
Last year’s ‘What’s New?’ meeting was a great success. This 
year we have ‘What’s New in 2000’ and we hope that 
members will take this opportunity, whether as presenters 

or listeners, to attend this lively session of updates on products, 
services, technologies, standards and other items. After a buffet 
lunch, the AGM will include the election of new committee mem-
bers, a review of the members’ survey conducted at the end of last 
year, and reports on the job shop group, workshops and the 
increasing number of members from outside the UK.
The meeting is being held at De Montfort University, Leicester, 
and members will be given a tour of one of the largest rapid man-
ufacturing research centres in the world. The new £4 million 
Centre for Rapid Manufacturing was launched in July 1999 and 
is equipped with state-of-the-art software and equipment includ-
ing CAD/CAM systems, rapid prototyping and rapid tooling.

The DTI- supported laser job shop mission to the USA will depart 
for Florida on 18 March for a week of visits to East coast job 
shops. Bill O’Neill of Liverpool University will lead the team, 
which comprises John Bishop (The Cutting Edge), Robert Davies 
(City Engineering), Malcolm Hatcher (Laser Profiles), Dennis 
Kent (Carlton Laser Services), Sean Mac Entee (Laserform Dies) 
and Peter Watts (Laser Cutting Company).
During the week the team will visit: Laser Applications Inc 
(Orlando, Florida), Lasertron (Sunrise, Florida),  Laser Fare 
(Smithfield, Rhode Island), Prototech Laser Welding, Inc. (Fraser, 
Michigan), A-Z Manufacturing and Sales (Independence, Iowa), 
Quasar Industries (Rochester Hills, Michigan). These companies 
were chosen as exemplar/world-class organisations in the laser 
job shop business and AILU is very grateful to them for generous-
ly agreeing to participate.  
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AILU’s most popular meeting yet!

USA job shop mission countdown Members meeting on 5 April

Continued on page 3

The recent AILU workshop ‘Laser Cutting: New Technology 
& Techniques’ at the International Manufacturing Centre at 
Warwick University on 15 February, attracted a record 

level of interest and attendance. Total attendance was 95, and the 
lecture theatre was filled to capacity.
The meeting opened with a review of the fundamentals of laser 
cutting by John Powell, to bring relative newcomers to the laser 
cutting business up to speed. Bill O’Neill, who chaired the meet-
ing, then gave an overview of recent advances, with the general 
message that despite its long history and many years of commer-
cialisation, there is currently a growth spurt in laser cutting tech-
nology. Improved beam quality, combined with new optics and 
nozzle designs and improved machine dynamics have set new 
speed and accuracy records for laser cutting of thin sheet, while 
the availability of good beam quality at higher beam power has 
extended the thickness limit for laser cutting to 30 mm (in stain-
less steel) and beyond. Full acknowledgement was given to recent 
results from the Fraunhofer ILT in Aachen, which Bill used to 
illustrate many of these highlights. Included in his review was a 
heavy duty optical pinch which uses a diode laser bar (a source 
normally thought of only in a welding context) for fast cutting of 
steel sheets from a roll! The diode bar heats a thin strip of the 
sheet between two mechanical clamps which then pull and clean-
ly separate the sheet along the heated line.
Cincinnati Inc are one of a small number of manufacturers of a 
new generation of high-speed laser cutting machines. Rick Neff, 
Laser Product Manager at Cincinnati, came from the USA to 
present the key technologies involved. High beam quality is a key 
requirement, so too are dynamic focus control and optimised gas 
nozzle design. High speed/high acceleration linear drives are 
essential, but to utilise the high performance motion system it is 
important to optimise the nesting of parts and use dynamic power 
control to avoid the need for loop cutting of corners. Rapid pierce 
or piercing on-the-fly to minimise the need to stop before starting 

Speakers at the recent laser cutting workshop.  
(left to right) Liz Raymond (Loughborough University), Chris Sutcliffe 
(Liverpool University), John Powell (Laser Expertise), Jack Gabzdyl 
(BOC Gases), Bill O’Neill (Liverpool University), Rick Neff (Cincinnati Inc) 
and Claus Emmelmann (Rofin-Sinar)

a cut is also important. Rick gave an excellent and broad ranging 
overview of flatbed laser machine evolution and CO2 laser tech-
nology, emphasising that advances in laser cutting have created a 
productive, reliable tool for today’s manufacturing challenges. 
The development of the high power diode-pumped Nd:YAG 
laser, with a better beam quality than the lamp-pumped variety, 
offers new opportunities in laser cutting. After reviewing the 
technology, Claus Emmelmann of Rofin-Sinar gave examples of 
3-D cutting with both CNC and robot in mild and stainless steel,  
including a robot cutting system for the laser cutting and trim-
ming of hydroformed parts from the automotive industry. 

Continued on page 2
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A busy and wide-ranging programme of AILU workshops for this 
year is now complete. Highlights include workshops on Laser 
Technology in Microengineering at Sussex University (22 June) 
and on State-of-the-Art in Laser Materials Processing at TWI  
(7 September).
Speakers at the Microengineering workshop in June (held with 
the support of SEATH, the new South of England Electronics 
cluster- see news on p 5) include Andreas Ostendorf, Head of 
Production and Systems at Laser Zentrum Hannover in Germany.  
Delegates will also have the opportunity to tour the extensive new 
laser facilities at the university. Delegates may also wish to enjoy 
the sea air and the other attractions that Brighton has to offer.
Special efforts have been made this year to attract international 
speakers to the workshops, and the State of the Art workshop in 
September, with Clive Ireland in the Chair, has already managed 
to attract several international speakers including Eckhard Beyer 
(Fraunhofer-Institut Werkstoff-und Strahltechnik (IWS) in 
Dresden), Willem Hoving (Philips, Netherlands), Bjorn Wedel 
(HighYAG GmbH) and Dietmar Wagner (LASAG, Switzerland).
Later in the year we have a members-only meeting at the new 
Foresight centre in Liverpool and a meeting on the laser process-
ing of Plastics, including diode laser welding in addition to cut-
ting and marking. All together, an exciting year of events.

