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Truly a global event, this April’s workshop on tailored
blank welding drew speakers and delegates from
Europe, N. America and Japan. In fact, more than 60

people participated in the day’s activities which were split
between the Moat House Hotel in West Bromwich and Laser
Welded Blanks Ltd, whose facilities are close by.

In the year 2000, more that 100 million blanks were welded
worldwide, with 50 to 55 million being used in Europe and in
excess of 30 million used in N.America. This figure is increasing
rapidly in all regions. As many cars currently have only two tai-
lored blanks per vehicle and the high usage cars have over 20, it
shows scope for significant growth before the market saturates.

The theme of the opening presentations was ‘A Global
Perspective …of the Markets’ and we were fortunate to have
speakers from the three main geographical regions: Philippe
Antoine from Usinor Automotive Division in France to give the
European perspective, Rick Holmes from Shiloh Industries to
give the N. American perspective and Masakazu Tsuji from
Hanwa to give an overview of the Japanese market.

The way in which tailored blank welding has evolved is quite dif-
ferent in each  case, both in terms of the applications and in terms
of who physically welds the blanks, whether it be the steel com-
panies (as is common in Europe), the tier 1 and 2 suppliers (as
common in N. America) or the automotive end-users themselves
(as common in Japan). So it was interesting to see how these dif-
ferences can affect the way in which the tailored blank suppliers
must run their business, their choice of technology, and any par-
ticular opportunities or challenges which they present.

Whilst N. America has traditionally focused on larger blanks (for
door inners, lift gates, body sides) and Europe has concentrated

mainly on rails, both Philippe Antoine and Rick Holmes agreed
that, as the fundamental design of a vehicle is the same on both
sides of the Atlantic, we can expect the current European applica-
tions to be applied in N. America and vice-versa. 

It was interesting to see from Tsuji-san’s presentation that in
Japan, where a wide range of small and large parts are typically
welded ‘in-house’ at the automotive company, using their own
equipment designs, there seems to be a shift towards contracting
out at least some parts to tier 1 suppliers. 

Laser welded blanks attracts international audience
Impressions of AILU’s first workshop on Laser Welded Blanks by its Chair, Trudy Auty.

Speakers at the LWB Workshop
(l to r) Steve Ainsworth (S.J.Ainsworth Consultancy), Trudy Auty (VIL
and Chair), Philippe Antoine (Usinor, France), Richard Holmes (Shiloh
Industries, USA), David Williams (Laser Welded Blanks Ltd), Tim Holt
(Rofin-Baasel), Masakazu Tsuji (Hanwa, Japan), Wayne M. Penn
(Alabama Laser Systems, USA), Bob Lewinski (VIL, USA). Missing from
the line-up is Berthold Kessler (Precitec , Germany)

Two AILU honours on offer
continued on p 3

The AILU Award
An AILU award is presented each year to recognise ‘an individ-
ual who has made an outstanding contribution to the industrial
use of lasers in the UK’ and the scope of eligible nominations is
broad. Of the four winners to date, two are inventors, one a laser
equipment manufacture and the fourth is a successful laser job
shop owner. 

The AILU committee is now inviting nominations from members
for the 2001 award, which will be presented at the members’
meeting on 19 September 2001 at Rutherford Appleton
Laboratory near Oxford.

To make a nomination, simply fax or e-mail the AILU office with
the name and a sentence or two pointing out what to you is their
‘outstanding contribution’. Nominations are carried forward, so
there is no need to re-submit a name from a previous year.
Nominations must reach the AILU office by 31 July 2000.

Young Laser Engineer’s Prize
The AILU committee recently agreed to offer a Young Laser
Engineer’s Prize to an individual for a significant piece of work,
conducted in the UK, which has led to ‘real or potential econom-
ic gain for the parent organisation and wider benefit for the indus-
trial laser user community’. 

Applicants must be under 30 years of age at the time of the appli-
cation. The winner will be chosen on the basis of the economic
gain and the wider benefits of the work and not on its academic
excellence per se. Submissions of a practical nature are particu-
larly encouraged.

The first of these prizes will be awarded at the AGM in April
2002. It will comprise a trophy plus a cash prize of not less than
£250. The deadline for submissions is 15 January 2002, and 
anyone interested in applying should contact the AILU office for
further details.
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Concerns over laser safety
I read with great interest the article about training in issue 22, par-
ticularly the contribution of Grantham Fabrications, about the laser
incident, the HSE and laser safety officers.

I find the requirement to appoint a laser safety officer one of the
most difficult issues to address in laser safety. In particular, a small
company will have difficulty identifying a suitable person (with the
time, the ‘intelligence’ and the commitment to stay with the com-
pany) and releasing them for a week out, costing the company sev-
eral thousand pounds, for a course on laser safety covering of all
types of lasers when they only need to know about one or two. 

The training demands of LSO courses can also be very technical (if
Brooke Ward has ‘difficulty’ understanding the new laser safety
standard, as he said in Issue 22, then what chance do the rest of us
have!). I have met an employee of a company who was sent on a
one week laser safety officer course and walked out on the second
day after finding it ‘totally incomprehensible’. Apart from anything
else, this image of laser safety puts laser technology at a decided
disadvantage compared to competing technology such as plasma or
water jet.

In summary, I fail to understand why, if I buy a class 1 laser (cut-
ting) system, I should need to go through all this on the basis that
perhaps once or twice a year a service engineer may come to ser-
vice the laser. Isn't class 1 supposed to be ‘safe’? 

A potential solution is to make available a ‘laser safety certificate’.
to a named person who attended a half or one day course for a cou-
ple of hundred quid, and would certify that the said person satisfies
the requirements for laser safety for a given type and class of laser
for a given laser application (e.g. a CO2 laser cutting systems with
a diode pointing laser). On the short course
the essential safety concepts would be
applied to the specific generic system (e.g.
engineering controls, interlocks), together
with practical concepts such as checking the
guarding. Such a certificate would have to be
acceptable to the HSE and would imply that
a company meets its requirements without
formally appointing a laser safety officer. I
think such a system would perhaps have a
greater uptake, especially in smaller compa-
nies, and would increase overall safety lev-
els, which is what this is all about. 

Martin Sharp UK Laser Services
As a laser safety trainer myself, I strongly
support your view that a half to one day of
safety training covering the syllabus you
describe, is sufficient for users of most
Class 1 high power laser installations, par-
ticularly if the service work is subcontract-
ed to the supplier company. However, to
accomplish this the trainer must have the
necessary depth of knowledge and familiar-
ity with the equipment, its operation and
servicing procedures. A certificate of atten-
dance will always be issued and specific
verbal or written tests can be provided, to

support the claim that the person appointed as LSO has the nec-
essary competence.

Lasers in industry have an excellent safety record, yet as your let-
ter points out there is a serious misapprehension among many
users that laser use has onerous safety implications. The key points
are, firstly, that it is a matter for employers to assess the compe-
tence and training needs of persons appointed as LSOs and, sec-
ondly, that there is NO specific training LSO requirement. As you
imply, many people are misled by the apparently ‘official’one week
training course that is advertised. This is doubly unfortunate, since
the course also appear from your letter to be wholly inappropriate
and ineffective at meeting industrial training needs.

Ed.

Tailored blank welding
I would like to congratulate all who made the workshop in West
Bromwich on laser welded tailored blanks a memorable event.
The talks complemented one another and left the impression of
balance and high expertise. The masterly geographic analyses
were particularly useful. 

Laser Welded Blanks Ltd hosted an excellent tour that would have
been interesting under any circumstances; as a complement and
illustration of so much that had been discussed earlier in the day it
was most pertinent. The exhibition too was relevant and stimulating. 

My only regret is if any member missed a great day with broad
appeal because they thought it was for participants in the TWB
business only. 

Tim Weedon Consultant

Letters to the editor

The automotive industry remains a leading manufacturing sector
when it comes to the use of laser technology world-wide, though
sadly not in the UK. Nevertheless,  there is a clear bias towards
the automotive industry in this issue, in some of the technical
articles but in particular with the coverage of our recent tailored
blank welding workshop.

The tailored blank welding workshop was by far the most specialist workshop AILU has
put on. Trudy Auty, who chaired and largely organised the event, was confident that there
are so few opportunities to attend a one-day meeting on this technology with an interna-
tional line-up of speakers, that delegates would come from far and wide. And they did.
Over a third of the delegates made the journey from France, Germany and Spain, not to
mention the USA and Japan. Whilst it was good to see support from Honda, it was supris-
ing (and I have to say most disappointing) that despite our best efforts, we were not able to
attract a single attendee from Jaguar, Rover, Toyota or Nissan UK- even though in some
cases the venue was only 30 minutes from the company's factory.

It has been suggested that evening meetings and lunchtime exhibitions on factory sites may
be the only way to gain the attention of overworked engineers in hard-pressed UK manu-
facturing industry. Fair enough. But surely the opportunity to attend an international  work-
shop on a subject of such demonstrable importance to the future of the automotive indus-
try, should gain higher priority in this competitive world - a chance to not only listen to pre-
sentations but to bench mark global strategies and trends, and to mingle with key players
and innovators in this field. Is this apparent reluctance to ‘lift the head above the parapit’
a sign of a potentially dangerous short-termism in our nation's manufacturing industry - or
are there other reasons for this lack of enthusiasm that I am missing?

Note from the editor
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Rick Holmes pointed out in his talk that, whilst the
drive to reduce vehicle weight is ostensibly to
reduce fuel consumption, this environmental issue
also fights against the desire for the car manufac-
turer to include more comfort and leisure features
within the vehicle. In fact much of the weight sav-
ings to date have been offset by increased electron-
ic options, so the market is currently ‘running at
stand still’ and further reductions will be needed to
see a net effect on the environment.

Philippe Antoine also raised an important point
about the need for co-engineering and close com-
munications between equipment suppliers, blank
welders, automotive designers and the stamping
shops to ensure success.

Following the global views of the market, Steve Ainsworth of SJ
Ainsworth Consultancy addressed ‘Design For Manufacture’.
The review, aimed at the automotive product design engineers,
pointed out the benefits and cost savings which can be realised by
using tailored blanks in their vehicle designs and how it should be
considered as an enabling technology. He also spoke about some
interesting developments in the area of hybrid ‘Steel to
Aluminium’ tailored blanks as well as emerging applications such
as tailored blanks for hydroforming and for hydromech forming. 

We can say that, as Tim Holt’s presentation was given on his last
day with Rofin-Baasel, he left ‘with a bang not a whimper’ -
which is not a reflection on the audio visual equipment, but of the
interesting presentation on technical and commercial develop-
ments in the application of diode pumped Nd:YAG lasers to tai-
lored blank welding. Rofin have already supplied a significant
number of high power CO2 lasers into this field and it was excit-
ing  to see from video footage that they are starting to supply their
4kW diode-pumped Nd:YAGs into real industrial TWB applica-
tions. I am sure that we shall all be keen to see how the ‘track
record’ develops over the coming months and years

QA and traceability are ‘hot buttons’ in the tailored blank welding
industry and there is strong pressure from the stamping shops for
the tailored blank suppliers to  deliver ‘near defect-free’ blanks.
As a result, the blank welders are having to apply ever-increasing
levels of process monitoring and post-weld seam inspection. The
presentation by Berthold Kessler (Precitec) focused on some spe-
cific developments and trial work which he had conducted on
both CO2 and Nd:YAG laser welded blanks.

Our  final speaker of the morning, Wayne Penn from Alabama
Laser Systems, arrived ‘Just In Time’ to give his presentation,
having only touched down at the local airport an hour or so before
his slot. Once again, we were fortunate to have a speaker from
USA, although there was a moment when we wondered whether
he had realised it was Birmingham, England ….not
BirmingHAM, Alabama which would have been a little closer to
his home! In any case, despite having no sleep for 36 hours, he
gave a dynamic presentation on the use of lasers to cut the blanks
(Laser Blanking) prior to the welding process - focusing on the
speeds and edge conditions that could be achieved using a nitro-
gen-assisted process for both steel and Aluminium. A talk which
was, I believe, particularly well received by the attendees from
the UK laser job shops.

Visit to LWB
After a ‘networking lunch’ where people had the opportunity to
chat and to view the exhibits, we moved onto the afternoon’s agen-
da which was a tour of facilities at LWB Ltd’. David Williams,
plant manager, gave a short introduction on the ‘black country’
region (birthplace of the industrial revolution), their company his-
tory and the equipment that would be viewed during the afternoon. 

LWB has two laser blank welding lines: one from Polymatic (for
shorter weld seams and staggered welds) and their latest VIL line
(for high speed welding in medium to long linear weld seams)
which was installed at the end of last year. As these lines are in
different locations, the tour was made of  the second line only and
a little before 3pm we boarded the bus which took us to see the
line in operation.

The tour group was able to walk freely around the line and
observe the start of a production run of door inners being laser
welded at > 11.5m/min, in a cycle time of one part (two doors)
every 16 seconds. To the credit of the LWB team, who worked
hard behind the scenes, visitors may not have realised that mate-
rial only became available to the line some minutes before our bus
arrived, and so the group was able to witness how the line per-
formed only moments after a major campaign change-over.  

Experts from LWB, VIL and the major sub-suppliers of the line
were on hand to answer any specific questions. At 4pm the bus
returned to the hotel and delegates departed, able to reflect on
what they had learned from the 200 years of technical expertise -
which we estimated had been the cumulative experience of the
workshop presenters. We hope that maybe just a little of this
rubbed off and that those attending feel that they learned some-
thing of value, made some new friends and now have new ideas
which they can apply to their own business.

Final thoughts
Compared with other AILU workshops, the topic was fairly spe-
cialised, and this drew a significant number of overseas delegates
(around 40%). Obviously there could not be enough interest from
UK delegates alone to sustain such a meeting, but since the con-
ference was specialised, people in the industry were prepared to
travel quite long distances to participate, particularly if they could
also combine it with other business in the region. My question to
other AILU members is how they feel about the general concept
of mixing some of the more general workshops with specialised
ones which will tend to draw attendees from a wider geographi-
cal area? My own feeling is that it is good to have the mix.

Laser and blank welding station on the LWB line.

LWB Workshop (cont)
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Heriot-Watt, Strathclyde and St Andrews Universities have recently received funding
for an Engineering Doctorate Centre in Photonics Engineering. The Centre will pro-
vide 10 new start EngD studentships per annum. Each project requires an industrial
sponsor who will be closely involved; indeed, students are expected to spend 40 -
75% of their time working at the company over the 4 year duration of the degree.

The Engineering Doctorate (EngD) Scheme was established by EPSRC in 1992 with
the aim of delivering senior research managers of the future. Its emphasis is on
research in a business context, and it includes a significant taught course aspect, cov-
ering business and financial as well as technical topics, thereby providing much
broader training than a PhD. Typically 25% of the student’s time is spent on taught
coursework, the remainder on project work. 

Students receive an enhanced tax-free stipend of £9000 p.a. plus a minimum of £3000
p.a. from the industrial sponsor. In addition to the money paid to the student to sup-
plement the government stipend, the industrial sponsor must cover costs associated
with travel, accommodation etc, for students if they are working on more than one site,
plus a minimum of £1400 p.a. to the department. Companies can sponsor their own
employees to undertake an Engineering Doctorate. The costs involved in this arrange-
ment still have to be determined.

In the Photonics Engineering Centre, the coursework will be drawn from the Heriot-
Watt / St Andrews MTP in Photonics and Optoelectronic Devices, together with opti-
cal telecoms courses from Strathclyde, and business courses taken from the
Edinburgh Business School MBA.  

For more information, please contact Duncan Hand at Heriot-Watt.

Delegates at AILU’s Laser
Cutting workshop earlier in the
year will have seen the new
addition to the Micrometric
dinosaur family. The larger of
the two is their ‘baby’ dinosaur,
measuring 325mm high and
made from 3 mm stainless
steel. The ‘Micro-metric
dinosaur is only 10mm high
and made from 0.1mm stain-
less steel! 

“We could go smaller,” said
Technical Director Neil Main.
“Cutting the parts would be
okay but putting him together
would be a bit of a challenge.” 

