gas for cutting
stainless steel, aluminium, and nickel alloys, Nitrogen from PSA
generators can achieve Oxygen removal to 50ppm with flows up to
500 Nm3/hr. Experience has shown that Oxygen presence higher
than this can lead to some appreciable degree of oxidation at the cut
edge with the resulting unattractive finish and the requirement for
rework. In addition, when selecting a Nitrogen source, it is sensible
to consider not just potential cost savings but also the health and
safety aspects of moving cylinders packs around the facility.

Graham Kerr Products of Technology Ltd 
grahamkerr@gasgen.co.uk

With the development of more efficient and lower cost nitrogen
gas generation equipment, significant savings are now feasible
with systems economically cutting up to 10mm stainless steel and
above. Pay-back within 24 months is not uncommon and after
this period assist and beam guide-way gas costs can be reduced
by up to 75% when compared with traditional cylinder supplies.

Phil Green domnick hunter
Phil.Green@domnickhunter.com

I have two points of concern with this otherwise interesting and
useful article. The first is that I feel that the costing example is not
realistic. Gas costs will vary significantly depending on: mode of
supply; geographical location; volume of usage of laser gases,
and process gases (which will influence the mode of supply, i.e.
cylinders, cylinder packs, or bulk liquid) and volume of usage of
other gases (for other activities).  

My second point concerns the use of nitrogen generators in the
context of industrial laser use. As a gas company Air Products
have the capability of supplying product, e.g. nitrogen, in gaseous
or liquid form, both within cylinders and tanks, or from genera-
tors on the customer's site (PSA or Membrane generators, Air
Separation and Distillation). From this we understand the eco-
nomics of the various modes of supply and would advise that the
volumes of gas consumed by even multiples of the biggest gas-
guzzling machines are very  low  in relation to the flow capabili-
ty of PSA systems and would find it very difficult to justify not
only the capital expenditure but mainly the electrical running
costs (the running cost remains the same through the flow range)
and maintenance costs of such systems. 

Aaron Williams -   Air Products Plc 
williaa5 @apci.com

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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It is refreshing to see an article on gas supply written by some-
one out side the gas industry giving a balanced approach to the
subject matter. Although the article specifically focuses on assist
or process gases I believe it is worth mentioning the importance
of the lasing gases. These are of higher quality and cost, but
used in much lower volumes. In fact continuous improvements
by the laser manufacturers have over the years reduced the con-
sumption of lasing gases quite significantly. However, this has
meant that even more attention should be paid to the delivery of
these gases to the laser. The equipment should be appropriate to
the high purity nature of these gases and any flexible pipelines
should be kept to a minimum. I would also like to highlight a
difference between typical laser installations in the USA and the
UK. In the US a high proportion of installations have automatic
changeover manifolds on the helium and nitrogen lasing gas
supplies to the laser, while in the UK the use of this type of
equipment is very rare. The benefits are clear, as laser shut
downs due to gas outage (which invariably take 15minutes to
turn around) are effectively eliminated, resulting in increased
laser uptime and hence productivity.

Jack Gabzdyl     BOC
Jack.Gabzdyl@boc.com

_____________________________

Laminated Tooling by Multiple Laser Processing

Steffen Nowotny et. al.
It is often the case that some disruptive technologies can take
years to be applied in an industrial setting and in some cases
they are never applied.  Metal LOM is one example of a disrup-
tive technology that has taken years to get to the factory floor.
Having been involved during the late 1990's in the UK based
large scale metal LOM consortium with Warwick, Leeds and
Liverpool universities in addition to BAe, Rover, Airbus,
Westlands and Shorts, the principles of cutting, welding, braz-
ing, machining, cladding, and forming were applied to large
scale aerospace and automotive tools for  Ti-SPFDB,
Composites, Injection Moulding and Blow moulding. 

Although all of the principles of net-shape production cited in
this paper were applied in that project, there remained the prob-
lem of distortions and de-laminations caused by thermal cycling
as the tool aged. It is certainly cheaper to run LOM tools on a

larger scale, although problems of tool stability were found to
limit the direct application of the process in industry. LOM tools
have been applied by Prof Phil Dickens and his team in con-
junction with Ford Motor Company for the production of large
foam-based door inserts. This tooling route had low tolerances
and proved to be an ideal candidate for large scale LOM tooling.
I hope that the advances in tool design and operation lead to bet-
ter performance levels in tool operation and stability.