AILU and Make It With Lasers™ are again 
supporting the Engineering Lasers exhibi-
tion at the NEC. The exhibition is being 
held from 10 - 13 April and, as in 1998, it is 
being staged alongside Welding and Metal 
Fabrication 2000, Automation and Robotics 
2000 and Subcon, Ifpex and Mach 2000. 
This is the UKs largest manufacturing 
event.
The Engineering Lasers area has been assigned 21 stands in Hall 
2, adjacent to Subcon, but several of the laser machine suppliers 
will be located in other parts of the exhibition. 
Visitors to the AILU stand (L130) will be able to view the new 
pictorial database (see news on page 4) and other features of our 
increasingly popular AILU web site.
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Erratum
‘Guidelines for mounting lenses or windows under pressure 
or vacuum’ by Eddie Judd (Issue 17, p 18)
In the equation given for thickness there was a slight error; the 
safety factor k is missing, and ‘1.1’ should be ‘1.05’  The 
correct equation is

AILU meetings 2000 See us at Engineering Lasers 2000

The start of a new millennium seems to 
have brought a healthy optimism within 
the industrial laser community, at least in 
the UK. During January and February we 
had a record nineteen new members, and 
the first AILU workshop of 2000 enjoyed 
a record attendance. Is this simply a con-
sequence of the relentless 20% growth per year in industrial laser 
sales, or has there been a spurt in the UK?
Whatever the answer, to effectively disseminate information across 
the expanding community of laser users will require us to make 
better use of our web site. Holding articles from back issues of the 
magazine on the site is providing new members with a ready access 
to basic information on laser processing. Other suggestions for 
improving the web site would be gratefully received.
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A note from the editor

Dr Emmelmann added,“The combination of cutting and welding 
tasks within the same machining cell will increase the utilisation 
of the laser and may enable even more innovations for the  
product and production processes.”
The presentations after lunch opened with the David Greening 
Memorial Lecture, a sad reminder of a recent loss to the industri-
al laser community. The lecture, on ‘CO2 laser optics’ was given 
by Nick Ellis of V&S Scientific Ltd. He began with a fascinating 
review of David's career in optics, leading up to the formation an 
growth of V&S. Nick moved on to explain the subtleties of the 
classical beam expander, leading up to the present day with a 
review of modern diffractive lenses and dual focus optics for CO2.
Because of their hardness and brittleness, ceramics and glasses are 
difficult to machine by traditional methods, and Karen Williams 
(Loughborough University) covered the properties of these materi-
als and explained how high quality laser cutting can be achieved by 
manipulating residual stress (see her article on p 15). 
The final two presentations of the day covered work undertaken 
at Liverpool University. In the first, Jack Gabzdyl (BOC gases) 
described the novel laser-assisted oxygen cutting process LASOX, 
where a relatively low power laser provides preheating to control 
the oxygen cutting through thick metal plate e.g. a 1 kW laser to 
assist cutting through a 50 mm thick C-Mn steel plate with a 2-3 
mm kerf, at 200 mm/min. In the last paper, Chris Sutcliffe 

(Liverpool) explained how the geometry of the Minimum Length 
Nozzle (as used in rocket motors) differs radically from the de 
Laval nozzle and offers the potential for efficient delivery of high 
speed gas during laser cutting, with significant improvements in 
cutting performance, particularly for fine machining.
The meeting concluded with a fascinating tour of the robotic, 
CAD-CAM and Rapid Prototyping facilities at the IMC, and the 
delegates and organisers were most grateful to Bryan Bryden and the 
staff at the IMC for helping make the meeting run so smoothly.

The lunchtime exhibition attracted 20 exhibitors. Later, delegates were 
able to tour the impressive CAD-CAM, robotic and RP facilities at the IMC
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In addition to seeing for themselves the work that these job shops 
are handling, the visits will include broad-ranging discussions of  
lasers and related technologies, markets, management, services 
and dissemination. Developments in laser processing markets and 
the implementation of e-commerce are of particular interest, and 
the team will be looking at how UK job shops can benchmark 
their performance against their US colleagues. 
A full report of the mission will take place at The Techno Centre, 
Coventry on 24 May. This morning meeting will include discus-
sion and lunch with the team members, and full details will be 
circulated during April. The formal mission report will be pub-
lished in time for the meeting and will be available separately.
AILU job shop members will be invited to stay on after lunch for 
a meeting of the Job Shop Group, which will be discussing 
Maintenance and Servicing of Laser Equipment and the results of 
their recent survey on this topic (see item opposite).

Job shop mission
Continued from page 1

To mark its 10th anniversary, 
Make It with Lasers™ organised 
a special event at the Queen 
Elizabeth II Conference Centre in 
London on 8 December 1999. 
The Keynote Address was given 
by Lord Sainsbury, Parliamentary 
Under Secretary of State for 
Science. Lord Sainsbury empha-
sised the need not only for the UK 
to push ahead with the develop-
ment of technology, but to put in 
place the mechanisms whereby 
the technology can be utilised on 
the shop floor. 
Other presentations were given by 
Bob John (TWI), Jack Gabzdyl 
(BOC Gases) and Bill Steen 
(AILU president).
At the event, the 1999 Make It 

With Lasers™ Innovation Award was presented to, Surgical 
Innovations Ltd based in Leeds, who utilise three laser techniques 
in the manufacture of precision surgical components in both plas-
tic and metal. Individual units are joined by laser welding, marked 
and accurately cut by laser.
Two companies were highly recommended. The Cloth Clinic, 
from Honiton in Devon, use laser to cut intricate patterns in cloth 
material to produce a lace type product. the laser beam cuts the 
shape out and simultaneously seals the material against fraying, 
without interfering with the fluidity of the garment. ‘Laser lace’ 
has been produced for many well known designers.
AILU member Applied Photonics uses a switched Nd:YAG laser 
to provide semi-quantitative analysis of stainless steel composi-
tion in positions where background radiation and physical restric-
tions excluded the use of more traditional methods, (see article in 
issue 17, pp 26). This allows real-time analysis to be carried out 
remotely, thus saving man-hours and greatly improving safety.

Make It With Lasers 10th Anniversary

(left) A 
laser-manufac-
tured instrument 
for keyhole sur-
gery by Surgical 
Innovations Ltd.
The metal and 
plastic parts 
were laser cut, 
welded and 
marked by 
Micrometric 
Techniques Ltd.

Among the initiatives taken by the newly-formed laser job shop 
group within AILU is a regular monthly survey of economic 
trends. The survey form is easy to complete, with tick boxes  
(increase/ stay the same/ decrease) to indicate current predictions 
on growth of sales and prices, raw materials and hours worked 
per week. Participating members who return the form by the mid-
dle of the month receive a summary of returns a few days later.
A report on the job shop survey on gas costs, completed at the end 
of 1999, will be distributed shortly. 
Finally, survey forms to identify satisfaction (or lack thereof) 
with the maintenance and servicing provided for flatbed laser 
cutting machines will shortly be circulated to members. Its prima-
ry aim is to identify the bad suppliers, who will be made aware of 
the general findings and encouraged to do better. Results will be 
presented at a closed session of the job shop group held after the 
USA Mission report presentation on 24 May at The Techno 
Centre, Coventry.

Job shop surveys

Stuart Moran of Surgical Innovations, winner of the 1999 Make It With 
Lasers™ Innovation Award, flanked by runners-up Janet Stoyel of The 
Cloth Clinic for her ‘laser lace’ and Simon Lawson of Applied Photonics 
for the remote laser analyser of material composition. The presentations 
were made by Hugh Clare of Unilever (right), with Jack Gabzdyl (left) 
representing the Make It With Lasers™ sponsors.