Micrometric’s ‘Little and Large’

Alltec Ltd
Contact: Clive Morrison
T: +44 (0) 1709 703739 
F: +44 (0) 1709 730958
E: sales@alltec.globalnet.co.uk

Armstrong Optical Ltd
Contact: Ian Johnstone
T: +44 (0) 1480 404613
F: +44 (0) 1480 404613
E: ianjohnstone@yahoo.com

BFi Optilas Ltd
Contact: David Switzer
T: +44 (0) 1908 326326 
F: +44 (0) 1908 221110
E: david_switzer@uk.optilas.com

Coherent Optics Europe Ltd
Contact: Ian Moyes
T: +44 (0) 1162 846200  
F: +44 (0) 1162 751673
E: ian.moyes@coherentinc.com

Davin Optronics Ltd
Contact: Nigel Jinks
T: +44 (0) 208 905 1414  
F: +44 (0) 113 222 3198
E: sales@davinoptronics.com

Domnick Hunter
Contact: Rob Lear
T: +44 (0)191 402 9701  
F: +44 (0) 208 207 4583
E: rob.lear@domnickhunter.com

Exitech Ltd
Contact: Malcolm Gower
T: +44 (0)1993 883324  
F: +44 (0)1993 883324
E: m.gower@exitech.co.uk 

Heriot-Watt University
Contact: Duncan Hand
T: +44 (0) 131 451 3020  
F: +44 (0) 131 451 3088
E: d.p.hand@hw.ac.uk

Hi-Tech UK
Contact: Phil Mullins
T: +44 (0) 1709 763000 
F: +44 (0) 1709 763001
E: sales@purexltd.co.uk

Jambalaya
Contact: Doug Jame
T: +1 613 523 7770  
F: +1 613 748 9650
E: Doug.James@jambalaya.ca

JETCAM (UK) Ltd
Contact: Hazel Hewitt
T: +44 (0) 1684 576477 
F: +44 (0) 1684 892269
E: nnorris@jetcam.co.uk

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

Manusoft (UK) Ltd
Contact: Tony Panrucker
T: +44 (0) 1789 721930
F: +44 (0) 1789 721901
E: info@manusoft.org

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

Oxford Lasers Ltd
Contact: Martyn Knowles
T: +44 (0) 1235 554211
F: +44 (0) 1235 554311
martyn.knowles@oxfordlasers.com

Pullmax Ltd
Contact: Kevin Brien
T: +44 (0) 113 297 6666  
F: +44 (0) 113 222 3198
E: sales@pullmax.co.uk

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

Rotherwood Machinery Ltd
Contact: Ian Croft
T: +44 (0) 1480 309800 
F: +44 (0) 1480 461366
E: ian@ukmachine.com 

Spectron Laser Systems
Contact: Riccardo Tomassoni
T:  +44 (0)1788 544694  
F: +44 (0)1788  575379 
E:sales@spectronlasers.com

Trumpf Ltd
Contact: David Foulks
T: +44 (0) 131 451 3020  
F: +44 (0) 1582 399258
E: david.foulks@uk.trumpf.com

Funding for Photonics Engineering Doctorate Contact details

Members’ News
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Spectron Lasers have announced
the re-organisation of their US
operations and the strengthening of
the sales and support team based in
Warwick RI

As part of Spectron’s drive to
improve efficiencies, DC CO2 laser
manufacture is to be relocated to
their manufacturing operations in
Rugby.  The consolidation of manu-
facturing in the UK has been timed
to coincide with the overall expan-
sion of Spectron’s manufacturing
facilities, which are to be doubled in
the near future.

In conjunction with these changes, the US sales and support oper-
ations have been expanded with the recent appointment of expe-
rienced laser sales executive, Dr Steve Shuttleworth. As Spectron
USAs new North American sales manager, Steve will be respon-
sible for managing the US sales and support team based from the
Warwick, Rhode Island offices.

‘Steve brings a wealth of experience to Spectron and to our US
operation in particular. This appointment signifies the start of
Spectron’s plans to develop our presence in the US market place,’
commented Riccardo Tomassoni, Sales and Marketing Director. 

Expansion at Spectron Lasers

Steve Shuttleworth

V&S Scientific have moved to a larger and more
modern factory in Stevenage, Hertfordshire. The
move was necessary in order to accommodate the
planned expansion of the company over the coming
years, a result of V&S becoming a member of the
Union Minière Group.

V&S have been carrying out extensive building
work over the recent months in order to create the
optimum optics production facility. A new computer
controlled polishing machine has also been installed,
with additional units planned. This will enable V&S
to increase output in general, and decrease lead
times on optics. The additional space will also pro-
vide room for enhancement of the company’s current
QA facilities. V&S’ new premises in Stevenage

More space at V&S

Purex, specialists in fume/dust
extraction and purification, have
recently appointed Rainer Meyer as
their new European Agent. 

Rainer has been appointed to deal
with the continued sales expansion
of Purex systems, particularly in
laser marking, coding, etching, cut-
ting and welding applications and
the SMT market.

Rainer Meyer joins Purex Europe

Davin Optronics has acquired the manufacturing optronics
business of Coherent Ealing (Europe) Ltd, a subsidiary of
Coherent Inc.

As a consequence of the acquisition, Davin will take-over
Coherent Ealing’s factory in Watford,  the design and manufac-
ture of the opto-mechanical product range and the Medical and
Industrial business segments. Coherent will retain ownership of
the Coherent Ealing name and the Coherent Ealing Opto-
Mechanical distribution business, the World Wide management
of which will now be centred in Auburn, California.

In addition, Davin and Coherent have entered into a strategic sup-
ply agreement for supply of the opto-mechanical products for the
Coherent Ealing Opto-Mechanical distribution business and will
work together as partners in markets of mutual interest, such as
Defence and Lasers.

The benefits to Davin are the addition of a highly skilled design
and manufacturing team, access to in-house precision mechanical
manufacturing and a more than doubling of manufacturing space
to 37,000sqft. Over the next few months, Davin will relocate all
Borehamwood, UK activities into the Watford facility and oper-
ate solely from that site.

‘This is a really exciting opportunity,’ said Nigel Jinks, Davin’s
Chief Executive. ‘Merging both companies resources provides
customers with a unique set of optical skills under one roof.
Davin has grown rapidly over the past few years and this acqui-
sition will boost this growth and enable Davin to become  the pre-
mier ‘one-stop shop’ for the design and manufacture of opto-elec-
tronic and opto-mechanical systems and components. Leading-
edge design will be supported by a world-class manufacturing
and test facility that is capable of providing one-offs, prototypes
and medium-high volume production.’

Ian Moyes,  Sales Director for Coherent Optics Europe, said
that ‘the divestment of the Watford facility is an opportunity
for Coherent Optics Europe Ltd, Leicester, to focus on
enhancing it’s position as the leading European supplier of
Thin Film Optical Coatings, Precision Optical Components
and Sub-Assemblies for Defence, Laser, Entertainment
Lighting and Telecom markets.’

Davin acquires Ealing business 
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International SEMATECH, the global consortium of chipmakers,  plans to upgrade
its Exitech 157nm F2 laser Micro-stepper to incorporate a 0.85NA objective. 

The manufacturing requirements of 4Gbite memory and 2GHz processor chips
around the year 2005 will require photolithography on wafers with critical features
sizes in the range 70-100nm. To achieve the 70nm node, production steppers are
likely to incorporate 157nm F2 laser sources in conjunction with high numerical
aperture (≥ 0.8NA) imaging objectives.

The 157nm Exitech tool, delivered in December 1999, incorporating a 6 watt 157nm
Lambda Physik Novaline F630 F2 laser source and a Tropel 0.6NA 1.5x1.5mm cata-
dioptric objective, has been used to evaluate a wide range of
potential 157nm photoresists. Being the first 157nm tool devel-
oped for high resolution imaging, it is also being used as a test
bed for studying key production stepper-related tool issues like
resist outgassing, purging strategies, phase shifting mask imag-
ing and off-axis illumination. 

With the 0.6NA objective currently installed, 90nm and 50nm
minimum line widths have been imaged using binary and phase
shifting masks. The 0.85NA, 0.5x0.5mm lens also manufactured
by Tropel and installed by Exitech, should allow a 30% reduc-
tion in minimum feature size – perhaps to 60nm and 35nm with
binary masks and PSM's. The upgraded Microstepper will also
allow investigation of imaging with very high numerical aper-
ture radiation incident on a thin film resist - i.e., at very large
angles of incidence. The upgrade is scheduled for February
2002.

Exitech KK
In January this year,
Exitech announced
the formation of a
Japan-based sub-
sidiary, Exitech KK,
located in Tokyo.
Facilities at Exitech
KK include support
for applications tri-
als in a laboratory
fully equipped with
the latest generation
of laser microma-
chining systems, fit-
ted with associated
diagnostic tools.
The company is responsible for sales and service support of
Exitech's wide range of industrial laser micromachining systems
in Japan. Exitech, based near Oxford, also has a US subsidiary
located in Menlo Park, California. 

Exitech KK in Minamisuna, Tokyo

Exitech 157nm
Microstepper

installed at
International

Sematech

Exitech upgrade for International SEMATECH

Rob Leonard has recently joined
Alltec UK Ltd as Sales Manager
responsible for coding systems in the
UK and Ireland packaging industry.
Robs brief is to increase sales in the
UK of the successful Alltec range of
CO2 coding equipment.

‘I am extremely excited about this
new position within Alltec and look
forward to the challenge of increas-
ing UK sales in line with highly
successful vector and TEA laser
sales in Europe,’ said Rob, who joins Alltec with 14 years expe-
rience in laser coding services. 

Rob takes on Alltec UK’s CO2 sales

1999 Bystronic 4020 Twin Pallet Laser Profiling machine fitted
with the following features:

• 3.5 kW laser resonator

• Rotary axis with pneumatic chuck

• BYPOS cut control

• Fume hood (illuminated) fitted with variable speed fan
extraction.

Low hours and in excellent condition.

Contact Malcolm Hatcher at Laser Profiles (T: 01202 875657)
to view

Laser cutting machine for sale

WANTED for university lab, a used CW CO2 laser, output any-
where between 800W and 1.5kW. Also wanted, an XY table
approx 1m x 1m. 

We are prepared to buy as a complete system or separately.

Contact Sarah Silve at Brunel University:

T: 01895 274000 ext 2912   E: Sarah.Silve@brunel.ac.uk

Wanted: Laser cutting machine
As a result of our recent relocation, we have a 400W CO2 laser,
a Howden MF400, for sale. 

The Laser is in full working order, complete with stand and a
closed loop chiller.  Anyone is interested in making V&S an
offer to purchase this equipment, please contact Richard Clark
on 01438 767500.  

Laser for sale
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V&S Scientific, part of the Union Minière Group, is one of
Europe's largest manufacturers of CO2 laser optics and systems.
Relocation to a new, larger production facility, has produced
immediate vacancies for the following positions:

Skilled Optical Polisher
Required to work in our polishing shop, producing lenses, win-
dows and mirrors to a high standard, using traditional methods.
Experience on infrared materials is ideally required, and previ-
ous experience on ZnSe a major advantage.

CNC Generating / Polishing Operators
Required to work in the automatic polishing shop, using the lat-
est generation equipment to produce high volume optics.
Experience on LOH, Optotech or Schneider CNC machines
would be preferred, along with basic understanding of optics.
Some training may be given. Shift work may be required at a
later date.

Optical Inspector
Required to work on both pre and post coated optics within the
production process. Experience of the high standards required by
CO2 optics and materials would be an advantage.

All positions will attract excellent rates of pay commensurate
with the qualifications and experience of the successful appli-
cants. A company pension is also available.

Please apply in the first instance by sending a CV to the below
address, or contacting Richard Clark on 01438 767500

V&S Scientific (London) Ltd.
Unit 2, Caxton Place, Caxton Way, Stevenage, Herts. SG1 2UG
T: 01438 767500 · F: 01438 767555 · E: careers@vs-scientific.com

Demand for increased bandwidth in telecoms networks has lead
to the rapid growth of dense wavelength division multiplexing
(DWDM) for multi-channel transmission along single fibres.
Fibre Bragg Gratings are a vital component of DWDM systems,
providing a major increase in bandwidth with FBG-based
DWDM. The FBGs are used to separate or combine signals in a
single fibre and are written into fibres using high power UV
lasers. The same technology is used for wavelength stabilisation
and locking in laser transmitters and fibre lasers (e.g. gain flat-
tening filters for fibre amplifiers, dispersion compensation for
long distance transmission) and for a growing number of new
applications including fibre sensors - temperature and strain
measurement.

The UV laser requirements for FBG production include excel-
lent power stability, good beam uniformity, stable beam point-
ing, good temporal and spatial coherence, preferably with low
installation costs for multiple units and low cost of ownership.
Oxford lasers provides a range of copper lasers to meet these
requirements.

Results using the UV Copper laser have demonstrated fast write
times/ high production rates. For example, growth rates of grating
reflectivity with UV exposure time from 10dB/30s for hydro-
genated standard telecoms fibres to 60dB/2secs for B/Ge/H2

doped fibres (or >15dB/2min for 4 fibres written simultaneously
with a defocused beam) have been achieved. The lasers have low
installation and running costs.

BG250 FBG600 FBG1000

Average Power @ 255 nm 250 600 1000
Options @ 271 nm 250 600 1000

@ 289 nm 100 250 400

Peak power (kW) 1.5 4 6

Power stability (% rms) 3 3 3
over 8 hours

Spatial coherence (mm) 2 2 1

Beam diameter (mm) 3 4 4.5

Divergence (mrad) 0.3 0.3 0.6

Pointing stability (mrad) 0.05 0.05 0.05

Power consumption (kW) 3.5 4 4

FBandwidth 2 pm 2 pm 2 pm

Temporal coherence length 4 cm 4 cm 4 cm

Polarisation ratio >100:1 >100:1 >100:1

Oxford Lasers produces UV sources for Fibre Bragg Gratings

Situations Vacant
David Tinker has recently joined
the sales team of Rofin-Baasel UK
at their Daventry office, to take
responsibility for Rofin’s macro-
processing product line.

David, a Canadian, has lived in the
UK since the 1970s. He trained in
electronics engineering in the RAF
and has worked in the laser business
for the last twenty years, mainly in
the areas of laser marking and high
power Nd:YAG processing.

David Tinker joins Rofin

Trumpf and Jenoptik AG have entered into a co-operative rela-
tionship in the high-performance diode laser sector, aimed at joint
further development of high-performance diode laser technology
for industrial applications. Trumpf has acquired a 25% share of
Jenoptik Laserdiode GmbH.

Jenoptik develops, produces and distributes high-performance
diode lasers, which are being used by Trumpf as pump sources in
the solid-state lasers manufactured by its subsidiary Haas-Laser.

“This acquisition will enable Trumpf to co-operate in a technolo-
gy that is important for us. High-performance diode lasers have
excellent prospects and enormous growth potential,” said
Berthold Leibinger, managing partner of the Trumpf Group.

Jenoptik is currently investing around £6.5M in a new clean-room
building at its Jena site, including production machinery for the
mass production of high-performance diode lasers. 

Trumpf acquires diode stake 
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Advanced nitrogen gas generators that can dispense with the
need for high-pressure cylinders or liquefied gas storage in
laser metal-working applications are available from domnick
hunter Ltd.  The MAXIGAS range of continuous nitrogen gen-
erators are designed for high-pressure, intermittent-flow appli-
cations such as laser cutting where, depending on usage, they
can significantly cut nitrogen gas costs.

“Productivity is also considerably boosted by eliminating the
time and effort spent changing cylinder packs or eliminating
tanker deliveries of liquefied gas,” says domnick hunter
Product Manager, Rob Lear.

Domnick hunter, an international filtration, purification and
separation specialist employing more than 1200 people in 80
worldwide operations, has developed the MAXIGAS range to
provide on-site high quality nitrogen gas from compressed air.
The generators are designed to offer an uninterrupted, reliable
and safe source of gas 24 hours a day for industrial production
and testing applications as diverse as heat treatment, modified
atmosphere packaging, beverage dispensing, pressure transfer
of raw materials, inerting of chemical storage and blanketing
of can welding operations. 

Metalfacture Ltd, a precision sheet-metal-working company,
uses nitrogen assist gas when cutting stainless steel, aluminium,
zintec and mild steel up to 2.5mm on their new Trumpf L2530
laser cutting machine. Originally, their nitrogen gas was sup-
plied in multiple packs of high-pressure gas cylinders, but as
demand for components increased the supply of nitrogen gas
was becoming increasingly inconvenient, the company decided
to install a MAXIGAS nitrogen generator to provide the 99.9%
pure nitrogen assist gas. As a result, the company saved produc-
tion time amounting to almost two weeks’ per year which would
otherwise be lost in replacing manifolded cylinder packs (at
least 30 minutes each replacement, 3 times a week), at the same
time satisfying their environmental concerns over frequent
cylinder deliveries by road. Other benefits for Metalfacture Ltd
included a two-year payback against the cost of cylinder gas and
the freeing up of valuable factory space previously taken up by
manifolded cylinder packs.

The MAXIGAS system can be set to supply nitrogen at purities
from 97% to 99.999% and complements domnick hunter’s range
of NITROX Ultra High Purity (UHP) gas generators of nitrogen,
hydrogen, zero air and pure air for laboratory applications. 

On-site N2 generators challenge storage options

For 50 years Thwaites has manufactured dumper trucks. In 1986
and 1987 Thwaites took delivery of two ‘Plasmapress’ machines
from Trumpf, and subsequently created what was probably the
most efficient such facility in the ‘yellow-goods’ industry in the
UK. Efficient workplace-layout, materials-handling, and tool pre-
setting, gave them machine-utilisation and productivity levels
which were the envy of their fellow fabricators.  