Bill O’Neill     University of Cambridge
wo207@eng.cam.ac.uk

_____________________________
On-line measurement of laser beam properties

Martin Sparkes and Bill O’Neill
We read with interest the article by Sparkes and O'Neill and
wholeheartedly agree with his opening statements on the
increasing need for characterization of industrial laser beams, as
we have also been strong advocates. However, in his comments
about Spiricon Inc. products he is unfortunately unaware of
recently introduced camera based products at a much lower cost.
In addition, Spiricon is introducing multiple products, for both
CO2 and Nd:YAG lasers, that are very simple to use, including
internal adjustments for beam power. We welcome articles like
his that raise the awareness of need for beam diagnosis on indus-
trial lasers.

Larry Green Spiricon Inc
larry@spiricon.com

Prometec have had an industrially applied and proven system for
on-line monitoring of laser parameters for the last two years. The
LASERSCOPE UFC60 acquires not only the parameters dis-
cussed in the paper (position, radius and profile) but laser power
as well. Besides measuring and recording these parameters the
UFC60 also monitors and reports any degeneration to the
machine controls. The unit measures and monitors at 50 Hz and
refreshes the data to the display and operating Software at 10 Hz.
The system is being developed further to offer a range of beam
apertures from 28mm up to 100mm. 

Sajjad Qureshi Prometec GmbH
qureshi@prometec.com
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Meetings
October
3 New Trends in Laser Cleaning III (3-4)

Creta Maris hotel
Heraklion, Greece
Contact: lasercleaning3@iesl.forth.gr 
(NB: The 7th International Conference on Laser Ablation
(COLA’03) is organized at the same site, starting immedi-
ately after the workshop.

8 Photonics & optoelectronics manufacturing
Stoneleigh Park, Coventry
Details at: http://www.photonex.org

8 Photonex Europe 03 (8-9)
Stoneleigh Park, Coventry
Details at: http://www.photonex.org

13 ICALEO 2003 (13-16)
International conference on laser materials processing
Jacksonville, Florida, USA
Contact:  AILU 
Details at: http://www.icaleo.org
(See advert on p 31)

22 AILU Job Shop Group
JS03: afternoon business meeting
The White Hart at Lenton 
Nottingham
Contact: AILU

November
4 AILU Technology Workshop

Industrial Lasers and Beam Delivery:
Commercial Developments and Industrial
Opportunities
UMIST
Manchester
Contact: AILU (flyers not yet issued)

February 2003
18 AILU Technology Workshop

Laser processing of plastics
TWI
Cambridge
Contact: AILU (flyers not yet issued)

Photonex 03
Photonex, which has shown continual expansion since it began
12 years ago, is returning to its traditional venue at Stoneleigh
Park in Warwickshire. Photonex 03 will be the main dedicated
optics and photonics exhibition in the UK this year, comprising a
major exhibition and associated technical focus and networking
activities. 

Photonics & optoelectronics manufacturing
This comprises contributed meetings; four IoP Optical Group
meetings, a SIRA workshop, Photonics Cluster (UK) arranged
workshops and a UK Industrial Vision Association organised
meeting. 

For all details, see http://www.photonex.org

JS 03: afternoon business meeting
The venue, The White Hart at Lenton in Nottingham, is the first
(official) AILU event to be held in a public house!

We have our own room, the aptly-named Debtors Bar, booked for
a buffet lunch from noon until 1:30. The afternoon starts with
what promises to be a lively presentation ‘Dealing with the pur-
chasing department’ in which Ron Ayliffe of the Chartered
Institute of Purchasing and Supply will address the gripes that
many job shop members have expressed at previous meetings.
There will be news of DTI assistance, a presentation on another
contentious topic, Lean Manufacturing, and a number of other
presentations finishing with ‘The Laser Marketplace’, in which a
number of suppliers to the job shop community will give their
views on its current state of health. 

Industrial Lasers and Beam Delivery
The last AILU meeting of 2003 is jam-packed with presentations
designed to challenge conventional thinking about industrial per-
formance and applications capability, pointing the way to new
opportunities for manufacturing industry. The emphasis is on the
application opportunities that new commercial sources and beam
delivery have to offer. 

Diode, femtosecond lasers, fibre, slab CO2 lasers; disk, planar
waveguide and short pulse diode-pumped solid state lasers are all
addressed, plus the David Greening Memorial Lecture given this
year by Steve Hastings of Raylase.

Also included in the 1 day event is a lunchtime exhibition and a
tour of the laser processing laboratory at UMIST.

ISO9001:2000 Transition Deadline
Despite the slow transfer rate of organisations to the revised stan-
dard, the original deadline date for transition will remain as 15th
December 2003. The International Accreditation Forum (IAF)
have confirmed that the deadline will not change and ended spec-
ulation that the accredited  agencies might extend the cutoff date.

The latest transition figures are not available, but an ISO survey
carried out last year showed that only 16% of organisations had
transferred to the revised standard. If you still haven‚t transferred,
then time is running out. For information and advice please con-
tact your accreditation body.

LAST BUT NOT LEAST
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