Lord Sainsbury making his  key-
note address

Issue 18, February 2000



Visitors to the AILU web site at www.ailu.org.uk can now access 
our new pictorial database of laser applications The main aim of 
the database is to stimulate new ideas on how lasers can be used 
in manufacturing. The database can be searched by process (cut-
ting, welding etc.), materials (metal, composites, etc.), compo-
nents (medical, electronic, transport) and machines (heavy, light 
and micro), or a user-defined search word can be entered. A list of 
pictures is then provided, each 
one including essential laser 
processing information and a 
summary of the benefits that 
laser processing offers over 
competing processes. 
This work was funded by a DTI 
grant in early 1999, but comple-
tion of the project was delayed 
when a customised search 
engine for the database had to be 
developed. Members are encour-
aged to contribute photographic 
material (with descriptions) to 
add to the database. All pictures 
used will carry the logo of the 
contributor.

A library of pictures, many not included in the pictorial database, 
will soon be available in the members-only area, and should prove 
a particularly valuable resource for members making presenta-
tions  on laser materials processing. Pictures will be able to be 
downloaded in low or high resolution, and include illustrations of 
laser processes and historical pictures of early laser processing. 
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The Applied Optics Division of The Institute of Physics is hold-
ing its biennial  conference from 17 - 21 September 2000 at 
Loughborough University. This conference is the primary nation-
al forum for the presentation of recent research over the full 
range of topics in applied optics and optoelectronics, including 
optical instrumentation and fringe analysis. The conference pro-
vides the main opportunity of the year for the UK applied optics 
community to meet.
Subjects include Adaptive Optics, Manufacture and Testing and 
Optical Techniques for Particle Characterisation Measurement. 
You can find more information about the conference at http://
www.iop.org/IOP/Confs/AOD/. 

The Laser Institute of America is seeking submissions for pres-
entations at the 19th International Congress on Applications of 
Lasers and Electro-Optics (ICALEO 2000), which will be held 
2-5 October, 2000 in Dearborn, Mich., USA.
ICALEO is an international forum for the exchange of technical 
information between users of lasers in industrial, government, 
medical and academic settings, and the scientists, engineers and 
technicians developing these technologies and applications.

A UKCPO ALERTT Technology Mission to Germany, to study 
the technology transfer infrastructure in the general field of pho-
tonics and technical optics, will take place from 3-7 April 2000. 
Key objectives of the mission include the roles of central and 
local government in providing direct funds and an environment 
conducive to technology transfer, regional initiatives and national 
organisations responsible for research, development and technol-
ogy transfer in technical optics and photonics. 
Important organisations in the technology infrastructure that will 
be studied include the Deutsche Forschungsgemeinschaft (DFG), 
Max-Planck-Gesellschaft (MPG), The Helmholtz Society (HGF), 
The Fraunhofer Gesellschaft (FhG), Leibniz Institutes, the AiF 
(Arbeitsgemeinschaft industrieller Forschungsgemein-schaften) 
and the Steinbeis Society, which aids with technology transfer 
from academia into industry and is particularly targeted at SMEs. 
Following the mission a report and presentation (details to be 
announced) will disseminate the findings. 
“What is often forgotten is that for tech-transfer from academia 
there has to be something to transfer! ie good exploitable ideas. 
The culture in Germany is far different from the UK; they have a 
strong technology/engineering culture and the society values the 
profession,” commented one AILU member with many years of 
experience in international collaborative programmes. “How 
many academics in the UK are itching to get-out and do 'it' them-
selves?”  We shall see.

Launch of the web site pictorial database

The new AILU pictorial database
(top) search entry, (bottom left) list  
of found items, (bottom right) one of 
the list of found items, comprising 
picture and essential information. 

UKCPO’s Mission to Germany IoP Optics Conference 

LIA seeks presenters for ICALEO 2000

Issue 18, February 2000



5

Members’ News

The Industrial Laser User

Members’ News
GSI Lumonics™ has received a $12 million 
order from Tower automotive of Milwaukee, 
Wisconsin and Metalsa of Monterrey, Mexico for 
over 44 AM153 modular high-power laser sys-
tems that will be used to cut hydroformed tubes 
and complete truck frames for the Daimler 
Chrysler DR 2002 program. The first systems 
will be installed in April and the full order will be 
completed by year-end. The lasers will be manu-
factured at GSI Lumonics’ Rugby plant and the 
first will be delivered with the AM153 GSI 
Lumonics’ new robotic cutting head and a cus-
tom miniature right angle cutting head developed 
by High YAG of Germany. 
“The benefit of this system with the robotic head 
is the flexibility,” said Patrick D Austin, vice 
president of Sales, GSI Lumonics. “It allows the 
customer to add, delete and move holes where 
needed.”
The AM series robotic cutting head ordered by 
Tower Automotive and Metalsa is an auto-focus 
designed specifically for use in automotive or 
other industrial manufacturing environments 
where demands on quality, production through-
put and durability are extremely high. The rug-
ged, stainless steel laser cutting head focuses the 
laser beam onto the workpiece, maintains focus 

and delivers assist gas while cutting.
Small narrow, lightweight and featuring a unique 
right-angle design, the right-angle design allows 
fibre routing without the loop typically found 
above cutting heads, enhancing access to the 
work area. Quick-change, pre-aligned gas noz-
zles and focusing optics are time savers. An 
optional closed circuit television (CCTV) moni-
toring system provides an image of the cutting 
head’s focal system through the laser optics.

Large Nd:YAG order for GSI Lumonics, Rugby

GSI Lumonics’ new robotic cutting head

Electrox
T: +44 1462 472400  F: +44 1462 472444
E:  sales@electrox.com
GSI Lumonics
T: +44 1788 570321  F +44 1788 579824
E: withnallk@gsilumonics.com
The Cutting Edge
T: +44 1279 306306  F: +44 1279 600225
E: sales@thecuttingedge.co.uk
IRIS
T: +61 3 9214 8600, F: +61 3 9214 5050 
E: eharvey@swin.edu.au
Diamond Tools Group
T: +31 24 371 7791  F: +31 24 371 7790
E: dtg@iae.nl
Laser Lines
T: +44 1295 267755  F:+44 1295 269651
E: corp@laserlines.co.uk
Ferranti Photonics
T: +44 1382 518200  F +44 1382 518228
E: sales@howdenlaser.com
NG Bailey Manufacturing
T: +44 1274 742658  F:+44 1274 723148
E: cut@ngbm.co,uk
Micrometric Techniques
T: +44 1522 509999  F: +44 1522 501901
E: davidenglish@micrometric.co.uk
II-VI
T: +44 1572 771778  F: +44 1572 771779
E: IIVIUK@aol.com
Sussex University
T: +44 1273 678901  F +44 1273 690814
E: C.R.Chatwin@sussex.ac.uk

Contact information
(For advertised Products 

or Services)