In December 1999 Production Manager Steve Trotman placed an
order with Trumpf for an L3030 to take advantage of a new
Unigraphics CAD system, purchased in preparation for the design
of a new product range with laser profiling in mind from the out-
set. The production freedom offered by laser-processing allowed
Thwaites’ designers to realise more of the potential of their new
CAD system than any other cutting process. Further benefits fac-
tored into their justification to go for laser cutting included an
improved material utilisation, lack of sheet clamping require-
ments, reduced kerf and skeleton web-thicknesses, the flexibility
to run lower batch size orders (leading to inventory and other pro-
duction-control benefits), and an automatic pallet-exchange sys-
tem, combined with the ability to run a laser machine unmanned
into the night at the end of a late shift.  

The machine was delivered in June 2000 and was soon running on
two shifts, and the predicted benefits - and more - were soon evi-
dent. One benefit that they had considered, but not claimed because
it was too intangible, was that of improved component accuracy.
This was found to be quite significant when combined with new
‘design-for-manufacture’ ideas to reduce assembly times. 

The idea of using ‘tongues’ and slots in respective components to
enable ‘jig-free’ assembly is far from new. But Thwaites have
taken this idea to new heights, in many instances eliminating or
greatly simplifying welding jigs, particularly in the area of vehi-
cle sub-frame assembly. Jig elimination, although most noticeable
among the major sub-assemblies, is by no means confined to this

area. According to
M a n u f a c t u r i n g
Supervisor John
Tebaldi, it is also
significant in the
detail production
area. On older
machine models,
any components
thicker than about
10mm were profiled on their gas-cutting machine, which meant
that any holes had to be subsequently drilled. Even on thinner
parts, if any holes smaller in diameter than plate thickness were
required, they also had to be drilled rather than punched.
However, on their new model, holes and slots as small as 40% of
plate thickness are now produced by laser, at the same time as the
larger profiles. Not only has this eliminated ‘second-ops’, with all
their extra handlings, set-ups, and machining times, but it has also
eliminated literally dozens of drilling jigs. 

Another envisaged benefit that Thwaites can now confirm is a
reduced manning requirement when compared with their other
machines. Using the ability of the L3030 to run unmanned into
the night, the operator at the end of the late shift makes sure that
the machine is loaded with two fresh sheets of raw material. One
goes into the cubicle for cutting, and one onto the second pallet
ready for use. On completion of the first sheet, the pallets
exchange and the second job is cut. On completion of the second
job, the machine shuts itself down in a controlled and safe man-
ner, ready for unload next morning. By choosing long-cycle jobs,
usually in their slower-profiling, thicker materials of up to 20mm,
they can often obtain 2 or 3 hours per night of ‘free’ production.

Design for laser manufacture benefits yellow-goods manufacturer
The Trumpf L3030

installed at Thwaites
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AILU member Jambalaya, developer of the Juggler software for
real-time, optimised scheduling for the laser job shop market,
have launched a newsletter, Juggling Tips, for their users.

This first issue addresses cost-based optimisation as opposed to
the time-based optimisation that job shops are most concerned
with during busy periods. If business slackens, however, it may
be more appropriate to consider a switch to cost-based optimisa-
tion. Juggler contains a full economic model (including electric-
ity, cooling, fuel gas, process gas, maintenance and parts costs)
and will allocate jobs to machines with the least cost. Costs can
also be reduced by using fewer machines, reducing the number
or length of shifts and by selling older, less efficient machines.
Even the best machines ultimately reach the end of their eco-
nomic life and need to be replaced, but determining when that
day has arrived is often a "gut-feel" rather than a "fact-based"
decision. Juggler can help this situation in two concrete ways -
tracking the annual maintenance and spares cost, and showing
the recent utilisation of the machine. 

When you've decided on replacement your next hurdle is to sort
hundreds of claims and specifications for machines from the
many manufacturers. Again, Juggler can assist in this by allow-
ing you to ‘test-drive’ candidate machines with Juggler, for jobs
actually processed in your shop.

Jambalaya has just released an upgrade, Juggler (1.2). Among
other improvements, it deals more completely with the optimisa-
tion of lens changes. Changing the focal length of the lens in the
cutting head, to deal with a change in type or thickness of mate-
rial, is a routine practiced in many shops. However, allowing for
the time taken for lens changes adds complexity to job schedul-
ing. The new optimisation procedure can be set to minimise the
number of necessary lens changes, dealing with up to 4 lenses
per machine.

You can view the Juggling Tips newsletter at 
http://www.jambalaya.ca.

New Juggling Tips newsletter

Pullmax has received an order from F G Wilson for a Bystronic
Bystar 4025/6.5 metre laser cutting centre, the company’s sev-
enth Bystronic but the first to feature the 6.5m bed size.

The machine is capable of cutting sheets up to 6.5 x 2.5m and is
equipped with a 4kW resonator, Bypos adaptive optics and
Bytrans, an automatic load/unload system that can also handle
sheets and nests up to 6.5 x 2.5 metres. The Bytrans system has
been adapted to include a static table for the unloading of parts and
‘intelligent’ vacuum cups for the loading of different sized sheets.

The machine will be commissioned at F G Wilson’s Monkstown
facility and will be used for the profiling of base frame parts for
its range of mobile diesel generators.

Accuracy and repeatability are essential to F G Wilson’s produc-
tion requirements, particularly for fabricated base-frames that are
to be robot welded. Shearing and guillotining operations do not
provide the required level of accuracy or repeatability. F G
Wilson believes the repetitive accuracy provided by the Bystar
will further improve the productivity levels for downstream
processes such as robotic welding.

Laserform’s factory in Drogheda, Ireland, manufactures tooling
for the packaging industry, as well as general sheetmetal fabrica-
tion and laser and waterjet profiling. Many of Laserform’s cus-
tomers operate Just-in-Time policies, which the company found
was placing pressure on its resources and making it difficult to
track critical factors such as the profit margin on jobs.
Furthermore, Laserform was increasingly being asked for rapid
responses to queries on past and present jobs, and this was
becoming time consuming to deal with. 

The company considered the option of simply adding more
employees, but decided this was probably not the most cost
effective and efficient solution. It chose instead to embark on a
major review of its manufacturing systems. In particular,
Laserform was looking for a method by which it could both
improve the availability and quality of information required by
the customer, as well as providing an effective business man-
agement methodology for them: the bottom line being to
increase profitability through improved management and
enhanced customer relations.  

The solution presented itself in the form of an e-Commerce B2B
(Business to Business) package from Manusoft (UK) Ltd that
would enable any customer, at the click on an icon on their 
computer, to access the Laserform system and view the real time
status of any live job, as well as looking at previous histories.

The Manusoft solution is a fully integrated software package that
offers full management capabilities, from the enquiry stage,
through production control to financial accounting and the e-
commerce B2B module. Laserform went live with the system at
the beginning of April 2001 and is already seeing significant ben-
efits as a result of the installation.  

“A key attribute of the Manusoft system is the ease with which
customised reports can be created,” says Sean Mac Entee at
Laserform. “The system is supplied with many popular reports
available as standard, but the ability to tailor the information to
best serve our manufacturing practices has been extremely 
beneficial.”

In essence, data is input on the shop floor by the production oper-
atives via a touch screen and there are currently three touch
screens installed throughout the Laserform plant. Machine oper-
ators use the touch screens to clock in and out, to confirm that
they are starting a job, to confirm that they have stopped or fin-
ished the job, to collect their next job and much more. 

The Manusoft system enables each job to be treated as a separate
profit and loss account, as well as enabling customers to access
production schedules. Together with this, there is a facility to
record reject and quality information via the touch screens, mak-
ing the system an all-encompassing manufacturing system to
assist management to fully control the business.  

Sean Mac Entee summarises, ‘We still have a long way to go to
fully exploit the capabilities of the system but this gives us great
confidence, as we know the system can grow with us. However,
we are already seeing the benefit on our bottom line and it has to
be said, that after 21 years in business, this is first time that soft-
ware people have not over-promised and under-delivered!’

Laserform B2B with Manusoft

6.5m bed Bystronic for FG Wilson
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SLD 21 100 high power DPSS Nd:YAG laser

The latest in industrial DPSS lasers from Spectron, the SLD 21
100 delivers output powers in excess of 100W multimode and
18W TEMoo at 1.064µm.

The SLD 21 100 has been developed specifically with high qual-
ity marking, and engraving in mind. The laser can be configured
for CW and/or Q-switched operation. The sealed laser head
together with the field-replaceable diode modules ensure max-
imised up time as well as field upgradeability for the future.
Further features include a new pumping chamber design giving
improved output stability of <1.5% rms, and an optional integrat-
ed, remotely controlled, motorised aperture module, providing
increased processing quality and flexibility.

INTEGRA Nd:YAG OPO laser

The Spectron SL456 OPO INTEGRA combines an 800mJ Q-
switched Nd:YAG laser with a broadly tuneable optical paramet-
ric oscillator in a single, compact housing. The inherent stability
of the Spectron invar rail-based laser head construction assures
long-term system alignment and dependable performance.

The integrated OPO is pumped by the third harmonic of the Q-
switched Nd:YAG laser at 355nm. The OPO utilises a type II
phase matched crystal of BBO, which provides access to the spec-
tral range 410 - 2500nm with a constant 2cm-1 linewidth. The type
II matching eliminates the gap in the tuning range at 710nm asso-
ciated with existing type I phase matched OPOs. 

Peak OPO output is typically 50mJ at10Hz with higher energies
and repetition frequencies (>170mJ, 50Hz) available using more
powerful pump lasers from Spectron's range. Optional frequency
doubling extends UV coverage to 205nm.

Applications include fluorescence spectroscopy and studies of
non-linear optical effects.

SLR Series of RF excited sealed CO2 lasers. 

The SLR series of industrial CO2 lasers from Spectron deliver
specified output powers of 10, 25 and 50W, specifically devel-
oped with high quality marking, engraving and cutting in mind.

Amongst its many new features the SLR series has a waveguide
cavity (patent pending) providing near-diffraction-limited beam
quality and increased stability and an enhanced RF power supply
for superior pulsing characteristics.

A wide variety of options including air or water-cooling, an inter-
nal alignment diode and integrated ‘tickle’ pulse generation, com-
plemented by an inherently rugged design and extended lifetimes,
ensure that the SLR series gives true industrial ‘fit and forget’ per-
formance. 

MINI-Q  Nd:YAG laser

The Spectron MINI-Q is a compact, transportable Q-switched
Nd:YAG laser that provides 200mJ, 6ns pulses at 1.064µm at a
PRF of 10Hz. Upgradeable second, third and fourth harmonic
generation modules mount directly to the 1064nm head to provide
access to 532, 355 and 266nm outputs. The laser head measures
just 450mm long and features an ultra-compact power supply
with integral air-cooled heat exchanger. 

The MINI-Q is available with a choice of resonator configura-
tions. The stable resonator option provides the highest beam
uniformity and the ability to vary the laser’s repetition frequen-
cy, while the gaussian-coupled VRM resonator reduces the
beam divergence for improved harmonic generation efficiency.
A removable aperture is available with the stable resonator,
which provides for a true TEMoo output for diffraction limited
focusing.

Applications for Spectron's MINI-Q include PIV, fluorescence
spectroscopy, LIBS, marking and drilling, laser ablation for mass
spectroscopy and OPO pumping.

Spectron’s new laser line-up 
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Real-time monitoring
of spot welding can
now been achieved
by the use of the
ProWatcherpulse sys-
tem available from
Armstrong Optical
Ltd of Northampton.

Designed to integrate
seamlessly and non-
invasively into virtually any Nd:YAG laser system, the monitor
analyses the plasma plume generated by the welding process. The
overall intensity of the plume and its temporal decay characteris-
tics allows automatic assessment of such parameters as laser
power delivered to the weld and variation in component fit-up.
Out-of-specification welds can be flagged for subsequent analy-
sis, faulty components can be rejected as scrap or the operator can
be made aware of faults. Weld data can also be assessed over time
to show overall system variance.

For users involved in seam welding (overlap, butt, fillet etc.)
Armstrong Optical have the ProWatcherseam which integrates
into the laser in the same way, but analyses the plasma plume
intensity variance using a different algorithm.

‘The ProWatcherpulse is finding great applicability in the elec-
tronics industry, whilst the ProWatcherseam is being used in the
‘heavier’ industries such as Automotive and Aerospace manufac-
ture,’ said Ian Johnstone of Armstrong Optical.

Both ProWatcherpulse and ProWatcherseam can be integrated
into CO2 laser-based welding systems using a diffractive optical
element to sample the process radiation generated by the welding
operation.

The requirements for
precision positioning
offering both high speed
and high resolution has
seen a significant
increase from a wide
range of industries
encompassing semicon-
ductor production and
test, fibre optics and
micro-machining. 

Lambda Photometric offers the Physik Instrumente series of pre-
cise movement products, ranging from single-axis to six-axis posi-
tioning. The P-611 NonoCube™ is PI’s smallest multi-axis piezo
nano-positioning system. Its 100 x 100 x 100µm XZY positioning
and scanning range comes in a package of only 44 x 44 x 44mm.
The NanoCube uses low voltage peizoelectric drivers in a flexure
guiding system, to provide motion with an resolution down to 1 nm
and a settling time of only a few milliseconds. In addition, the
closed loop versions is equipped with built-in strain gauge position
feedback sensors to provide nanometre scale resolution.

Rotherwood machinery of St Ives, Cambs have just signed a three
year exclusive distributorship with a leading Italian manufacturer
of laser cutting and marking machines. SEI of Bergamo produce
CO2 and Nd:YAG lasers for the cutting and marking of all materi-
als but primarily wood, plastics, textiles and most non-ferrous
materials. A full catalogue is available from Rotherwood as well as
in-house and uniquely mobile demonstration facilities. More
details are available at www.ukmachine.com or www.seispa.com 

Rotherwood supply SEI machines

Rofin now has over 1,000 employees world-wide and an annual
turnover in excess of $200m. Rofin-Baasel UK in Daventry has
21 employees and a turnover in excess of £5m. With the inclusion
of the Nd:YAG and CO2 products from the Baasel Lasertech, the
Rofin Group now claims to have the widest product range of any
industrial laser manufacturer world-wide. 

Two of the new turnkey products, the StarWeld Tool for fine
welding and the fine tube cutter, both Nd:YAG-based, were
described at the recent AILU members’ meeting in Nottingham.

The StarWeld Tool is designed specifically for the repair of injec-
tion mould tools by laser welding with the addition of filler mate-

rial. Fine welding
wires in a wide range
of tool steels are
available and many
other materials (e.g.
copper and alumini-
um) can be welded
using the system.
The product features
a swivelling-optic
focus lens, which

allows the operator to vary the angle of attack of the beam in 2
axes whilst maintaining a fixed microscope viewing position. The
machine has a capacity of 350 kg and can be loaded directly from
an overhead gantry. The laser used is a 100W pulsed Nd:YAG
with variable spot diameter and automatic adjustment of the rep-
etition rate to achieve constant spot overlap.

The tube cutter is
based around the
StarCut 18 laser
which can cut with a
kerf width of less than
20µm and is capable
of processing fine
tubes without any
backwall damage,
this being achieved
without having to
flow liquid through the tubes. Typical applications are stent cut-
ting and drilling of fine holes in surgical instrument tube.  The
system can handle tube from 0.5 to 7mm in diameter.  A CAD-
CAM system with post-processor allows files to be rapidly con-
verted to CNC part programmes.

Rofin launch two new products

Lambda offers nano positioning 

Armstrong’s weld monitors
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The capacity of the Hi-
Tech UK factory has
recently been increased by
more than 30%, plus extra
office space allocated for
new sales & marketing
personnel. 

Managing Director Phil
Mullins said, ‘Our current
expansion plans have been
necessary due to the
unprecedented success of
our  PUREX fume extrac-
tion products in expanding
markets. Customers have
seen  the cost and environ-
mental benefits that PUREX
systems deliver. Blue chip
clients running SMT and
other soldering processes have responded with  record order levels.’

‘We have also invested heavily in R&D to produce machines
specifically for the growing laser market. In laser marking for
example, inefficient extraction can lead to serious production
problems. Airborne particles deflect the laser beam, producing
blurred or distorted marks. This leads to increased reject rates and
necessitates a reduction in product throughput to reduce fume
build up. In addition, particles can bake onto exposed laser lens’
and mirrors causing localised overheading possibly leading to
cracking or shattering of the component,’ Phil added. ‘Over 1000
Purex systems have been fitted in laser processing installations
worldwide, resulting in improved product quality reduced reject
rates.’

Depending on the substrate, different hazardous fumes and dust
are produced, causing potentially serious health risks and pro-
duction problems. The amount of debris produced is generally
related to the size and depth of the mark or etch and the produc-
tion cycle. For example, a typical bottling plant processing
60,000+ PVC lids per hour on a 24/7 cycle will require a much
larger filter area than a packaging plant operating 8 hours per day
bar-coding paper products. 