An innovative £4 million research and development project com-
missioned by the University of Sussex with Sussex Enterprise, the 
Alliance of West Sussex Electronics Manufacturers (AWSEM) 
and the Electronics Action Group (EAG) was launched by Vice 
Chancellor Alastair Smith and Sussex Enterprise Chairman John 
Peel on Friday the 25th February.
The state-of-the-art equipment and facilities at the South East 
Advanced Technology Hub (SEATH) will be used by small and 
medium-sized businesses in the region to research new techniques 
without the risk of applying new technologies and continually 
having to upgrade products and services. In fast-moving indus-
tries, such as electronics, this will allow prototypes to be created, 
tested and improved to the point of commercial viability, and 
increase the global competitiveness of the companies involved.
‘We have excellent research skills and no shortage of ideas here 
at Sussex,’ commented Prof Chris Chatwin, research director of 
the SEATH. ‘The aim now is to mix electronics, advanced engi-
neering and information technology to produce solutions that 
industry finds useful. Brighton is a natural centre for this type of 
work - it’s central to Sussex, easily accessible and very creative. 
Our vision is to provide world-class advanced engineering and 
knowledge-based technology to businesses in the region, enabling 
them to prosper and improve the regional economy’

Many companies have already shown firm interest in the project, 
bringing forward innovative ideas and applications for new mar-
kets. Shirley Withrington, managing director of Hove-based Field 
Electronics Ltd, said: ‘As a small company, we need the support 
of places like the University to help us move into new areas of 
high-risk technology. We cannot make these moves on our own 
without threatening the financial stability of the whole company.’
Arnold Clenshaw, director of membership and economic develop-
ment at Sussex Enterprise, commented: ‘It gives companies 
access to R & D facilities they could not afford on their own. We 
see SEATH as a cornerstone of our support programme for the 
county’s manufacturing and engineering companies.’
Derek Bond, Industrial Director of the Advanced Technology 
Hub, said: ‘We have established six initial R & D themes for the 
Hub, these have been agreed with industry; however, the 
Technology Hub will be responsive to local enterprise priorities 
and we anticipate that the focus of our activities will adapt and 
change as the Hub develops. This is an exciting new venture for 
the University and the Regional Business community.’
Initial themes include micrometric electronic systems and sen-
sors; time compression and rapid prototyping; internet data com-
munications and e-commerce Image processing and photonics.

State-of-the-art Advanced Technology Hub opens at Sussex University

(Note: AILU Microengineering workshop at U. Sussex, 22 June)

Issue 18, February 2000
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The 500th Scriba laser marker has been deliv-
ered to Lillian Vernon Corporation, a major mail 
order and on-line retailer of speciality gifts, 
distributing merchandise throughout the USA. 
Making a novel and innovative use of laser 
engraving techniques, Lillian Vernon Corp is 
renowned for free personalisation.
Emphasising the Electrox capacity for supplying 
complete laser marking systems, Malcolm 
White, MD of Electrox said, "Delivery of the 
500th Scriba to Lillian Vernon Corporation is a 
major milestone for Electrox and a real vote of 
confidence in our systems capability."
Visitors to the Electrox web site can now view a 
movie clip of a Scriba II marking laser in action. 
Although it lasts just sixteen seconds, the clip 
easily accommodates demonstrations of a num-
ber of Scriba system features including filled 
logos, 2D symbologies, vector scans, bar codes 
and plain text.

Electrox sells 500th Scriba

Laser Lines is please to 
announce the appointment 
of Gary Broadhead as Sales 
Manager responsible for it’s 
range of industrial laser sys-
tems. Gary takes over from 
Steve Knight who after 16 
years with the company has 
left to take up a position 
with Molectron Detectors in 
the USA.
Gary brings to Laser Lines considerable knowl-
edge and experience of the industrial laser 
applications market having previously worked 
for Control Laser, General Scanning and GSI 
Lumonics. 

Martin Cook will take over 
as General Manager of NG 
Bailey Manufacturing from 
1 March 2000.  Martin has 
been with the company for 
three years as director of 
Sales and Marketing. He 
succeeds Cal Bailey who is 
starting a new venture for 
the parent company, 
Switchgear & Instrumentation Ltd.
To coincide with the change, the Bradford 
Company has ordered a new 3 kW Bystronic 
Bysprint Laser system. This complements the 
four existing machines and strengthens the 
Company’s position in the Sub-contract laser 
cutting market.

The UK Millennium celebrations included a unique Millennium clock presented to 
the Queen and the nation by The British Horological Institute based at Upton Hall, 
Upton, near Newark. The brass casing for the clock was manufactured by 
Micrometric Techniques.
“Working from drawings that were e-mailed to us we were able to feed the infor-
mation into our CAD system and produce the clock casing in about three minutes, 
a process that would have taken a traditional craftsman about two days,” said David 
English, Micrometric Techniques Operations Manager.
The distinctive clock frame sections measuring 450 mm high by 250 mm wide and 
3 mm thick were cut on Micrometric Techniques’ latest Bystronic laser, a process 
that could not have been achieved by lasers up until only a few years ago.

Many of us will remember how Ferranti 
became Laser Ecosse and then Howden Laser. 
Now ‘Ferranti’ is back in the name. 
Charter plc’s Specialised Engineering Group of 
businesses, which includes Howden Laser, has 
been sold to Candover for the sum of £195M. 
The name Howden has been retained within the 
Charter plc, hence the name change.  The new 
name of the laser business with immediate 
effect is Ferranti Photonics Limited.

Back to Ferranti

Flamecut Products formed in 1972 and Lasercut 
Products formed in 1979, both based at the same 
Sawbridgeworth site, were consolidated into 

‘The Cutting Edge’ on 1st February. 
The aim is to provide a single source 
for all cut component requirements. 
The new company will provide 
flame, laser, plasma and waterjet 
cutting facilities under one roof.
“This change is in response to two 
clear trends,” said John Bishop, 
Managing Director. “Firstly, we see 
companies striving to reduce the 
number of suppliers they deal with, 
concentrating their trading with a 
few high quality suppliers and sub-
contractors and thereby saving time 

and costs and building valuable commercial partnerships. The second factor is the 
rapid development of laser technology, which is steadily encroaching on the tradi-
tional roles of plasma and flame cutting. With few exceptions, material up to 20 mm 
can now be cut by laser. With the additional option of waterjet cutting, the choice of 
process in now much less defined.”

Change at Laser Lines

Change at Bailey’s

The Cutting Edge

Micrometric manufactures unique clock casing

Laser cutting facilities at The Cutting Edge

Martin Cook

Atlas Dies

Bofa (UK) Ltd

British Aerospace (Military Aircraft 

and Aerostructures)

Carr’s Brush-on Metals

Hybrid Laser Tech Ltd

IPK Broadcast Systems Ltd

Identisys

Joseph Jackson Jr

Laser & Allied Cutting Service

Laser Resale Ltd

Licom Systems Ltd

Marden Edwards Ltd

Numatic International Ltd

SIOF, Italy

Syspal Ltd

Trumpf Ltd

Coherent UK has now completed its move 
from the Cambridge Science Park, up the A10 
to Ely.
The company can be reached at: 
Coherent (UK) Ltd, 28, St Thomas’ Place,  
Cambridgeshire Business Park, Ely CB7 4EX 
T: 01353 658833   F: 01353 659110

Gary Broadhead

Coherent UK has moved!
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Welcome to 
New Members
(since November ‘99)
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Contour Fine Tooling (part of the Diamond Tools Group) has just 
completed the development of a cutting laser that, for the first time, 
allows automated production of high precision diamond tools. 
DTG has a combined research centre in Holland, headed by AILU 
member Helger van Halewijn. Among other things, the facility is 
looking at non-conventional methods of machining diamond and 
though this work they built a commercially viable laser machine. 
‘Our customers are continually experimenting with new materials 
and more exotic lens shapes, so tools have to evolve to reflect 
that. For example, complex asymmetrical lenses will need more 
accurate tools. Currently we can achieve an accuracy of 0.05 µm 
peak to valley, and we aim to achieve 0.01 µm five years from 
now," said Stuart Galer, Contour’s Managing Director. 
Lens manufacturers are experimenting with harder materials in an 
attempt to produce longer lasting molds with greater yields. This 
creates more wear on the diamonds and a reduced life for cutting 
tools. For now all new tools continue to be manufactured in either 
the UK or Holland, because it is from these sites that the compa-
ny can most effectively control the selection of the low-colour 
flawless diamonds that are crucial for a high precision finish.

Lasers for making diamond tools

II-VI has opened an advanced materials Development Centre in 
Saxonburg, Pennsylvania, USA. This 500 m2 facility will house 
development activities for ‘next generation’ products and propri-
etary crystal growth techniques for volume production of 
advanced crystalline materials. Products include optics and E-O 
components, devices and materials for near and far infrared, vis-
ible, X-ray and gamma-ray instrumentation.

Berthold Leibinger Innovation Prize
The international Berthold Leibinger Innovationspreis is awarded 
every two years, for outstanding research work into applied laser 
physics in production technology. Individuals as well as project 
groups are eligible for the prize. 
The prize money of 35,000 Euros will be shared between three 
prizewinners who will receive 20, 10 and 5 thousand respective-
ly. An interdisciplinary international jury from science and 
industry will evaluate the submitted work in terms of its level of 
innovation,  scientific quality, technological creativity, practical 
utility and synergy effects with regard to industrial application.
Professor Berthold Leibinger, Managing Partner of Trumpf 
GmbH, founded The Berthold Leibinger Stiftung GmbH in 1992 
as a nonprofit, private foundation. Its objectives include the fos-
tering of science and research. 
Application forms can be obtained by writing to the Foundation:

Berthold Leibinger Stiftung GmbH 
 Postfach D-71252, Ditzingen, Germany

or from the internet at: http://www.leibinger-stiftung.de
For further information contact: 

 Dipl.-Phys. Sven Ederer
T: +49 (0)7156 / 303-1559  F: +49 (0)7156 / 303-208 

E: innovationspreis@leibinger-stiftung.de
Deadline for submission is 31 May, 2000

II-VI Materials Centre

Erol Harvey left Exitech for his native Australia in January ‘98, to 
take up the joint positions of Associate Professor at Swinburne 
University of Technology and Deputy Director (R&D) of the 
Industrial Research Institute Swinburne (IRIS). At the time he 
became the most distant member of AILU and the first of a growing 
international membership.
“Things have moved rapidly at Swinburne,” he noted, “When I 
arrived two years ago there was no laser research done here at all. 
We are now the largest laser research community in Australia.”
“In June ‘98 an Exitech Series 8000 micro-engineering system was 
installed in its cleanroom and in July ‘98 a Spectra Physics femto-
second system with two OPAs was installed. In February ‘99 the 
femto system was moved to the Swinburne Optics and Laser 
Laboratory (SOLL) which was opened by Prof. Ahmed Zewail who 
went on to win a Nobel Prize for Femtosecond chemistry a few 
months later. At the end of April 2000 Swinburne will open the 
extension to SOLL more than doubling its previous size. This 
expansion is to accommodate the ultra-fast lasers and experimental 
equipment of Professor Min Gu who moved from Victoria University 
of Technology to Swinburne in January 2000, bringing with him his 
6-person research group. Min joins Professor David Booth (fibre 
lasers and new laser development), Professor Peter Hannaford 
(Ultrafast laser Spectroscopy), Dr. Wayne Rowlands (Ultrafast laser 
physics), Adj. Professor Martin Harris (laser confocal microscopy) 
and Dr. Alex Mazzolini (applied optics) at SOLL. Meanwhile, the 
Excimer group has been joined by another Exitech migrant, Dr. 
Jason Hayes, who left for Australia in August 1999.”
“IRIS has established a high power industrial laser laboratory to 
accelerate the adoption of laser technology by Australian industry 
and train students in the area of laser materials processing.  This is 
part of a larger initiative by Swinburne University to become a lead-
ing research and teaching provider in the area of laser processing 
and precision manufacturing. This facility complements the already 
established excimer and femtosecond laser facilities at Swinburne 
University. A major part of the activity in high power laser process-
ing studies is a 3.5kW Rofin Sinar Nd:YAG system delivered 
through a 0.6 mm diameter optical fibre, installed by Associate Prof. 
Milan Brandt who joined IRIS from CSIRO. The laser is fully inte-
grated with a locally designed and manufactured four axis CNC 
motion system. The machine has the capability to process 3D 
objects of maximum dimensions 1750 mm x 800 mm x 600 mm at 
speeds of up to 20 m/min.  The wide operating range of the laser 
combined with the large working envelope of the motion system 
allows the investigation of a wide range of applications from high 
speed surfacing and welding, to drilling, piercing and processing of 
materials with high thermal conductivity and sensitivity to heat.”
“Industrial laser growth in Australia has kept pace with overseas 
industrialised countries in the areas of laser cutting, marking and 
drilling. However, other applications such as surfacing and weld-
ing have had limited growth locally. The Industrial Laser 
Applications Laboratory will address this problem and contribute 
to industry and teaching requirements. The prime objective of the 
facility is to conduct product and process-development research 
leading to the manufacture of new products, increased productivity 
and new market opportunities for Australian industry.  In the teach-
ing role, the Laboratory will provide hands-on experience and train-
ing for postgraduate students in manufacturing, materials and engi-
neering related fields.”