Traditional ‘vent to atmosphere’ extraction systems can require
modifications to the factory roof or wall, extensive pipework,
costly maintenance and also raise concerns over environmental
emissions. By comparison, Purex systems can in many cases be
used to recycle purified air back into the workplace, not only
overcoming environmental pollution concerns and the need for
factory modification but at the same time reducing heating/air
conditioning costs. 

‘With the climate change levy beginning to bite and increasing
energy costs, Purex systems can actually save money,’said Phil.
‘They have the benefit of being mobile and so can be easily relo-
cated if necessary. Powerflow machines use IPCP (Intelligent
Purification Control Programme) to control variable speed
motors to maintain a high level, uniform airflow as the filter
begins to block, and this may attract Enhanced Capital
Allowances,’ he added. 

Get our Engineer on a disc
JETCAM has launched a F2 video help CD. Containing almost
200 short videos, the CD integrates within the JETCAM Expert
software to allow users to obtain context sensitive audio/visual
assistance. By simply pressing the F2 key the relevant video file
is played for whatever button the cursor is hovering over,
explaining the procedure. 

The aim of this initiative is to allow new operators to get up to
speed on more complex functions quickly, and for those that may
not use the system regularly to remind themselves of infrequently-
performed procedures. F2 video help is free to all JETCAM cus-
tomers.

Expansion at Hi-Tech JETCAM launch video help CD

BFi Optilas is now able to offer the RazorScan and QuantumScan
Moving Magnet Galvanometer Scanners from AILU-member
RayLase AG (formerly ScanPro AG).

The RazorScan is available for mirrors in the range 7 to 15 mm
while the QuantumScan is for mirrors in the range 15-50 mm
diameter. A high performance version of the QuantumScan is
also available and features the world’s first galvanometer scan-
ner with a ceramic rotor. 

The RayLase range of
scanners is designed for
state-of-the-art perfor-
mance. The position 
detector is located close to
the moving mirror for best
possible accuracy and the
motor is thermally isolated
and far away from the
position detector, thereby
reducing position drift by
minimising thermal
effects, a patent-pending
feature found only in these
scanners. 

RayLase AG claim that 
further refinements in
capacitive position detec-
tor technology give their 
galvanometer scanners the
best  linearity and the 
highest signal-to-noise
position signal in the 
industry. The patent-
pending motor design is
the first to incorporate
Side Load Reduction
(SLR) technology to min-
imise off-axis magnetic
forces on the rotor and
thereby reduce wobble and
improve step response. 

BFi’s new galvo scanners



13

Question and Answer

Issue 23, June 2001 The Industrial Laser User

Just over two years ago we purchased our first laser system, for
use in multi-axis cutting of hydroformed parts. The system com-
prised a cw Nd:YAG laser with fibre delivery, a robot and a class
1 workstation with a specially designed manual loading device.
After a significant period of system development we were still not
achieving an acceptably high level of reliability, mainly as a
result of optical fibre damage. Neither the laser nor the robot
manufacturer would accept responsibility for the problem and we
eventually gave up and switched to a cutting technology that we
were more familiar with. In hindsight, we should have anticipat-
ed the problem at the contractual stage. 

Clearly, this sort of experience does a lot of harm to the reputation
of laser technology. What do you recommend for future purchases?

Oh dear, another hi-tech failure. There is insufficient information to
establish if our unfortunate user purchased a standard system from
a supplier (unlikely), from a systems house (probable) or he assem-
bled the system from separately-purchased items (unwise). In the
first two cases the supplier has a legal responsibility, so the user
should not have had a ‘them and us’ fight on his hands.

It is all too easy to visualise the start of the project: ‘All we need is a
laser with a fibre optic delivery clamped to a robot.’ Details such as
minimum fibre bend radius and maintaining correct cutting distance
would be far from the minds of salesmen anticipating a lucrative sale.
Later on, a few unfortunate engineers would be left to deal with the
problems and a now hostile customer, probably with little support as
the management have moved on to the next project. It happens.

How can you avoid being the next loser? Find out about your sup-
plier – ask for and follow up reference sites. In the case described
above the technology is not new so go to an established supplier
with a track record. If your process requires significant develop-
ment then make sure that its done before costly special systems
are built. If you do not have the expertise to access the technical
risks and/or to overview the build/commission process consider
using a licensed sceptic – looking for consultants in AILU’s
Product and Service Directory under  ‘Training & Consultancy’
would be a good start. 
J Peter Hancocks   JPH Consulting

I strongly recommend that the purchaser of a complex machine
combining several technologies (e.g. laser, handling and process-
ing) should order the equipment under the following terms:

• Purchase the equipment from a single supplier, who must be
required to assume complete responsibility for the total project; 

• Specify ‘success’ is clearly defined terms in the contract; 

• Agree a ‘no success, no pay’ deal.

Remember, it is always far more important for the purchaser to
specify the product he intends to manufacture by the equipment
than to specify the equipment details: these are best left to the
experts. You will probably have to pay more for the increased
responsibility and risk to the supplier, but it is more likely to
result in a successful outcome. 

Jason Duffin Managing Director, M J Technologies Ltd 

We use a JK704 YAG laser for hole drilling. We have encountered
a problem where we need to increase a 0.63mm hole in coated
Nickel to 0.73mm. If we use a beam diameter that can drill a
0.73mm hole in a ‘virgin’ (i.e. undrilled) piece of the same mate-
rial, it only opens up a 0.63mm hole to 0.66mm. How should we
proceed?

Your observation of not being able to produce the same size hole
during hole enlargement as when drilling a solid material using
the same laser parameters is only to be expected. Indeed, it is
almost impossible to open up an existing hole by percussion
drilling using a larger spot size. Most of the beam will bounce
down the walls of the existing hole and not be absorbed in the
material. This is made worse by the fact that the energy density
distribution of the laser beam normally peaks in its centre. 

During the drilling of a solid material, heat conducted from the
high temperature centre of the hole to the surrounding material
contributes to the overall hole size. However, in the hole enlarge-
ment process you describe, the central portion of the beam (which
generally has the highest energy density) will pass straight
through the existing hole. In addition, there is considerably more
melt ejection and erosion during the drilling of a solid piece than

when drilling a hollow piece, so a smaller final diameter is
inevitable. It may be interesting to note that this phenomena is
also the cause of hole taper formation.

Three possible solutions might be tested:  

• Increase your pulse width

• adjust the beam focus so as to increase your spot size slightly. 

• adjust the laser beam energy density distribution to increase
the ‘sharpness’ of the beam i.e. more energy in the outer
regions. 

A more radical solution, but the one with the best chance of suc-
cess, is to set up the laser for the smallest, highest energy density
spot and try to trepan the hole out to the larger size. Even this will
be difficult but may work if the trepanning speed is slow enough.
Whether the metallurgy will be good enough is another issue and
can only be checked by trials. 

Professor Lin Li
Director of the Laser Processing Research Centre, UMIST

Keith Withnall
Marketing and Sales Development Manager, GSI Lumonics

QUESTION AND ANSWER

How do I enlarge a laser-drilled hole??

QUESTION AND ANSWER

How do I avoid contractual problems
when purchasing an integrated system??
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We report the success of a technique that allows the use
of a pulse-modulated or CW CO2 laser for scanning
applications where the dynamic control of laser beam

power is critical. The technique (described in The Industrial
Laser User Issue 21, pp22) overcomes effects such as missing
marking caused by insufficient laser pulse energy, over-process-
ing caused by pulse pile-up during rapid acceleration and decel-
eration of the scanned beam and power fluctuations between
process repeats and thereby opens up the major markets of non-
metallic print, packaging and component-converting, where 
visible acceptability of the processed article is a key requirement.

Most CO2 laser manufacturers specify their lasers around ±7%
power output stability. Tests on label stocks show the difference in
laser power between kiss cutting and over-scoring the silicon face of
the carrier can be as little as 4%. Wavelength instability commonly
increases the problem. In a range of Polypropylenes the absorption
of 10.6µm is 75-85%. At 10.2µm and 11.0µm, absorption can drop
to 15%. Many CO2 laser manufacturers specify their laser wave-
length stability as between 9.6µm and 11.2µm, and indeed no com-
mercially-available RF-excited CO2 lasers we have investigated
maintain a constant 10.6µm (the P20 transition line) output wave-
length. Switching the laser input modulation stream in time to marks
and jumps is the prime cause of instabilities especially when each
stream has a duration of only a few milliseconds. 

We have monitored an RF-excited CO2 laser switched in conjunction
with scanning requirements and observed a power output instability
of ±20% during the first 2 ms. Because a scanned laser beam is
switched on at the moment scan movement begins, and can process

over 2.5mm in one millisecond, it is clear why a digital breakthrough
to process non-metallic materials has been elusive until now. The
start-up instability observed in in modulated CO2 laser can be attrib-
uted to limitations of pre-ionisation stability and RF amplifier
response. In the case of pulse pile up, a direct result of applying one
level of modulation input to the laser RF amplifier following a mod-
ulation signal switch-off during a jump between two marking vector,
the effect is that the face material, the adhesive and the carrier may
be pierced. This is visibly unacceptable and on automatic material
transports is a cause of catastrophic web tear and waste-weeding fail-
ure. When this occurs the machinery must be stopped and the trans-
port re-loaded, losing valuable processing time. 

The solution
The most reliable method to control laser beam power is to con-
trol the beam power directly by optical means. In scanning appli-
cations this control has to be achieved in direct relationship to the
laser spot velocity, and in the first embodiment of this approach,
created in collaboration with the late David Greening of V&S
Scientific, a wavelength interference device controlled the reflec-
tion of a 500W beam from 0-97.6% in 980µs. However, line hop-
ping from P20 line made the prototype device unusable. 

By running the CO2 laser with constant input control and cooling
the highest laser power output stability is achieved. Stability to
within ±3% is readily achieved, with expectations of ±1% in the
near future. 

At RAYLASE AG we have developed a Power Control Device
which fulfils all necessary criteria. Currently a Beta device, the
PCD-10 has shown that a ø10mm 450W beam can be accurately
controlled 0-99.8% with a 600µs response time. After the LASER
2001 launch exhibition we expect to develop PCD-15 for ø15mm
700W with an estimated transmission 0-99.8% with a response
time under 1ms. 

New CO2 power controller set to revolutionise the market
Steve Hastings

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

T: +49 89 8569 8220   F: +49 89 8569 8210   E: s.hastings@raylase.de  

Digital finishing
Digital finishing, often misleadingly referred to in the print and packag-
ing industry as ‘Digital Die Cutting’ is not a technique to cut dies but to
replace them. 

A traditional die is a series of metal blades set into a block. The dies are
expensive and time-consuming to manufacture, even before operators
have to fit them onto the machinery and accurately adjusted them for X,
Y, R, pitch, yaw and depth. When not in use they must be stored care-
fully and they eventually wear out. One accidental knock can destroy the
tool and in some cases (especially in automotive and electronics compo-
nent manufacturing) dies can take 6 weeks to prepare and cost $50,000. 

In addition to these drawbacks of conventional dies, there are some
materials including abrasives (where the tooling wears out too quickly)
and sticky materials including double-sided adhesives used to apply
vehicle badging (that stick aggressively to the tool) that are unsuitable. 

The correct description for the laser scanning terminology is  ‘Digital
Laser Processing’. Such a process is best for short-to-medium runs. In
the case of the larger motor manufacturers, a  run of 5,000 plastic com-
ponents for a particular vehicle model in one month would still be a
short-run. 

The prototype PCD-10, controlling a 450W beam power from 0 to
99.8% in less than 1 ms.
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There is wide range of cutting technologies at the dis-
posal of the fabricator and within each technology
there are variations that can affect the process capa-

bility, quality and productivity, and hence the cost effective-
ness. Consequently, it is far from easy to make fair and unbi-
ased cost comparisons of different technologies. The first step
is to understand the key features and benefits offered by the
processes being compared and by way of illustration this arti-
cle will compare oxy-fuel, plasma, laser and waterjet cutting.
Although the punch-press is favoured where large batches are
concerned, mechanical techniques are not included here.

The profile cutting arena is complex, with a number of processes
vying for position and with technological innovations coming
thick and fast. Over the last decade the structure of the cutting
market has undergone some fundamental changes, with clear
shifts in usage patterns between the various processes. It is hard-
ly surprising that some fabricators are bewildered by the choice.

Perhaps the first question to ask is "does the process cut the mate-
rials I want and at the thickness I need?" Comparison of material
and thickness capabilities is complicated, but a simplistic analy-
sis is shown in Table 1. Next comes the question of cut quality,
which may well be a critical factor in the choice of process.
Bearing in mind that cut quality is also dependent on material
type, the general zones of achievable cut quality are shown in
Figure 1.

Production factors affecting choice of method
Cutting processes offer largely complementary technologies,
with each creating its own specific niche, adapted to a given
group of applications. One measure that is often used to compare
the various profiling techniques is cutting speed, which is usual-
ly expressed as straight line cutting speed. In fact this is not nec-
essarily a good reflection of productivity or even cost.
Productivity is more about the speed of producing parts or the
number of components made and although cutting speed is a key
factor, a number of other aspects should be considered including:

• The number of cutting heads/torches (some processes can
operate multiple units);

• Complexity of the component (slow down around intricate
features);

• Number of pierces (the time to initiate a cut can vary from a
fraction of a second to half a minute);

• Software used (all modern profiling systems rely on software
and the choice can significantly influence productivity);

• Material handling capability.

All these points contribute to an effective duty cycle that express-
es the actual cutting time as a percentage of the total time needed
to produce a component. Sheet or plate cutting systems with no
specialised mechanical handling and with simple software may
achieve duty cycles of the order of 50%. Through the use of dual
cutting tables and the standard cutting software offered by most
system suppliers, duty cycles can be increased to 60-70%, while
moving to a complete Flexible Manufacturing System with high
functionality software duty cycles can reach 85%.

Cost factors affecting choice
There are three common measures of cost: £/hr of machine oper-
ation, £/m of cut and £/piece produced. All these measures are
extensively used by profilers, and can potentially give very differ-
ent answers. The way that costs are treated varies from company
to company, particularly in the treatment of capital depreciation
and recovery of overheads, making it very difficult to compare
quoted costs.

There is also a problem of comparing like with like when dealing
with cutting processes. Different processes have different cost
elements, each representing a toleranced variable with some
unknowns (e.g. how long will a lens last or how often will a noz-
zle need replacing). Even when considering a single process such
as laser cutting, performance can vary widely on different
machines from different suppliers. It has even been known for
different operators on identical machines to get some variation in

Table 1. Comparison of material and thickness limitations

Oxy-fuel Laser Plasma Waterjet

C-Mn steel 3-300 0.5-25 1-50 0.5-150

Stainless steel 0.5-20 1-50 0.5-150

Aluminium 0.5-10 1-25 0.5-150

Non ferrous 0.5-15 1-25 0.5-150

Non metal Yes* Yes*

Figure 1. Comparison of precision of cutting processes
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Comparing profile cutting costs
Jack Gabzdyl

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

T: +44 1483 579857   F: +44 1483 244657   E: jack.gabzdyl@uk.gases.boc.com 
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performance and hence cost when cutting simi-
lar parts from the same material.

One rarely considered aspect is the actual com-
pared with the total cost of cutting. Although
the cost of the actual cutting is the key element
of the total cost, the upstream and downstream
benefits of a particular process should also be
considered. An upstream cost benefit for plas-
ma cutting over laser cutting could be the cost
saving of using a lower grade of steel. A down-
stream cost benefit for laser cutting could be
lower welding costs resulting from better part
fit up, another could be eliminating the need to
grind back oxidised edges of laser-cut stainless
steel parts by using nitrogen instead of oxygen
as the assist gas. Although these costs are often
difficult to quantify, they are nevertheless real
and in some cases quite significant.

BOC cost evaluation
In our comprehensive approach to the actual
cost of thermal and waterjet cutting processes,
we broke down the costs into five broad cate-
gories: capital, labour, utilities, gas and other
consumables.

As mentioned earlier, there are a number of ways of accounting
for capital. One type of analysis considers the following ele-
ments:

• Capital cost of the cutting equipment asset (£);

• Maintenance rate (expressed as a % of capital employed);

• Depreciation period (years);

• Projected asset utilisation (hours/year);

• Space cost (£/m2).

People costs can be assessed on the basis of:

• Operator wages (£/hour);

• Overhead factor;

• Number of operators.

The utility costs are often underestimated. All the following
should be included:

• Electricity - cutting power source (laser, plasma, waterjet);

• Electricity - machine power (material handling);

• Cooling - electricity (capital asset cost plus maintenance);

• Compressed air - electricity and maintenance (often taken
for granted).