Laser research activities at Swinburne
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Members’ New Products

The Industrial Laser User

Boasting the structure and performance of a 
flat-bed machine, limited overall dimensions to 
save on workshop space and a large work vol-
ume (2500 x 1250 mm), Prima’s new DOMINO 
laser cutting machine is a true 5-axis machine 
that cuts shaped pieces, but can also be used 
effectively to cut flat sheet. 
DOMINO has a flying optics, can-
tilever, unitised structure. It has a 
small footprint and the workpiece 
can be loaded and unloaded from 
the two sides and from above. With 
these features DOMINO satisfies 
the main rules of subcontracting: 
versatility (in every dimension!) 
and low investments.
The wide and diversified land-
scape of subcontracting is growing 
and a new trend towards the third 
dimension is developing as laser 
job shops seek to find a way to 

differentiate them from their competitors. For 
many, the ability to offer 3D processing can 
make the difference. With its unique experience 
in the field of laser machines, PRIMA 
INDUSTRIE believe it is offering the right 
product.

Lambda Photometric
Contact Adrian Harrison
T: +44 1582 764334  F: +44 1582 712084
E:  adrian@lambdaphoto.co.uk

Optilas
Contact David Switzer
T: +44 1908 326326   F: +44 1908 221110
E:  david_switzer@uk.optilas.com

Oxford Lasers
Contact Gideon Foster-Turner
T: +44 1235 554211  F: +44 1235 554311
E:  oxford.ltd@oxfordlasers.com

Prima
Contact Joe Attuoni
T: +44 1789 842880  F: +44 1789 842881
E:  sales@primauk.com

Profile 600
Contact Paul Cartledge
T: +44 1509 602600  F: +44 1509 602660
E:  info@profile600.co.uk

Contact 
information

Oxford Lasers has launched a new UV laser source for writing Fibre 
Bragg Gratings (FBGs) used in optical communications. Operating 
at high pulse repetition rates with low pulse energy, UV-CVL pro-
vides users with significant running cost savings and product quality 
advantages over conventional laser sources. 
“Until now, either Argon Ion or Excimer lasers have been used as 
the UV source in writing FBG’s. UV-CVL provides a new high 
speed approach using proven copper vapour laser (CVL) technol-
ogy. It’s much cheaper to run than its Argon ion laser equivalent 
and also eliminates the risk of fibre damage that’s a common 
problem with Excimer lasers,” explained Andrew Kearsley, 
Group MD at Oxford Lasers.
The new UV-CVL range comprises three models, each generating a 
choice of three UV wavelengths (255, 271 and 289nm) and two 
visible wavelengths (511 and 578nm). Easily capable of generating 
the UV power required for FBG writing, the Oxford Lasers systems 
can produce average powers ranging from 100mW to over 1W. For 
this high UV output power, electrical power consumption is  less 

than 4kW, compared to the 50kW needed by comparable frequency 
doubled Argon ion lasers. 
As a compact, single box UV source, UV-CVL systems are easy 
to install, requiring a single phase 4kW supply, low cooling water 
consumption and no additional gas cabinet installation. 

Auto Trepanning Head
Another new product from Oxford Lasers is the Auto Trepanning 
Head ATH-1. This head is designed to enhance the micro-machin-
ing capabilities compatible of most types of laser. The ATH-1 
achieves high quality holes, with diameter resolutions to within 
0.25 mm. It has built-in axial symmetry to ensure excellent hole 
quality.  The drilling of a succession of multiple, overlapping 
perforations along a circular track (trepanning) accurately defines 
the perimeter of each finished hole. The ATH-1 guides the focus 
of the laser beam in a circle to drill, and then precisely ream, clean 
and sharp-edged holes. Computer-controlled head operation 
allows users to programme hole and trepan diameters and also 
allows the device to operate from a CNC controller.  Trepan diam-
eter ranges can be individually selected to suit the particular type 
of laser and optics available.
The ATH-1 is supplied as a 
complete package for quick 
and easy installation in an 
existing industrial laser drill-
ing system. 

Prima offer a 5-axis cutting machine with 2-D performance 

Members’ new products

Oxford Lasers launches a new UV source for fibre Bragg gratings

The new UV-CVL, an efficient source of UV The new ATH-1 trepanning head
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Members’ New Products

RF Excited sealed-off CO2 lasers
DEOS™ RF excited sealed-off CO2 
lasers offer excellent beam quality, 
inherent beam symmetry, compact and 
rugged packaging, long tube life, high 
frequency pulse repetition rate and 
genuine CW mode operation. 
The standard industrial range currently 
offers 25W, 50W or 100W output pow-
ers. The 100W offers superpulse which 
allows a peak power enhancement of three times over the average 
power level. These lasers feature an efficient folded resonator 
design contained within an all-metal housing. Metal seals ensure 
both long operational life (>20,000 hours) and shelf-lives (>10 
years). The standard laser emits a single longitudinal mode which 
when coupled with the excellent beam quality make it an ideal 
tool for applications requiring the smallest focal spot sizes or 
integration with, for example, acousto-optic devices.
The mechanical design and build standard allow for operation in 
even the most harsh of industrial environments. 

Laser power and energy measurement
Ophir offers a comprehensive range of 
laser power and energy measurement 
equipment, and include a range of 
smart displays. Each smart head (ther-
mal, pyro-electric, photodiode, inte-
grating sphere) is individually calibrat-
ed and can be connected to any display 
without compromising accuracy or 
calibration.  
The newest in this range of detector heads is the Rapid Pulse (RP) 
heads, for the measurement of pulse energy (50 µJ to 50J) of 
lasers with average powers up to 1500 W. The RP can record each 
pulse up to frequencies of 500Hz and sample pulses at up to 
17KHz. Other heads in the range include Thermal Surface 
Absorbers measure CW and long pulse lasers of powers from 60 
µW to 30kW and energies of 0.1mJ to 300J. BFI Optilas Ltd offer 
a comprehensive fixed cost, quick calibration service (typically 2 
weeks) and the Service Department are able to diagnose and 
repair most problems or faults in-house.

Universal Laser Controllers
The LC-597 and LC-597 CD are multi-
functional, programmable Laser 
Controllers offering significant cost 
and performance benefits for both 
users and manufacturers of laser pro-
cessing machines. Designed, devel-
oped and manufactured by laser users, 
the LC-597 family are user friendly 
and suitable for integration with a wide 
range of CW and pulsed CO2 lasers. In 
new laser machines, the LC-597 eases system integration by 
overcoming the need to use CNC or other interface protocol. In 
existing machines, the LC-597 can enhance the machine capabil-
ity by extending CNC capability and thereby improve perfor-
mance quality and efficiency.

Lambda Photometrics 
has been appointed as 
the UK distributor for 
Canadian Company, 
Gentec.
The Gentec product 
range consists of a series of power and energy meters capable of 
measuring up to 50kW/cm2 and 10J/cm2 using a range of detec-
tion devices. Both analogue and digital monitors are available 
offering high accuracy, reliable performance over a wide range of 
power and energy levels from milliWatts to kiloWatts, milliJoules 
to tens of Joules.
Beam diagnostic products are available using both holographic 
and refractive beam samplers with negligible losses and high 
damage thresholds. X and X-Y beam profilers are included in the 
range with software control and a range of displays both numeric 
and graphic.
A beam diagnostic monitor designed for industrial use is included 
in the Gentec range with a 64 x 240 pixel and bargraph display, 
showing energy per pulse, average and peak power, pulse width, 
temporal shape and repetition rate with full computer interface for 
further display analysis and control.

600 Group company Profile 600 will demonstrate the latest ver-
sion of its powerful ‘Lazerblade’ laser profiler, equipped with  
3 kW CO2 laser and automatic pallet loading table, on Stand 5222 
at MACH 2000, NEC Birmingham.
Lazerblade is an affordable 3 x 1.5 m flying optics laser profiling 
machine. It offers excellent performance and productivity, inno-
vative technology, low acquisition and running costs, simple 
maintenance, and the availability of a wide range of productivity 
enhancements.
Lazerblade power options include 1.5 kW, 2.5 kW and now a  
3 kW CO2 laser, while beam path compensation, dynamic power 
control and chiller are all standard. Gas selection is oxygen or 
nitrogen, and the cutting head has both 5 inch and 7.5 inch lens 
cartridges. The control system has integral collision detection and 
damage protection linked to automatic laser shut-down.
Fundamental to Lazerblade’s success is its practical design. The 
machine is intended to provide maximum cutting power for  
metals up to 20 mm thick.
Lazerblade’s advanced features include quick-change lenses, 
handy material reference tables within the control program, 
choice of programming and nesting systems, as well as height 
control features such as ‘head-down’ and ‘piercing-on-the-fly’.
Control is by a GE Fanuc 18i NC with digital AC servo drives, 
while a comprehensive suite of productivity enhancements are 
available including automatic pallet table change, laser power 
options, sheet loading facilities and FMS systems, off-line CAD/
CAM programming systems, mechanical contact height sensing, 
as well as a modem link option for service diagnostics and pro-
cess support.

Enhanced performance from 
‘Lazerblade’

Lambda is new Gentec distributor

Optilas expand laser hardware range 

Issue 18, February 2000
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Laser Job shop
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There are some notable differences and similarities 
between the USA and UK laser job shop markets. The 
USA market is a much bigger market, as is illustrated 

by the fact that more than 750 laser machines per year are 
sold in the USA of which half go into job-shops.  Between 35% 
and 40% of these units, about 150 machines per year, are 
going into new job-shop locations. So despite being a more 
mature market than the UK’s it is still growing. 
Although the ‘numbers’ above are significantly different from the 
UK, the underlying problems and trends being experienced by 
USA job shops are very similar, as are many of the solutions 
being offered.
Referring to figure 1, we can regard a sphere (figure 1a) as repre-
senting the traditional laser job shop, now squeezed on two sides 
(figure 1b) by significant direct market forces designated α and 
β. The α force is caused by the uptake of profiling lasers by steel 
stockholding companies, as a means of adding value to what they 
sell. Their material purchasing cost benefits have enabled them to 
take a significant share of the market, which was originally the 
preserve of the pure laser profilers. In the USA there are two 
industries where steel stockholder profilers have had most suc-
cess; in the thinner material range, automotive, and in the medi-
um to thick steel range, ‘yellow-goods’. However, their success 
is by no means confined to these areas.
The β force comes from the other direction and has arisen as 
customers have increasingly demanded more complete products.  
The second generation laser job shops have come mainly from 
general sheetmetal and fabrication backgrounds, and as such have 
had the advantage of being able to offer customers both the facil-
ity and the experience to provide a more complete service, e.g. 
profile it, bend it, weld it, and if necessary, paint it.
There are several response options for laser job shops to these 
forces. The first option is to accept that the α and β forces will 
take virtually all steel profiling from you, and probably most of 
the thin non-ferrous metals. This still leaves a market for thick 
non-ferrous metals, plus non-metals, to go for. This we will 
define as the Z option. And just as on most machine-tools, Z is 
the smallest axis, the Z option leads to the smallest market. 
However, niche markets can yield good returns, particularly for 
those who are equipped to tackle them with the right equipment, 
for example high powered cutting lasers such as our 4kW units, 
or completely different technology such as water-jet cutting.
Another response is the Y option, which is to go for horizontal 
growth, in an economic sense. This means doing what you do 

The future of the job shop
Ian Fletcher
Trumpf Ltd

President Way   Airport Executive Park   Luton   Beds   LU2 9NL
T: 01582 399258   F: 01582 399260   E: ian.fletcher@uk.trumpf.com

Presentation made at the launch of the AILU laser job shop group, 19 October 1999. Ian was asked to address 
"The Job Shop of the Future" from the point of view of trends in USA laser job shops.

a) The traditional job 
shop 1979 - 89. The 
sphere represents the  
traditional laser job shop, 
their market unaffected by 
competition.

b) The laser job shop 
1999. In recent years two 
significant direct market 
forces have started to act 
on this sphere,  
represented by α and β. 
The α force comes from 
steel stockholders, the β 
force from users (see text 
for details).

c) The third force on the 
job shop of the future: 
increasing direct  
competition, mainly from 
job shops themselves 
striving to increase  
productivity and  
throughput.

d) Action and reaction. 
The three reactions or 
available options to  
external market forces.
X - adding value 
(increased services).
Y - improved efficiency 
and productivity.
Z - move to niche  
markets.

   

  X

   
   

a

c

d
Figure 1  Pictorial representation of the pressures on laser job shops

   

b
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now, but doing it faster, more efficiently, more productively, and 
hence at lower cost. The implies needing and gaining much more 
of the same kind of work.  The technOlogy exists for you all you 
do this, with some examples illustrated in figure 2. These techno-
logical developments can be regarded as a ‘twin edged sword' in 
that they offer solutions to economic pressures, but they do in fact 
cause economic pressures to those who don’t embrace them.  This 
could be called the χ force, which suggests that in reality the job-
shop is being squeezed from 3 sides, as illustrated in figure 1c. 
Although the laser market is still expanding, I believe that if all 
job shops take this option then some, or at least the less commit-
ted ones, will not survive.
The three options, illustrated in figure 1d, may be viewed as three 
reactions to three market forces. On a machine tool the longest 
axis is usually the X axis, and it is not surprising that the X option 
probably offers more room for job shops to grow, if indeed it is 
turnover growth that you want! This move could be considered as 
going for vertical growth, and for many job shops it will be the 
natural consequence of being subjected to β forces. This is the 
area that I wish to emphasise, because this appears to be the direc-
tion that most North American job-shops are moving.