All thermal cutting processes use gases. Gas use tends to be
highly dependent on the process and its parameters and hence
to evaluate gas cost accurately, the following information is
required:

• Gas type(s);

• Flow rate (m3/hr);

• Unit gas price (£/m3);

• Fixed costs (cylinder rent, delivery charge, gas handling
equipment).

Most processes use a range of consumables including:

Fuel gases: nozzles.

Plasma: nozzles, shields, electrodes, swirl rings.

Laser: nozzles optics (delivery and cavity).

Waterjet: nozzles, abrasive, seals, filters. 

It should be noted that the quantity of these consumables used is
typically a function of production and therefore in order to be able
to attribute costs a "’consumable life’ estimate is required.

BOC has found that the above evaluation gives an accurate oper-
ating cost for each cutting process in terms of £/hr. However, this
needs to be combined with the basic process productivity para-
meters such as cutting speed and duty cycle and some details
relating to the parts being cut (i.e. number, cut length, number of
pierces). The result will be the total part production cost.

This may sound like a complicated and tortuous route to get to a
simple cut cost, but it can be simplified by using a suitably con-
figured spreadsheet. In conjunction with TWI, BOC has devel-
oped a software package, Cutmaster, to make such costings for
internal use (Figure 2). However, as with all computer calcula-
tions, the quality of the answer is a direct function of the quality
of the input data.

Given all the complexities discussed, actual costing examples
would not be very helpful. However, this is the reality of the sit-
uation and there is no point in over-simplification. We have tried
to highlight this complexity and to put some order into it, so that
interested readers will be able to carry out their own more struc-
tured cost evaluation in future.

In terms of comparing different cutting processes the first ques-
tion that needs to be resolved is ‘Does the process meet all the
required needs?’ If yes, then the second question is ‘At what
cost?’

Anyone interested in finding out more about the Cutmaster soft-
ware package should contact the author. The full article was first
published in Welding and Metal Fabrication May 2001.

Figure 2. Sample of the output from the Cutmaster software developed by BOC and TWI
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The use of Laser Welding as a joining process in the
Automotive Industry is rapidly expanding as the
advantages of the technique are becoming more wide-

ly understood. Vehicles are now being designed to make use of
the laser for welding both steel and aluminium; for example,
the Audi A2 body shell is aluminium and has over 30 metres
of laser welding in its construction.

Within automotive body construction, the laser welding process is
most commonly used for the production of Tailor Welded Blanks.
However, it is also used for welding roof panels and floor rein-
forcements in place, as well as completing structural welds around
door openings and front and rear screen apertures, where  single-
sided access in laser welding is particularly advantageous. The
design demands for higher performance materials and narrower
weld flanges is further increasing the number of applications where
laser welding is the preferred process.

In many of the above examples, the body shell is very near to
being finished, making a destructive test to monitor laser weld
quality a costly and undesirable option. The most commonly
used non-destructive technique for welds within the automotive
industry is ultrasonic testing. This process has been found to be
particularly well suited to assessing the quality of spot welds,
but it requires a skilled operator to interpret the results obtained
and it takes a significant amount of time to assess each weld.
Moreover, the ultrasonic process is only able to assess a small
area at a time, so a large number of readings need to be taken to
assess typical laser welds, which in the case of roof welds are up
to 2m continuous length.

Tests have been carried out within the automotive industry to
establish the feasibility of ultrasonic testing for laser welds,
showing the technique to be unreliable, with some bad welds
being assessed as good. The relatively narrow width of laser
welds for this application (typically between 0.7 mm and 1.1
mm, compared to a typical spot weld slug of between 3 mm and
6 mm diameter) enhances the effect of reflections of the ultra-
sonic signal from the edge of the weld and it is believed that this
is the main cause of the unreliable performance observed. For
this reason, as well as the other disadvantages of ultrasonic test-
ing mentioned above, the automotive industry has explored an
alternative non-destructive test method to allow the quality of
the laser welds to be reliably assessed on a statistically viable
basis. 

Development of the Process
During the late 1980’s, when the need to identify a reliable
process for the non-destructive testing of welds was becoming
necessary for both quality (avoiding squeaks and rattles) and safe-
ty (consistent crash performance), two processes were assessed:
ultrasonics and resistivity. The ultrasonic process won out and
was universally adopted throughout the industry as the best suit-
ed to assessing spot welds, but at the same time it was noted that

the resistivity process was better for assessing long welds (e.g.
roller welds) and welds in high strength steels. Some companies
who had purchased resistivity testing devices for trials had
retained the units and a number of welding engineers had experi-
ence of using both techniques. So when, in the late 1990’s, the
more widespread use of laser welding within body assembly cre-
ated the need for an alternative NDT technique, Urban Todal, an
engineer at Volvo (who had been involved in the earlier trials
using the resistivity process and appreciated the limitations of
ultrasonic testing of laser welds) concluded that the resistivity
technique could very possibly provide the solution to this prob-
lem, and should be re-evaluated to establish if it was suitable for
this new application.

The resistivity technique
The resistivity technique was originally developed and patented
by AT&T in the USA. The ownership of the process is now owned
by Physical Acoustics Corporation, (PAC), an American compa-
ny set up by the team from AT+T Bell Research Laboratories who
developed the first acoustic emission (AE) based feedback con-
trol system for spot welds. The resistivity technology was devel-
oped in the same laboratory and introduced to industry by the
AT&T non-destructive testing systems division before PAC (with
a UK subsidiary based in Over, near Cambridge) took it over. 

The resistivity technique works on the principle that when two
materials are joined together by welding, they effectively become
one material along the welded joint, and this mixed material has
a lower resistance than the sum of the separate materials. The

Successful NDT technique for laser welds
Stephen Ainsworth

S. J. Ainsworth Consultancy Ltd.
51 Broad Street  Brinklow  Nr Rugby  Warwickshire   CV23 0LS    www.ainsworth-consultancy.co.uk

T: +44 1788 832375   F: +44 1788 8339060   E: StephenAinsworth@compuserve.com

Figure 1. Principle of the PAC probe. Four spring loaded prongs are
located along the length of the weld to be measured. The optimum pin
spacing (s) is found to be 6.5 mm for checking laser welds.
To take a reading a current is passed between the two outer prongs, first
in one direction, and then in the other, and the resistance between the
two central prongs is measured in each case.
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reduction in the resistance of the joint is effectively a measure of
the quality of the joint: any voids, constrictions or cracks act as
discontinuities in the electrical circuit, either increasing the resis-
tance by reducing the conducting cross section of the mixed mate-
rial, or causing an open circuit.

Operation of the PAC measuring probe
The operation of the PAC measuring probe, the M100, is illus-
trated in Figure 1. The probe has four spring loaded prongs. These
are located along the length of the weld to be measured, the head
pressed down so that each prong makes good electrical contact
with the weld. The optimum pin spacing is 6.5 mm  for checking
laser welds.

To take a reading a current is passed between the two outer
prongs, first in one direction, and then in the other, and the resis-
tance between the two central prongs is measured in each case.
The average of the two readings is displayed on a digital read out
in micro-ohm per cm (µΩ.cm-1). A negative reading on the dis-
play indicates that good electrical contact has not been made, and
the reading should be repeated. A picture of the probe in operation
is shown in Figure 2. 

Results
The M100 probe has been used by a number of Companies for
some time, particularly at Volvo for checking the S80 and V70
Roof Weld. This includes the welding of 0.9mm thick uncoated
mild steel, for which statistical data shows that the following
result bands apply:

0 - 10 µΩ.cm-1 good weld

10 - 12 µΩ.cm-1 probably acceptable

>12 µΩ.cm-1 unacceptable weld

Unwelded steel gives a reading of 21 - 24 µΩ.cm-1.

Similar readings have been obtained in a roof-welding application
for a British-built luxury performance car that joins 0.8 mm thick
double-sided zinc coated steel panels.

Tests run at Volvo over a number of years have shown that the
resistivity process is ideally suited to laser welding, primarily
because it has been shown statistically that this technique does not
give a good reading for a bad weld.

Quality Process 
Procedures at the Laser Welding Cell
The use of NDT is part of a series of quality checks, designed to
verify the consistency of performance of laser welds in a statisti-
cally sound way. This is particularly important where the weld is
part of a completed body assembly (as in roof welding) as
opposed to part of a small sub assembly.

In general within the Automotive Industry, 3 levels of check used
are:

NDT check 1 body in 30

Coupon testing produce, check and destructively
test 1 coupon per shift

Weld destruct weld destruct 3 bodies per year

Non Destructive Testing
In the case of a roof weld, the non destructive test consists of taking
11 measurements per side approximately equi-spaced along a 1.9 m
run of weld, but not within 10 mm of the start or finish of a weld.

Coupon Testing
The coupons consist of sheets of the material being welded by the
laser cell, measuring about 400 x 100 mm. The length of the
coupons is so they can be used to establish the optimum focal
length when setting up the laser and for verifying the performance
of the laser after any maintenance (e.g. mirror cleaning). 

The coupons are located on a stand inside the laser welding booth,
and are welded using an automatic cycle. The completed weld is
measured using the M100 at a number of points, and the readings
are marked on the coupon. The coupon is then sent to the Material
Laboratory, where it is cut in half.

One half has the weld destroyed in a tear test to verify the perfor-
mance of the completed weld, and the other half is sectioned, pre-
pared and viewed under a microscope to verify the weld structure
and width. This process allows the laser weld quality and the M100
to be verified simultaneously. These results are retained as Batch
Quality records.

Weld Destruct
At regular intervals throughout the year, a complete car body is
selected at random and taken from production to weld destruct.
In this process, every weld in the car is destroyed to verify that
it performs as expected, and that all welds are to an acceptable
quality.

In addition to this, complete sub assemblies are taken to weld
destruct, to provide a more frequent, but lower level, verifica-
tion of weld quality. On cost grounds, however, this is not a
practical option for processes such as roof welding since the
cost of the assembly at this stage (the body shell is virtually
complete) is too high.

Figure 2. The PAC probe.
(upper) Digital ohmeter, probe and sample.
(lower) Applying the probe to the sample.
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By using this 3 stage process, the quality and consistency of the
laser welded joint can be established and verified.

Verifying the operator
In addition to there being a quality process to verify the laser
weld, there has also to be a process to audit the performance of
the resistivity device operator. The process used is identical in
concept to that generally used within the automotive industry for
auditing ultrasonic equipment operators. 

A number of laser welded coupons are prepared, usually up to
sixty, a mix of good welds, marginal welds and poor welds. Each
coupon is numbered and the quality of the welds are checked with
the M100. A small number of the coupons are sectioned to verify
the weld condition of each quality level. At regular intervals (e.g.
every 12 weeks) the operator is given a number of coupons to
measure, usually 6, selected at random from those the operator
hasn’t measures for some time.

The results are recorded and compared with the known readings
from each coupon. Operators whose readings agree with the actu-
al readings in each case, within a tolerance limit of ± 3% for the
M100, then the operator is considered competent to continue with
taking the production measurements. If not, they are either
retrained or reassigned as appropriate.

Further Developments
Although originally designed as a laboratory based device, M100
has been found to be surprisingly robust when used in the pro-
duction conditions of the automotive industry. In the case of roof

welding, the device is installed in a cabinet on the end of an artic-
ulated  arm to allow it to be easily moved to any position on either
side of the body roof. This makes it easy for the operator to see
the readings, and avoids any damage to the roof by placing the
device on the roof panel itself.

The probe is connected to the display unit by a coiled electrical
cable, and the measuring head is a push fit into the probe body
itself. The parts that most frequently require replacement are the
pins in the probe measuring head and the cable which connects the
probe to the device. The M100 requires annual calibration. Each
device is supplied with a calibration plate which allows the condi-
tion of the device to be verified at any time between calibrations.

A joint working Group comprising representatives of Volvo,
SAAB, Jaguar, Vauxhall, Opel, Permanova (Sweden) and Physical
Acoustics has been established to develop the M100 unit to better
suit requirements of the automotive industry for data collection and
automatic statistical analysis. In addition, a simple red/amber/green
lamp arrangement is to be added to the probe to give the operator a
quick indication of the condition of the weld.

Conclusion
The M100 resistivity device has proved itself to be a sound non-
destructive technique for establishing the quality of laser welds,
and is particularly suited to use in medium to high volume auto-
motive applications. When used alongside destructive weld-veri-
fication techniques, it has become an essential, statistically valid
means of verifying weld quality without the need to destroy large
numbers of high-value welded assemblies.

We have recently been concerned by a note in the users’ manual
for our RF-excited high power CO2 laser that people wearing
heart pacemakers should not come within 10m of the laser head.
We are particularly concerned because the laser is cited within
10 m of a busy thoroughfare in the factory. What should we do?

At first sight, the Radio Frequency leakage hazard may seem
improbable. Perhaps not surprisingly, however, further investiga-
tion shows that the safety issues are far from straightforward. RF
radiation needs to be treated with care and given serious consid-
eration when establishing safe working practices.

The scope of electronic medical devices is expanding, with items
of increasing sophistication implanted into people. The best
known device is perhaps the pacemaker, which can regulate the
heart and prevent some forms of heart malfunction. There are also
drug pumps, which administer controlled quantities of drugs,
which can be worn internally or externally for a variety of health
conditions. Some pacemaker wearers are well known to have
these devices, for example USA Vice President Dick Cheney, but
most wearers will be unknown.

The high power RF-excited CO2 laser is the only common vari-
ety of laser equipment with the potential to present this particular
hazard. Where the hazard exists, manufacturers of the equipment
should promote awareness of the hazard and make recommenda-
tions usually including the exclusion of personnel fitted with

electronic medical implants from a hazard area (e.g. the 10 metres
radius mentioned in the question) around the source of the poten-
tial RF leakage.

In spite of equipment now being required to meet the European
Electromagnetic Compatibility (EMC) standards, there is a yawn-
ing gap between the words in the safety directives and the EMC
Directive and associated harmonised standards. It is claimed that
there is no evidence of a high level problem in this area – but
EMC Experts are increasingly concerned by the growth of RF
technology coupled with the rapidly increasing use of sophisti-
cated electronics in implanted or worn medical devices. We may
find situations where the interactions between the two causes
degraded functionality resulting in people being injured or worse.

Employers have a duty to assess risks in the workplace and take
the appropriate action. The immediate action for those with work-
place safety responsibilities is to heed seriously the warnings
from laser system manufacturers and to actively request informa-
tion where there is any doubt, then to take appropriate measures
including the establishment of a controlled area around the source
e.g. by posting appropriate perimeter warning signs. In particular,
it is important that people using implanted devices are suitably
and actively warned.

Mike Barrett Pro Laser Consultants

QUESTION AND ANSWER
Are RF-excited lasers a risk to
wearers of heart pacemakers??
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Micromachining is being faced with demands from
manufacturers to increase packing density and
wafer size and reduce structure size and processing

times. In this paper a flexible machine tool and process tech-
nology to meet the demands of large-scale precision machin-
ing is described. It combines high precision xy-translation
tables with a computer-controlled galvo scanner and a high
repetition rate frequency converted solid state laser, to pro-
vide a useful tool for many applications. The example chosen
is the processing of large-scale wafers and panels. 

Most materials have a high absorption in the ultraviolet and as
a result of this pulsed UV lasers are capable of machining small
structures with excellent lateral and vertical resolution.
Excimer lasers with pulse repetition rates in the kHz range and
pulse energies high enough for material processing are avail-
able, but pulse repetition rates in the range of up to 100 kHz are
available from frequency converted solid state lasers including
frequency tripled and quadrupled Nd:YAG at 355 nm and 266
nm respectively, providing. In case of diode-pumped laser sys-
tems, the high quality beam (M2 ~ 1.1) provides a nearly dif-
fraction limited resolution capability.

Machine Description
Precision machining with a UV laser is usually carried out by posi-
tioning the workpiece relative to the laser beam, but  the inert mass
of the workpiece and positioning table limits acceleration and so can
greatly increase processing time, especially when the target points
for the laser process are widely distributed over a large workpiece
area. For fast beam positioning, galvanometer mirror scanning can
be applied. This greatly increases the acceleration and speed of the
laser beam over the workpiece surface since the only inertia is that
of the low-mass rotor and the scan mirrors. 

A scan lens maintains a focus on the workpiece surface as the
beam is deflected off the scan mirrors and with a conventional F-
Theta scan lens (see ‘Optics for scanning systems’ by David
Greening in Issue 14, pp 26 for more details) the lateral deflection
of the focused beam on the workpiece is proportional to the
deflection angle and focal length. The accuracy of angular posi-
tioning is limited both by the angular resolution of the mirror
rotation (e.g. a 16-bit resolution over a typical ± 0.3 rad range
amounts to 9 µrad, compared to a positioning accuracy in the sub-
µm range that can be achieved by moving the workpiece under a
static beam) and by the dynamic repeatability and the thermal

High speed, large area UV micromachining
Andreas Ostendorf*, Klaus Körber, Thorsten Temme

Laser Zentrum Hannover e.V., Hannover, Germany

Robert Bann and Paul Apte
Exitech Ltd, Oxford, United Kingdom

* T: +49 511 2788 0   F: +49 511 2788 100   E: od@lzh.de

Figure 1: Processing of Large Scaled Panels with Scanner and
Positioning Stages.
a (above) schematic layout, including shaded areas showing the subsec-
tions a panel to be micromachined by the scanning UV laser beam.
b (above right) The integration of the scanner device into the machine
frame.
Table 1: Technical Data of Scanner Set-Up

Wavelength 266 nm - 10.6 µm

Scan area (diameter) 25 mm - 120 mm

Working distance (between scan head & material surface) 50 mm – 250 mm

Maximum positioning speed (f = 160 mm) 7 m/s

Accuracy < 2 µm

Step response time (for a 1 mm jump; f = 160 mm) 1,1 ms

Minimum spot size < 5 µm
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thrift of its position encoder. It follows that high positioning accu-
racy for scanner-based micromachining can only be achieved by
limiting the processing field and therefore that a combination of a
galvanometer scanner and high precision stages are required to
optimise accuracy and speed over a large-area panel. Such an
arrangement is shown in figure 1.

In figure 1a the processing area is shown divided into smaller
sub-fields, which are sequentially centred under the fixed scan
head by precision XY stages. The scan system is a ScanLab
ScanGine SK1010 with an aperture of 10 mm. Depending on the
required accuracy and spot size, several scan lenses, regular or
telecentric, with varying focal lengths can be used. The integra-
tion of the scanner device into the machine frame is shown in
the sketch in figure 1b and the performance of the sys-
tem is listed in table 1.

The linear axes  are mounted on a granite block to provide
stability against vibrations and thermal influences and pro-
vide an overall movement of 450 x 600 mm. The maxi-
mum speed of the stages is 500 mms-1 with an acceleration
of 10 m-1. A vacuum chuck keeps the panel in position
during axes motion. The scanner is mounted on a z-axis to
allow the use of scan lenses with varying focal length and
the adjustment to panels with varying thickness. The dis-
tance between workpiece and scan head is measured with
a triangulation sensor. The laser source itself is mounted
on a plate in the back of the machine frame, with the laser
beam guided via mirrors to the scan head.

In addition to the basic machine controls, several fea-
tures have been added to allows the tool to be used in a
mass production environment by less trained personal.
These include:

• Power calibration. The laser power is measured auto-
matically by a power meter. This can be used to
adjust the beam attenuator automatically to ensure a
process-specific beam energy on the work piece.

• Automatic scanner calibration. A high resolution
CCD camera positioned under the scan head can be used
to measure the ratio between scanner positioning steps
and actual displacement on the surface.

• Automatic work piece alignment. By positioning ref-
erence marks under the CCD camera, the position of the
panel can be determined. The workpiece alignment is
carried out by aligning the target co-ordinates instead of
moving the workpiece.

• Automatic beam profile analysis. For quality control
and diagnostic purposes, the beam profile can be
analysed by a CCD camera. 

• Powerful software package. The software is designed
to be used even by inexperienced users. The interface is
mainly based on graphics, supported by a touch screen
panel.

Applications
Manufacturing of Liquid Crystal Displays
One application of the machine tool described is in the
manufacturing of LCDs. These displays are made up of
multiple layers, e.g. an orientation layer for the align-
ment of the liquid crystals and an Indium-Tin-Oxide

(ITO) layer, a transparent semiconductor, to apply an electrical
field to the liquid crystals. For electrical contacts to be made
between front and rear site panel, a 20 to 40 nm polyimide over-
coat must be locally removed without damaging the ITO layer
underneath. One process technology for this task is the structure
printing of the polyimide by flexo-printing with an item-specific
layout (clichée). The printing screens and clichées have to be
manufactured for each LCD design, also in the design and proto-
type phase. A laser-based system for uncovering the ITO-layer
offers high flexibility in LCD-layout, with consequent cost reduc-
tions and shorter development cycles. This is particularly impor-
tant in sectors such as telecommunications, where items such as
cellular phones have increasingly short product lifetimes.

Figure 2. Laser-drilled transfer point on a LCD display, before and after assem-
bling.
(left) The required 200 µm spot size can be achieved either by defocusing the laser
beam or by applying mask imaging techniques. The polyimide layer can be removed
with energy densities higher than H = 0.8 Jcm-2 (the = 10 ns pulse duration) and the
underlying ITO layer remains undamaged for energy densities up to H = 1.2 Jcm-2.
(right) A microscopic view of a laser processed transfer point after assembling and
liquid crystal filling. Besides the ablation geometry, gold balls for the electrical contact
to the other display side can be seen.

Figure 3. Drilling of Copper and Copper-FR4 Multi-Layer Boards
(left) Drilling of a 35 µm thick copper foil by trepanning a focused laser beam. The
laser wavelength was 355 nm, the pulse energy 2.5 mJ with pulse repetition rate 1
kHz.
(right)  Generation of blind vias to an underlying copper layer in multi-layer printed cir-
cuit boards, where in this case the beam was guided along a spiral from the centre to
the outside of the via.

Transfer Points
before LCD assembling                      after LCD assembling
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The laser-based generation of a transfer point with a
diameter of roughly 200 µm is given in figure 2(left).
The laser machine tool described above has generated
up to 2000 contact points on a panel of 350 x 400 mm
in less than 30 seconds. Figure 2 (right) shows a micro-
scopic view of a laser-processed transfer point after
assembling and liquid crystal filling after final assem-
bly. Remarkable is the fuzzy contour of the ablated area
compared to the original. While the geometry of the
transfer point directly after the laser process is circular
with defined edges, polyimide fringes separate from the
edges and diffuse into the contact area after assembling
of the cell, perhaps due to thermal debonding of the
ITO and polyimide layers. However, as shown in the
figure, there is still enough uncovered ITO surface for
an electrical contact between the layers. Test on the
assembled displays have shown an yield rate which is
comparable to a conventional production line but with
a high potential for improvement.

Applications in the Electronic Industry
Scanner-deflected UV laser radiation has a high poten-
tial in the electronic industry. The examples described
here concern the processing of copper and its composites with
dielectric materials. 

Figure 3a shows the drilling of a 35 µm thick copper foil at 25
holes per second. This was achieved by trepanning the focused
laser beam. This technique can also be used to generate blind vias
to an underlying copper layer in multi-layer printed circuit boards
and shown in figure 3 (right). The first copper layer as well as an
dielectric layer can be removed on thin substrates, providing a
promising alternative to hybrid systems which use a combination
of Nd:YAG and TEA CO2 lasers.

Another application in electronics is the generating of electrical
layouts with a minimised structure resolution. The examples
given in figure 4 shows patterns machined on a 5 µm copper layer
on an epoxy substrate and on 25 µm thick polyimide on copper. 

Marking Applications
The marking of plastics with UV laser radiation has been well
established for several years now, in particular the marking of
brittle materials like sapphire and selected glasses. Usually, the
microstructuring of such materials is linked to shorter wave-
lengths like 248 nm KrF or 193 nm ArF excimer laser radiation.
However, by applying low laser pulse energies, sapphire and float
glass can be marked with 355 nm laser radiation. Figure 5 illus-
trates the writing of alphanumeric characters without thermally-
induced cracking. The linewidth shown in figure 5a is approxi-
mately 20 µm with a marking depth of 5 µm. The marking in float
glass in figure 5b shows a depth of only 0.3 µm. The marking is
barely visible by eye, making it particularly attractive for use in
certification or inscribing serial numbers. Depending on the size
of the characters, up to several hundred can be written per second.

Summary and Outlook
A machine tool has been presented, which combines
UV laser technology with beam positioning by galvo
scanner and high precision axes stages. Thus the
machine combines high precision processing of large
scaled panels with high dynamic beam guiding within
smaller sub-sections. In addition to the applications pre-
sented here from the electronic and display manufactur-
ing, this versatile machine tool has high potential in
other areas of micro- and precision engineering, includ-
ing the marking of chip substrates and rapid prototyp-
ing. It can be used to perform a wide variety of process-
es from volume production to research.
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(left) Ablation of a 5 µm copper layer on an epoxy substrate. Lines with a width of 10
µm were machined using a 56 mm focal length telecentric scan lens, which focuses
the laser beam down to about 4 µm diameter. The laser had an average output power
of PAV = 1.5 W at l = 355 nm with a pulse repetition rate of fP = 10 kHz.
(right) Samples in 25 µm thick polyimide on copper, showing 25 µm wide tracks.

Figure 8: Marking of brittle materials with a UV laser.
(left) Marking on sapphire with a linewidth of approximately 20 µm and a marking
depth of 5 µm.
(right) Marking on float glass to a depth of only 0.3 µm. The marking is barely visible
by eye, making it particularly attractive for use in certification or inscribing serial 
numbers.
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Often in industrial single-pulse laser drilling applica-
tions, gas is blown through a co-axial gas nozzle
between the processing optics and the workpiece, pri-

marily to protect the processing optics from being covered by
ablated material. It is often believed that the gas jet can
improve the drilling process, in particular by blowing the final
piece of molten material from the exit of the hole. In this paper
we investigate the effect of a gas jet on the probability of an
‘open’ hole being formed. We also show regimes under which
the gas jet has a detrimental effect and investigate its effect on
the depths of ‘blind’ holes in thicker sheets of titanium. 

The experimental arrangement used to investigate gas jet effects
used a simple focussing head with a co-axial nozzle mounted nor-
mal to the workpiece. A rotating disc of acetate film was interposed
between the optics and the workpiece to protect the optics from
ejected melt during drilling without a gas jet. In experiments with
a gas jet a similar piece of acetate film was placed between the pro-
cessing lens and the nozzle to ensure that the focal position was
maintained between experiments. Each hole was drilled with a sin-
gle pulse while moving the workpiece on an x-y translation stage.

Figure 1 illustrates a typical entrance and exit hole in 0.8mm thick
titanium, drilled with a single pulse from a Spectron Laser Systems
SL801 Nd:YAG laser operating with a fixed Q cavity. This laser
produces pulses of approximately 0.1ms in duration, with each
pulse consisting of a series of random spikes, each of typical length
1µs, and typical separation 1µs. The holes show a size variability
of approximately 10%

Figures 2a and 2b presents the percentages of holes where success-
ful breakthrough was achieved in material of thickness of 0.45mm
and 0.8mm, respectively, based on arrays of 1000 holes. Results are
shown for different pulse energies, with and without the use of a

gas jet. Compressed air was chosen for the gas jet for compatibili-
ty with common industrial laser drilling systems and the pressures
relate to measurements at the entrance of the nozzle. The nozzle
had an exit diameter of 1mm and a 4 mm stand-off distance from
the workpiece.

Effect of processing gas in the single pulse
laser drilling of titanium

William Rodden*, Sean Kudesia, Duncan Hand and Julian Jones
Department of Physics   Heriot-Watt University

Edinburgh  EH14 4AS
*T: +44 131 451 3649    F: +44 131 451 3136   E: W.Rodden@hw.ac.uk

Figure 1 Typical entrance and exit holes (inset) in 0.65mm thick 
titanium.

Figure 2. Breakthrough percentages with and without a gas jet. (a)
0.45mm thick titanium; (b) 0.8mm thick titanium 
In both cases the quoted pressures refer to measurements at the nozzle
entrance.
The 2 bar and 4 bar curves represent the increase in the breakthrough
percentage with a gas jet relative to that obtained without a gas jet (i.e.
(% with gas jet) – (% without gas)). Regions in which these curves are
positive are thus regimes in which the use of a gas improves break-
through and negative regions are those in which the gas hinders break-
through.

a.

b.
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As the pulse energy is increased, the transition from a breakthrough
percentage of zero to 100% breakthrough is seen in figure 2 to be
steeper for the thinner (0.45mm) material, presumably because in
the thinner material a small variation in the hole depth with laser
pulse energy will result in a larger variation in the exit diameter.
This can be understood qualitatively by referring to figure 3. 

For 0.45mm thick material only, regimes in which the use of a gas
hindered breakthrough were observed. For the 0.8mm thick tita-
nium the low pressure gas was found to hinder breakthrough
whilst the high pressure gas was found to hinder breakthrough at
lower energies but to assist it at higher energies. It is suggested
from these measurements that there exist two competing physical
processes when a gas jet is used. These are illustrated in figure 4. 

In one process the pressure of the ‘assist’ gas impedes the ejection
of molten material, resulting in a reduced breakthrough percentage
at a given energy. It is clear from the significant amount of back-
deposition of molten material on to entrance surfaces of workpieces
drilled with a gas jet that the gas pressure is sufficient to force eject-
ed melt back towards the sample. In the second process the pres-
sure of the gas helps remove the final piece of melt from the rear of

the workpiece just at breakthrough, when the vapour pressure is
expected to be released. This process would become more impor-
tant nearer breakthrough (i.e. at higher energies) consistent with the
4 bar curve for the 0.8mm thick material. 

As a partial test of this hypothesis blind holes were drilled in tita-
nium. For blind holes only the process hindering material removal
should be observed, since no breakthrough point is reached.
Figure 5 illustrates typical sections for blind holes drilled with
and without a gas jet and it can be seen that the gas jet results in
a hole less deep than that obtained with no gas. 

Conclusion
The effect of a gas jet on the percentage of holes breaking through
0.45mm and 0.8mm titanium found that for different pulse energies
the gas jet could have an assisting or hindering effect on break-
through and hole formation. The can be explained in terms of the
gas pressure hindering the ejection of molten material for most of
the hole formation, but assisting the ejection of the final piece of
molten material. This was partially tested by drilling blind holes in
which only the effect of the hindering mechanism was observed. 

A gas nozzle is often the most convenient means to protect pro-
cessing optics from ejected molten material. However, this  results
in back-deposition of molten material onto the entrance surface,
which may be a disadvantage. Moreover, we have shown that a gas
jet is not an indispensable part of a drilling system and that 100%
breakthrough is achievable without its use. Clearly, the common
use of the term ‘assist’ gas is misleading in this context.
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Figure 3. Schematic diagram showing how the penetration of holes
in thinner material is more sensitive to shot-to-shot variations in
hole depth for pulse energies in the transition region where break-
through percentages increase from 0% to 100%.

Figure 4 Illustration of how a gas jet can both hinder and assist the
removal of molten material and hence hole breakthrough.
(top) Molten material is ejected from the front of the hole by the metal
vapour pressure and the pressure of the gas jet impedes the process.
(bottom) When the hole breaks through the rear surface of the workpiece
the metal vapour pressure is released and the pressure of the gas jet
then helps remove the final piece of melt from the rear of the workpiece.

Figure 5. ‘Blind’ holes in Ti. (a) Section of a hole drilled without an
‘assist’ gas, and (b) section of a hole drilled with an ‘assist’ gas (4
bar and 2mm stand-off).
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Hybrid welding techniques (MIG/MAG- and WIG-
laser) have been known since the late seventies. At the
time, their development was motivated by a desire to

achieve increased depths and speeds with the limited CO2
laser powers available, but the higher laser output powers
now available have enhanced the potential of using hybrid
welding techniques. 

In laser beam welding the concentrated power of the laser enables
a keyhole to be established and compared to conventional weld-
ing techniques, results in a lower heat input into the workpiece.
This makes for efficient use of energy in high power laser pro-
cessing, especially high processing speeds. However, the
exploitation of the laser typically requires a high precision of edge
preparation and positioning of the parts to be joined, since  rela-
tively small gaps or misalignment lead to unacceptable seam fail-
ures. Additional filler material is often used to produce high qual-
ity joints with poor edge preparation, but this introduces  higher
adjustment requirements and reduced welding speed. 

By contrast, in arc welding the power is provided with much high-
er electrical efficiency (60 – 80 %) than laser energy but the heat
energy is transmitted from the arc to a column of gas (the arc dis-
charge) and into the weld seam via conduction from the work-
piece surface, so the energy density achieved is much lower. This
poor energy distribution leads to relatively wide seams,  post-pro-
cessing (caused by distortion) and reduced welding speeds. On
the other hand, the gap bridging properties are much better than
with laser beam welding. The MIG/MAG welding operates with

melt-off electrodes which can fill gaps and influence the metal-
lurgical properties of the weld material.

By the combination of two welding techniques the benefits of
both processes are linked synergetically. This opens new ways to
increase efficiency, productivity, and enables new engineering
and design features. The use of a laser beam on combination
offers the possibility to produce larger seam depths in one-pass
welding while the arc-weld energy is used to increase welding
speeds and to bridge gaps.

Process development
In many welding applications the occurrence of gaps are hard to
avoid and this usually results in the use of additional filler mater-
ial, with the added benefit that extrusion compound alloys have a
hot crack affinity. For such applications the greatest potential for
hybrid welding is therefore expected to be in combination of
laser-MIG-arc-welding.

Industrially-proven laser and arc welding systems are offered
commercially but the combination of both has not yet been
realised for industrial needs. We have therefore developed a
hybrid welding head that combines the necessary laser beam
optics and arc welding elements. The head is compact and inter-
faces to standard arc-welding unit. To permit high process stabil-
ity, the head includes a gas conduction device to combine the laser
beam with the electric arc under shielding gas protection. 

The first step in this realisation was to develop a hybrid welding
head that can be combined with different laser and arc welding sys-
tems. A modular concept for the construction and design was cho-
sen, including the focusing optics, the nozzle arrangement of the
assist gas and electrode, and an adjustment unit for the positioning
of the components. This concept allowed the use of standard

Innovative hybrid welding in an industrial application
Stefan Kaierle*, K. Bongard, M. Dahmen and Reinhart Poprawe

Fraunhofer Institut für Lasertechnik
Steinbachstraße 15, D-52074 Aachen, Germany
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Figure 1. Illustration of the principle of the laser-MIG-arc-hybrid
welding process.

Figure 2. principle of nozzle arrangement for a hybrid welding head
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reflecting mirrors and lenses to focus the laser beam, with the opti-
cal elements protected by a cross jet against weld fume and spatter.

With regard to optimising the arc welding process the following
requirements for the welding head were stipulated:

• perpendicular incidence of laser beam;
• electrode angle between 20º and 30º (piercing, to influence

manipulation of humping);
• shielding gas almost perpendicular to work-piece surface to

avoid injector effect;
• nozzle set-up without beam transmitter to avoid contamina-

tion and to be able to operate at high CO2 laser powers;
• water cooling unit for thermally-stressed parts;
• utilisation of standard parts for cost savings.

The technical simplest and most economical realisation would be
to use a standard welding torch, but to avoid obstructing the laser
beam the coaxial shielding gas nozzle of the arc electrode would
have to be located too far from the processing zone to prevent
atmospheric gas adversely affecting process stability. Instead, a
nozzle concept shown in figure 2 was developed. The nozzle
arrangement includes a truncated centre cone (core nozzle) with a
hole for the laser beam and an electrically-isolated casing cone
(outer nozzle) which is concentrically located around the inner
cone. The eccentrical arrangement of the hole provides the guid-
ing for the filler wire. 

The shielding gas is delivered through the annular gap between
core and outer nozzle in order to establish a gas flow as shown by
the arrows in figure 2. Most of the shielding gas flows into the pro-
cessing zone but  a small flow is directed through the laser beam
aperture to prevent environmental contamination of the process gas.
Figure 3 shows such a hybrid industrial welding head, comprising
a nozzle arrangement, adjusting unit and focusing optics.

To minimise plasma shielding, helium gas mixtures are common-
ly used in CO2 lasers applications. For beam powers up to 6 kW,
mixtures of helium and up to 55 % argon can be used, but the laser
beam penetration is greater the higher the percentage of helium
and for heavy section welding above 10 kW the use of pure heli-
um is generally essential.

Industrial application: welding of oil tanks
The hybrid welding process MIG arc and CO2 laser was qualified
for an industrial application, to build up a manufacturing cell for
welding of oil tanks, where material thickness varied from 5 mm
for the smallest tank up to 9 mm for the bigger tanks. The aim was
to replace the conventional GMAW welding by laser beam weld-
ing to increase operating speeds, improve seam quality, and
achieve single-pass welding. Previously, the tanks had to be weld-
ed from both sides and welding inside the tank was particularly
difficult due to the limited space and fume build-up inside the
tank.

The edge preparation was carried out as a shear cut and thus
had a slight V-joint characteristic. The gap varied between 0
and 1 mm which previously caused difficulties in cold wire
welding. Due to the tolerances in edge preparation and possible
misalignment of the tank on the turning mechanism, a seam
tracking device was required. Standard inductive and optical
seam trackers were tested for the application but a tactile seam
tracking system turned out to be the best solution for the task. 

Figure 3. Industrial hybrid welding head for combined MIG-arc and
(in the shown set-up) CO2 laser beam welding

Figure 4. Welding of oil tanks with hybrid welding process CO2

laser + MIG arc.
The weld seams was constrained to be carried out in circular geometry
and a welding position at 45º was employed to use gravity to assist the
formation of a keyhole without losing material.

Figure 5. Cross sections of hybrid welded oil tanks (material:
S235JR, DIN EN 10025) at material thickness 5 mm (left) and 8 mm
(right)
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For a small tank of 1.6 m diameter the welding time was less
than 3.5 min at a welding speed of 1.5 m/min at a laser power
of 5.7 kW and a MIG source of 240 A @ 29 V. As shown in fig-
ure 5 and supported by X-ray photography, the weld seams are
free of pores and holes, with no cracking. Indeed, the seams
have been certified by the German TÜV as meeting the high
quality requirements for tanks for underground storage of oil. 

In a later development by the same customer, a flexible manufac-
turing cell incorporating the hybrid welding process was
installed. Figure 6 shows the prototype welding handling system
designed for this specific application, a double cantilever system
equipped with one CO2 laser, to move between one welding sta-
tion and another. An oil tank could be processed on one welding
station while another tank is being loaded on the other. Since
loading/unloading took almost the same time as welding one cir-
cular seam, the laser on-time was almost doubled, thereby offset-
ting the high laser costs. 

Conclusion
The coupling of laser and arc in hybrid welding provides a more
flexible and precise welding process that can be more easily adapt-

ed to material properties and manufacturing requirements. The arc
welding process provides additional power to the welding process
which leads to an increased weld pool size and a greater tolerance to
gaps and misalignment while the lower rate of cooling reduces the
hardness in the weld pool and heat affected zone. Where melt-off
electrodes are used in the arc welding process the power of the arc
can be used for increased welding speeds. The overall efficiency of
the hybrid welding process is increased by about 40%. In many
cases existing laser welding systems can easily be adapted to hybrid
welding processes by use of the flexible hybrid welding head.

For oil tank welding a complete handling system was developed
incorporating a hybrid welding head, a seam tracking system, the
motion axes, the control, the beam guiding system, and the han-
dling. The process was successfully certified by the German TÜV
and is now approved for the production of hybrid welded oil
tanks. A double-station handling system has been successfully
brought to industrial operation.

This paper is a summary of a paper presented at the ICALEO conference
(Dearborn, MI USA 2-5 October 2000). The full article is copyrighted by
Laser Institute of America, from whom the conference proceedings are
available.

Figure 6. Industrial designed hybrid welding system for production of oil tanks   (left) laboratory set-up and (right) industrial set-up
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Diode laser transmission welding is a relatively new type
of joining process for polymeric materials. A laser
beam in the near infra red region of the spectrum will

pass through thermoplastics yet will be absorbed by additives
in the material such as pigments, bulk fillers and strengthen-
ing media. In this work we have used a high power diode laser
to demonstrate the feasibility of joining nylon reinforced with
up to 30% glass fibre.

Thermoplastics readily absorb radiation in the far infra red (IR)
region yet are transmissive in the near infrared.  This makes them
relatively easy to process using CO2 lasers with their output wave-
length of 10.6µm. However, the use of Nd: YAG lasers is less
common as their output, 1.06µm, falls within the region to which
polymers are intrinsically non absorbing.

Traditionally, the absorption characteristics of additives e.g. pig-
ments, fillers and reinforcements in the thermoplastic, determined
whether lasers in the near IR could be used for laser processing.
More recently, transmission laser welding has developed for over-
lap type joint configurations in which, with judicious control of
additives, the top half of the joint can remain transmissive while
the bottom half can be engineered to absorb sufficient energy to
cause melting at the interface and thus facilitate welding. An addi-
tive such as carbon is ideal for use in this respect as it absorbs
readily in the near infra red.

Laser transmission welding offers several advantages over the
more established plastic joining techniques. Unlike vibration/
ultrasonic welding it is a non contact technique and is less like-
ly to damage electronics and other sensitive components. And
whereas most vibration/ultrasonic and hot plate welding facili-
ties contain significant amounts of tooling which is specific to
the component, laser transmission welding requires little 
dedicated tooling.

The commercially availability of high power diode lasers having
outputs in the near
infrared raises the possi-
bility of using these
devices for transmission
welding of thermoplas-
tics. These lasers are
reliable, easy to use,
compact systems that are
capable of producing a
relatively large output
spot. Systems are now
available having up to 4
kW power output, this
provides sufficient
intensity to give broad

welds at industrially acceptable processing speeds. Their com-
pact nature allows robot mounting of the laser, a situation that
allows a multi axis, flexible-manufacturing system for welding
plastic components. 

Work using IR lamps has established the transmission character-
istics of certain pigments yet little is known about additives such
as bulk fillers and strengthening media. This includes glass-rein-
forced nylon, which is a widely employed engineering polymer
for such important uses as under-bonnet automotive components
including manifolds and hydraulic cylinders.

Experimental results
In this study the welding was conducted with a Rofin 1.2kW
diode laser, which has an output wavelength in the near infra
red, at ~940 nm. The welding was conducted using 3.2 mm
Nylon plaques and the first step was to measure the amount of
energy transmitted, as a percentage of full beam power, through
glass fibre reinforced Nylon. The results shown in Figure 1
reveal that the unreinforced nylon absorbs or scatters 20% of the
incident beam and that the presence of glass increases this sub-
stantially. However, the difference between 15 and 30% glass
reinforcement is seen to be relatively small; 35% transmission
for 30% glass reinforcement as opposed to 43% for 15% rein-

Diode Laser Transmission Welding of Nylon
Ian Pashby*, Brian Bryden and Stuart Barnes

The University of Warwick
Warwick Manufacturing Group   School of Engineering   Coventry   CV4 7AL UK.

*Present address: School of Mechanical Materials Manufacturing, Engineering & Management, Nottingham University, NG7 2RD
T: +44 115 951 4012    F: +44 115 951 4000   E: Ian.Pashby@nottingham.ac.uk   

Figure 1. Transmission weld testing.
(left) Transmission welding set-up. (right) Lap shear welded samples.

Figure 1. Diode laser power transmitted through 3.2mm thick samples
containing no glass, 15% and 30% glass  reinforcement by weight.

unreinforced        5% glass          30% glass
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forcement. Despite these losses there was no visible evidence of
damage to the material, even after 10 seconds of exposure at the
test power of 50W.

The transmission welding set-up is shown in Figure 2. This fig-
ure also shows the dimensions and construction of test pieces,
comprising two pieces clamped together to ensure good surface-
to-surface contact. The absorbing medium (i.e. the lower Nylon
layer) was a 1% by weight carbon black, 30% glass-filled
Nylon. 

Transmission welding was conducted at a constant power of
100W. At focus this laser produced a 5mm x 0.3mm rectangular
spot, but the samples positioned 20mm below focus to give a
weld width of 10mm. 

Tensile testing of the parent material used in the welding trials
produced the average failure loads shown in Figure 3. These
results are to be compared with those of Figure 4a and 4b, which
show how the load required to fracture the joint varied with pro-
cessing speed for the 30% and 15% glass-reinforced material.

Both parts of the figure reveal a decline in joint
strength with increasing processing speed, slow
at lower welding speeds and  increasing when
processing speed exceed 3.6 m/min. It would
appear that at the chosen laser power there is
insufficient energy reaching the interface to
effect a satisfactory weld as the processing
speed rises.

Considering the difference in transmission
between the two levels of glass reinforcement
(Fig. 1) it may be expected that strength levels
in the welded joints would be maintained to
higher processing speeds in the material having

15% reinforcement, as more energy is available at the joint inter-
face. However, in practice this has made little real difference in
the trials reported here. 

Conclusion
Diode laser transmission welding of glass reinforced nylon has
been demonstrated. The work has shown that broad welds having
in excess of 70% parent material strength can be produced in
glass reinforced nylon at speeds of up to 3 m/min. No significant
difference has been identified between the two levels of rein-
forcement used in this study but further work is needed to inves-
tigate fully the relationship between reinforcement levels, pro-
cessing speed and diode laser power.

Figure 3. Lap shear failure loads for 3.2mm thick samples containing no glass, 15% and
30% glass by weight reinforcement.

Figure 4. Failure Load for diode laser transmission welding as a
function of processing speed 
(a) 30% reinforcement   (b) 15% reinforcement

30% glass, black     15% glass, clear       30% glass, clear
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This paper is a summary of a paper presented at the ICALEO conference
(Dearborn, MI USA 2-5 October 2000). The full article is copyrighted by
Laser Institute of America, from whom the conference proceedings are
available.

Ian Pashby graduated in metallurgy from
Sheffield University and joined Warwick
University following a time at Rolls-Royce. At
Warwick he worked in several aspects of mater-
ial processing, laser processing dominating in
recent times. In 2000 he joined Nottingham
University as Professor of Manufacturing
Processes, in part to work within the newly
established Rolls-Royce University Technology
Centre in Manufacturing Technology. 

Brian Bryden has an MSc in Manufacturing
Engineering from Warwick University and
joined the university staff following several posts
within the West Midlands engineering industry.
Within the laser processing group his primary
role has been to develop applications of high
power diode lasers. Work in this area has lead to
several patents and the establishment of Hefurth
Laser Technology, a spin-off company intended
to exploit commercial laser applications.

Stuart Barnes has a first degree in metallurgy
and a PhD in machining from Birmingham
University. Following periods at Thompsons
and GKN Technology he joined the
Manufacturing Group (WMG) at Warwick
University in 1992. His work has encompassed
many areas of material processing including the
use of Nd:YAG, CO2 and diode lasers in mater-
ial processing. 
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As with all industrial equipment and its use in the work-
place, cutting and welding with lasers under robot
control requires a documented risk assessment to con-

firm that an acceptable level of safety has been achieved. The
basic requirements for a protective enclosure (or ‘cabin’) to
surround and isolate such laser work imply that cabin walls
and windows must be opaque at the laser wavelength  and
that the design must provide safety in fault conditions as well
as during normal operation. Today, the operation of many
such installations include provision of a person to provide a
visual check that fault conditions have not developed, but the
trend is moving rapidly towards fully unsupervised operation
and this must be reflected in more stringent enclosure design.

The regulatory framework for Europe is the Machine Safety
Directive 89/392/EWG, which in the present context describes the
risks emanating from laser use and sets objectives for protection,
and requires the manufacturer to (in order of priority):

1. Eliminate or reduce risks as far as possible (aiming for inher-
ently safe machine design and construction);

2. Take the necessary protective measures in relation to risks that
cannot be eliminated;

3. Inform users of residual risks, indicate whether any particular
training is required and specify any need to provide personal
protection equipment.

The Directive is supported by basic, group and product harmonised
standards. Although these standards are not legally binding, they
provide a straightforward means of compliance and users will
assume that this will be the case for any CE-marked machine that
they purchase. In this context the main standards are:

EN 60825-1 Safety of laser products. Part 1: Equipment clas-
sification, requirements and user guide.

EN 60825-4 Safety of laser products. Part 4: Laser guards

EN 60825-4 Draft Annex D: Requirements and examination
instructions

EN 12626 Safety of machinery - Laser processing
machines - Safety requirements

EN 12626 makes particular reference to the risks to be deter-
mined. Section 5.2 Risk assessment states that ‘Risk assessment
includes but is not limited to the danger zones (particularly those
associated with the laser system, laser beam path/beam delivery
system and the process zone) and hazards created by external
effects (including temperature, humidity, external shock/vibra-
tion, vapours dust and gases, electromagnetic interference, etc.)’
It also states that ‘results of risk assessment shall be duly docu-
mented’.

The manufacturer is responsible for laser hazard classification  as
described in EN 60825-1. Examination of the equipment and

determination of laser class is required to include reasonably fore-
seeable fault conditions. In most industrial situations, achieving
Class 1 is the most important objective. 

The risk assessment
Based on about 15 years experience in the field of laser safety,
observations from start-up operation of laser installations and
malfunctions of software and hardware, we have compiled a
checklist of the functions that need to be checked. The checklist
incorporates all the risks identified in basic, group and product
standards.

Of the various hazardous situations that can arise, perhaps the
most difficult to assess in the present context  are those involving
the direct laser beam and specular reflections off the workpiece
and cabin walls. Figure 1 shows the evidence of such reflections
from marks on cabin walls. This is a dynamic situation, but analy-
ses of the interior of laser cabins after prolonged use reveals the
damaging effect of reflections on electric lines, switches and parts
of the beam delivery system etc. It follows that such strong,
uncontrolled reflections represents a hazard to safety-related com-
ponents within the laser cabin, and must be taken into account
when evaluating the individual checklist points detailed below.

Risk assessment for industrial laser cabins
Erwin Heberer
GELA GmbH

PO Box 1228 63150 Heusenstamm    Germany   www.gela-laser.com
T: +49 6104 4086 0   F: +49 6104 4086 20   E: erwinheberer@t-online.de

Figure 1. Hotspots detected in
laser cabins.

(a) Marks on a sheet of paper
placed on a cabin wall 3m from
the laser processing zone.

(b) Signs of laser damage on the
walls of a cabin following  the
cutting of Aluminium with a 
4 kW CO2 laser.



31

Safety

Issue 23, June 2001 The Industrial Laser User

Risk assessment checklist
This checklist does not claim to be complete, nor do the proposed answers.

Plant
Note Marking

Laser Type 

Laser power

Focal length mm

Laser beam ∆ mm

2 D Plant Yes / No

3 D Plant Yes / No

Plant Yes / No

System Plant Yes / No

Robot work Yes / No

Exhaust Yes / No

Laser cabin Yes / No

Laser cabin
Process

FEL Foreseeable exposure limit

PEL Protective exposure limit

Error

FEL Foreseeable exposure limit

PEL Protective exposure limit

Closed cabin Yes / No

Wall Yes / No

Guards Yes / No

Tested Yes / No

Other Wall components Yes / No

Windows Yes / No

Combustibles material Yes / No

Burn time

Process
Welding Yes / No

Cutting Yes / No

Solder / Braze Yes / No

Surface treatment Yes / No

Items
Geometric items Yes / No

Plate Yes / No

Material Yes / No

Clamping fixture
Clamping piece Yes / No

Performance control Yes / No

Software Yes / No

Hardware Yes / No

Mirror Elements Yes / No

Control elements Yes / No

Beam area Yes / No

Reflection area Yes / No

Process observer
Automatic operation

Control cycle time in the laser cabin

To plan Yes or No

Note Marking
Cycle time

Item control cycle Yes / No

Each item

Every X. item

Reaction velocity by error

Type of reaction

Emergency Stop

Normal Stop

Critical Time
Manual operation

Control cycle time of the Laser cabin

To plan Yes or No

cycle time

Process observation

Type of observation

Viewing Windows Yes / No

By Monitor Yes / No

Control of each item

Reaction time by error

Type of reaction

Emergency Stop

Normal Stop

Critical Time

Robot
Swing range mm

Horizontal mm

Vertical mm

Collisions range by error max

Limit

By hardware Yes / No

By Software Yes / No

Collision Sensor Yes / No

Start Control Yes / No

By software Yes / No

By hardware Yes / No

End position Control Yes / No

By software Yes / No

By hardware Yes / No

Flow of material
Note Marking

Material lock Yes / No

Continuous systems Yes / No

Single systems Yes / No

Lift door Yes / No

Sliding door Yes / No

Roll door Yes / No

Performance control Yes / No

Software Yes / No

Hardware Yes / No

Can the plant start with open operation? Yes / No

1 Safety is completely covered by the laser cabin

2 Danger for people

3 No laser beam exposure

4 Software is 100% correct not further safety action 
necessary

5 Software is not 100% correct further safety action 
necessary

6 Not obtainable

7 Not necessary

8 Will be upgraded

9 Taking construction into account

10 No consequences for the safety

11 Test or Product guarantee are available

Marking scheme
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Clarification of the risk assessment
Plant
The information to be listed is used to identify the situation (prob-
ably a fault condition) for which the cabin walls suffer the maxi-
mum laser exposure. Information relating to the type of machin-
ery, system application etc. is used to assess laser cabin design.

Laser cabin
After calculating the foreseeable exposure limit (FEL), the design
of guarding and the proposed material of construction can be test-
ed for performance over the assessed maximum duration of expo-
sure according to proposed new Annex D of EN 60825-4 i.e.
30,000s for automated machines, 100s for short-cycle operation
with intermittent inspection of the cabin walls and 10s for contin-
uous inspection by observation. (See ‘Current state of develop-
ment of the laser guard standard’ by Mike Barrett, Issue 22, p32). 

Process and Items
These entries relate to specular reflections; how they can occur,
how strong they might be and any focussing that might occur by
virtue of the curvature of the workpiece surface. 

Clamping fixture
Parts need to be clamped because robots usually have very narrow
movement margins and there is a risk of collisions. However,
reflections off the clamping, fixtures etc. can present a hazard to
robot control elements.

Process observer
The items are divided into automated or manual, and are used to
determine the critical time for which the laser protective walls,
whether active or passive, need to contain the laser hazard in the
event of a malfunction (see suggested limits under ‘Laser cabin’.)
The critical time analysis is useful, for example, for considering
the  positioning of emergency switches. 

Robot
The information provided here determines the proximity of the
robot head to  the protective wall and how it should be monitored.
If the robot movement is restricted, the entries list the nature of
the limits. A response "Software 100% safe" should give rise to
considerations whether this can really be the case or whether a
residual risk remains which cannot be accounted for.

Flow of Material
The flow of material and the kind of door installed can cause prob-
lems that need careful analysis. For example, rolling doors  need to
be checked for complete closure. For continuous flow of material
care consideration must be given to the possibility of hazardous
laser radiation escaping through the material loading aperture.

Beam Delivery
Items of beam delivery of particular concern included articulated
arms with balancers, under robot control, and bending mirrors.

Worker
As a matter of principle no one should be in the laser cabin dur-
ing processing, so this question should always be answered ‘NO’.

Maintenance
Since it is required to inspect laser guarding at regular intervals, it
is necessary to establish a safe maintenance mode.

Area
The area surroundings the laser machine must be considered. For
example, for open topped enclosures it must not be possible to
look from above.

Comment
After completion, the evaluation should help identify problem
areas and can be shown to anyone concerned with the safety of the
laser process. The cost of achieving an acceptable level of overall
safety, need not be high. In particular, by placing emphasis on
protective walls with a high laser resistance, complicated safety-
critical electronic measures can be avoided.

Note Marking
Are the planned components laser safe according to IEC 60825-4 Yes / No

Is there proof of an examination according to IEC 60825-4 Yes / No

Standing time of the components Yes / No

Beam delivery
Way control Yes / No

Software Yes / No

Mirror Control Yes / No

Limit switch Yes / No

Assembling with tools Yes / No

Laser head control Yes / No

Optic Yes / No

Lens control Yes / No

Worker
Working area Yes / No

Inside of plant Yes / No

Outside of plant Yes / No

Note Marking
Distance to Emergency Stop

Maintenance
Maintenance door Yes / No

Emergency stop with key Yes / No

Door control Yes / No

Bridge inside possible Yes / No

Bridge possible Yes / No

Area
Roof reflection Yes / No

Crane worker Yes / No

Office Yes / No

Maintenance worker Yes / No

Roof lamp Yes / No

Stairs Yes / No

Forklift truck etc (guard with out roof) Yes / No

Erwin Heberer is owner/manager of
GELA GmbH and owner of a patent
on laser protection walls using a
multiple chamber design. He is a
member of the national and interna-
tional committees such as IEC
TC76/WG7 High Power Lasers,
VDE K87 Laser Protection and
DIN7 EN 12254.

GELA has been involved since 1985
in the construction of laser guards
for industrial applications.
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Commercial femtosecond laser sources are becoming
increasingly small and robust and fs-laser materials
processing is rapidly becoming a key technology in

applications requiring micromachining, especially micro-hole
drilling. These lasers offer ultra-high temporal resolution for
spectroscopy and measurement, and minimise plasma shield-
ing and heat affected zone problems in deep hole drilling and
other areas of laser machining. However, the technology poses
significant safety challenges. For example, femtosecond laser
research often involves complex optical arrangements and
several laser wavelengths combined with a lack of suitably
certified safety eyewear and screens. Not surprisingly, the
Laser Zentrum Hannover took the lead to launch a EUREKA
programme EU 2322, to address fs-laser safety issues.

Germany already has a nationally-funded programme, FST,
addressing the broad subject of femtosecond technology. This
25M ecu (incl. 12.5M ecu national funding) 3-year programme
began on 1 February 2001 with 9 industrial partners and 4
research institutes. Work within the FST programme is divided
into 5 areas, one of which deals with safety issues and standardi-
sation and has an allocation of 5.8M ecu over 3 years.
Confusingly, the names of the safety programme in FST and
EUREKA safety programme are the same, but they have different
programme managers.  The FST safety programme is co-ordinat-
ed by Dr W Kautek at the Federal Institute for Materials Research
and Testing Laboratory for Thin Film Technology, Berlin, while
the EUREKA programme is co-ordinated by Dr F Alvenslieben at
the Laser Zentrum Hannover.

As exemplified by figure 1, which compares measured damage
thresholds and Maximum Permissible Exposure levels, a major
area of interest within SAFEST is establishing more realistic
MPEs. For retinal damage studies, this data requires in vivo ani-
mal experimentation and is conducted almost entirely in the USA.
Corneal damage thresholds will be measured within SAFEST for
critical comparison with data from the USA, but controls on ani-
mal testing make it unlikely that the European programme, and
certainly not the programme in Germany, will contribute signifi-
cantly to international efforts to set retinal damage thresholds.

One of the more directly commercial aspects of SAFEST is the
testing of laser protective equipment including safety eyewear
and guarding materials. Femtosecond pulses are in the same time
domain as the electronic relaxation time of absorbing molecules,
and this gives rise to bleaching (self-induced transparency), the
effect of which can be a dramatic fall in the optical density of
absorbing filter materials for these shorter pulses (see ‘Safety eye-
wear for short pulse lasers’ in Issue 18, p21). 

Results to date indicate that in general absorbing filters in glass
are more resistant to bleaching than plastic, but work within
SAFEST will be devoted to the development of absorbers with
faster relaxation times. This work will also investigate ways of
reducing the damage of reflective filter layers resulting from the
high peak powers of short laser pulses.

Another major area of SAFEST is devoted to norms and standards
and laser safety training. In this general area issues such as non-
beam hazard of laser materials processing (in particular fume,
where preliminary results indicate smaller particle sizes for short-
er laser pulses) will be investigated, standards and equipment will
be developed to deal with the special safety issues of short-pulse
work, and safety training programmes for fs-laser users will be
developed.

Opportunities for new partners
At the present time, the Austrian Research Centre in Siebersdorf
have joined the EUREKA programme and interest has also been
expressed from CEA, Fontenay Aux Roses in France. Both
groups have a background in MPE modelling for retinal damage
in the ns and ps range. Netherlands, UK and other partners
involved in the original EU643 programme ‘Safety in the
Industrial Applications of Lasers’ have an interest in expanding
their knowledge to deal with fs-specific safety issues. 

The current situation in the UK is that the Department of Trade
and Industry is not committing funds to EU 2322. However, even
without funding the project offers major benefits to any organisa-
tion working with short-pulse laser technology. Apart from the
status and networking benefits of EUREKA participation, part-
ners gain from their interactions with experts from around Europe
in this rapidly developing technology. Despite the title, the scope
of SAFEST can include work with pulses of duration up to 10ps.

For anyone interested in the subject, LZH plans to establish a
SAFEST web site. Anyone in the UK interested in participating
should contact Mike Green at Pro Laser (T: +44 (0)1235 550522  
E: mikeg@prolaser.co.uk), otherwise Martin Goede at LZH 
(T: +49 511 2788 370  E: gd@lzh.de)

SAFEST: a new EUREKA laser safety project 
SAfety for applications of FEmtoSecond laser Technology

The first international SAFEST meeting took place in Hannover on 29 March. 
We assess the challenges and opportunities offered by this new initiative

Figure 1. Comparison of experimental damage threshold and MPE.
Prior to the release of the new amendment to EN60825-1, the MPEs for laser
exposures of less than 1ns were expressed as a constant Wm-2 (i.e. a thresh-
old fluence (Jm-2) inversely proportional to pulse length). As shown above,
this is not supported by experimental data. In the new amendment to
EN60825-1, the MPEs for short pulse exposure corrects for this, but further
experimental data is required to reliably set MPEs in the femtosecond region.
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The AILU AGM was held at the University of Nottingham on 
4 April and members will by now have received the minutes of
the meeting.

The President, Professor Bill Steen, began by announcing that the
growth in membership of AILU had continued throughout the
year and that recently the number of Corporate Members had
passed the 200 mark, with a total membership currently standing
at 265. This growth in membership was reflected in the AILU
accounts, which showed a 27% increase in membership income
over the previous financial year.

It was also reported that the AILU workshops are gaining a repu-
tation for attracting high quality speakers, many from outside the
UK. Increasingly, these events are offering delegates the opportu-
nity to broaden their understanding of what is happening in the
laser community world-wide and to apply this information to
meet their individual business interests. Attendance at meetings
was up significantly on the previous year, resulting in an approx-
imately 50% increase in income from registration fees. 

As a result of growth in both membership and meeting atten-
dance, and without DTI funding, AILU was in profit over the
year. This result represented a significant step forward for the
Association towards realising its longer-term goal of sustainable
financial viability. 

Bill concluded his report by saying that AILU is now of a healthy
size and that we could begin to address the challenges of improv-
ing the uptake of lasers by UK manufacturing industry.

Extraordinary meeting to be called
In order to encourage more active committee participation by
members, the committee is drawing up proposals for the Articles
of Association for AILU to be changed to permit only one Vice
President, with the intention that this person would be elected
President the following year, and remain as President for one year
only. Also, for efficiency, the roles Secretary and Treasurer would
be combined in an Executive Secretary and the maximum number
of Ordinary Members on the committee would be increased to 12.
An Extraordinary General Meeting of the Association will be
called for 19 September (see listing opposite) to coincide with the
second members’ meeting of the year, to vote on a special resolu-
tion to incorporate these changes into the articles. 

AGM reports healthy growth in membership and workshop attendance 

Financial Year (Nov - Nov)

AILU Membership 
(corporate plus individual)
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Tricks and secrets of ...

Design for Manufacture by Laser

Wednesday 28 November
BAWA Centre, BAE SYSTEMS Bristol

In anticipation....
The first AILU ‘Design for
Manufacture’ workshop
held in November ‘99 was
a lively, wide ranging
meeting. Tim Weedon, who
chaired the meeting, has a
passion for the subject. He
believes that there are
numerous people out there
with many years of laser
experience who don’t
realise that they are sitting
on a mine of valuable
design tips and techniques. 

The ‘99 meeting included a
presentation by Jorgen
Bang Mikkelsen of
Grundfos A/S, Denmark,
who stepped in at the last
minute for a speaker who was unable to attend. During a fasci-
nating description of how Grundfos developed Nd:YAG lasers for
automated welding of their stainless steel pumps, to the point
where they had achieved 100% weld reliability for the last 5
years, he commented that “Manufacturers must not be scared of
using lasers. They bring so many benefits, but the technology can
be hard to implement. First you have to change the design culture.
This is the easy bit. Then you have to change the manufacturing
culture to achieve 100% reliability. This is hard for engineers who
are used to settling for less and throwing away rejects.”

With the Grundfos experience in mind, Tim Weedon observed at
the time that “It is interesting to watch the behaviour of industri-
al laser users who are regularly successful in implementing pro-
jects. A common factor seems to be that they follow a four step
process. 

“First, successful industrial users establish the absolute best that
can be achieved under ‘lab’ conditions: feed rate, penetration, gas
consumption or whatever.

“Second, they calibrate the variability of their real-world, for
example the variations of a robot’s feed rate from the pro-
grammed value or the variation in composition of the parts.

“Third, they back-off from the absolute best to a position that
copes with the determined variability and allows a little margin
for the unexpected.

“Finally, they thoroughly explore the process window to ensure
that they know its boundaries and that it encloses all the pre-
dictable production spread.”

Tim is chairing the second ‘Design for Manufacturing’ workshop
this November. The event includes a tour of the BAE Advanced
Technology Centre and once again it promises to be a lively and
useful day for laser users and forward-thinking design engineers.

August
13 8th Conference on Laser Materials Processing

in the Nordic Countries (NOLAMP)
Copenhagen, Denmark
Contact: Erling Dam Mortensen
T: +45 4525 4630
E: edm@ipt.dtu.dk

September
19 Industrial Laser Technology Review and 

Extraordinary General Meeting
AILU members only
Rutherford-Appleton Laboratory, Didcot
Further info from AILU office

October
3 Laser Job Shop 2001

AILU business meeting
Annual meeting for laser job shops
BOC Gases, Wolverhampton
Further info from AILU office

15 ICALEO 2001 (15 - 18)
AILU-supported event
Jacksonville, Florida
Further info from AILU office (see ad on page 34)
AILU members can register at LIA-member rates

30 Design for Manufacturing exhibition (30 - 1/11)
NEC, Birmingham
Further info. T: +44 (0) 20 8910 7979

31 Lasers in Medium Engineering
Joining Forces in conjunction with Make It with Lasers
TWI North, Middlesborough and Caterpillar, Peterlee
Further info: Carol Fielding 
T: +44 (0) 1223 891162   F: +44 (0) 1223 892588
E: carol.fielding@twi.co.uk

November
11 FABTECH International exhibition (11 - 14)

Chicago, Illinois, USA
Further info. T: +1 815 399 8700

28 Tricks and Secrets of ....
Design for Manufacture by Laser
AILU workshop 
BAWA Centre, BAE SYSTEMS, Filton, Bristol
Further info from AILU office (see adjacent report)

Forthcoming Events
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