Adding value
One of the best ways to add value is to provide more than flat 
blanks, in other words take a leaf out of the stockholders book.  
The obvious thing to do is to move into the third dimension and 
offer or cater for 3D forms. This could be in one of three ways.
Firstly, by producing forms within panels, such as are often 
required within the electrical and electronic industries (see figure 

3a). Because so much work in these areas has a short product 
life, combination  laser punch-press machines such as our 
Trumatic 600L have a role to play. The laser produces the 
outside profiles and the internal apertures, whereas the punch-
ing head produces forms such as countersinks and necked 
holes in a single hit, or generates louvers beads and joggles. 
This hybrid machine solution, although exploited extensively 
in Japan, and to some extent in Europe, is rarely used in North 
America because of the relatively low floor-space costs and 
utility costs available there. Two single-process machines are 
usually used in these situations, although there are small 
enclaves of combination-users in California, feeding the west 
coast electronics industry.
Secondly, by press-braking after blanking, with a small 
after-market for laser cutting features in press-braked sections 
(usually features which would ‘pull’ or distort if cut before 
bending). Here machines such as our Trumabends will be 
particularly relevant, because when equipped with something 
call ACB or Automatically Controlled Bending by which they 
give highly accurate right-first-time bends (see figure 3b). 
This feature gives the press-brake a viability previously una-
vailable in a jobbing and low batch environment, and one 
which is on a par with the laser profiling machine itself. ACB 
also closes the control loop and therefore allows, for the first 
time, either (those who have not come from a sheet metal 
background to gain) ‘instant experience’ or a realistic ‘robo-
tisation’ of the press-brake as is already happening in 
Sweden, Germany, Austria, Switzerland, as well as in the 
USA.
Finally, and this is the area which will perhaps be of greatest 
interest (if not of greatest relevance!), by pressing or forming 

3D components which are subsequently attacked by multi-axis 
laser machines to put holes and apertures in, and to trim the out-
side profiles (see figure 3c). There is an established market here 
feeding the automotive industry, that is still growing as more 
designers embrace this technology and apply it in greater propor-
tions to their new designs.  Hydroform pressing and multi-axis 
laser cutting of tube is becoming as established as the older and 
better known panel pressing and trimming, as a means of produc-
ing load-bearing structures in vehicles.  
USA sub-contractors in this field tend to be concentrated geo-
graphically around Detroit, and have come into laser processing 
from a press-tool background (another example of β force at 
work).  One such company located just across the Canadian bor-
der in Ontario purchased 56 of our Nd:YAG lasers on robots last 
year and this year has ordered 23 of our 5-Axis CO2 machines. 
These numbers give a dramatic picture of how large the USA 
automotive market is. However, there are no rules to prevent UK 
laser job-shops from being pro-active here and going the other 
way. There is a similar smaller, but growing, 5-axis market feed-
ing the aerospace and domestic appliance industries, but if past 
history is anything to go by many manufacturing techniques pio-
neered in these three industries will eventually find their way 
down into general engineering. In the case of 5-axis profiling this 
wider application is being hastened by the lower capital cost 
option of Nd:YAG delivered via fibre optic cable rather than by 
the more expensive, albeit more accurate, 5-axis CO2 machine.
Laser welding is a younger technology than cutting.  It is, and for 
a while will continue to be, a smaller market. But it is a faster 
growing market. Higher quality profiling and high quality form-
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Figure 2. Examples of technology for improving the efficiency and  
productivity of laser job shop services.  
(upper) Trumpf twin-head Nd:YAG laser, the HSL2500
(below) Automated component handling and storage.
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ing are pre-requisites for good component fit up, which in turn is 
a pre-requisite for successful laser welding. To date and for the 
foreseeable future, laser welding will be confined to higher vol-
ume applications.
It is possible that job shops who take the Y option and go for 
volume with highly productive machine, might find themselves in 
markets which can justify laser welding by machines such as the 
Trumpf Robocell. This offers both horizontal and vertical growth, 
and allows a job shop to become an XY company.

Conclusions
My name is Fletcher not Flemming, but during the course of this 
investigation I have discovered that I could formalise the forces 
and reactions that I have found into two new (left hand and right 
hand) rules.  However, these apply to market forces rather than 
electromotive forces.
One final comment is that although there appear to be great sim-

ilarities between job-shops in the USA and UK there are also 
some differences, and therefore you should not necessarily follow 
any of this advice ‘to the letter’.... and that’s my last word on the 
subject!

a

d

c

b

Figure 3. Technology to assist laser job shops provide services with 3D forms. 
a.  An example of combination panel work using a combination laser punch-press machine. The laser produces the outside profiles and the internal 
apertures, while the punching head produces forms such as countersinks and necked holes in a single hit, or generates louvers beads and joggles. 
b. The Trumpf Trumabend with Automatic Controlled Bending simplifies press-braking after blanking.
c. Multi axis cutting of a pressing or formed 3D components, for example to trim or add holes.
d. laser welding using the Trumpf Robocell, offering opportunities for both horizontal and vertical growth.

Ian Fletcher, who graduated as a Production 
Engineer from Manchester in 1964, describes 
his career as ‘a 35 year love affair with machine 
tools’....
First making them with Cincinnati, then using 
them with Metro-Cammell in Birmingham, 
subsequently selling them with Trumpf.
‘Although in this time I have seen great changes 
in both the nature of machines, and also in the 
structure of manufacturing industry, the funda-
mental problems faced by manufacturers are 
still the same, and my consequent fascination 
with the problems of manufacturing remains.’

Issue 18, February 2000
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With reference to Ian Fletcher’s article, I only see two real options 
for long term survival:
1 The ‘Y’ option i.e. improved productivity in flat blank cutting, 

no matter what the material. This means doing what you do 
now, but being the smartest in your sector. This option will 
require continual investment in the latest automated technolo-
gy, thereby driving costs down.

2 The ‘X’ option, i.e. the added value ‘one stop shop’ scenario, 
where the job shop not only profiles but can also bend, weld, 
paint and assemble. Again, the challenge is to be the slickest 
and to investment in automated technology will be essential.

Either route is going to be damn hard....but exciting!
Dennis Kent   Carlton Laser Services

Ian Fletcher’s presentation to the new Job Shop Group of AILU 
was thoughtful and intelligent and was greatly appreciated by 
those attending and, I hope, of value to readers of this magazine.
In classical terms, he analyses the options available to job shops 
and offers ways forward from the North American experience. He 
stuck to his brief admirably.
I believe that America is ahead of Europe in most areas of busi-
ness. Ian has shown us a glimpse of the future tooling in our 
industry; I hope the mission to US job shops in March 2000 will 
disclose aspects of the future areas such as markets, marketing 
and business organisation.
John Bishop   The Cutting Edge

Ian’s article clearly identifies the differences and similarities 
between the UK and USA job shop markets and from our experi-
ence it echoes those found throughout Europe to a large degree.
As a system supplier we have responded for some time to the 
increasing US and European trend among steel stock holders to 
provide prepared medium-to-thick yellow-goods steel blanks. 
Balliu has met this trend by supplying larger area and dual laser 
systems coupled with a range of automated component handling 
and storage facilities. We forecast that the use of higher power 
lasers, up to 6 kW, will drive up the thickness of materials being 
processed in the yellow goods and other areas.
In parallel to this trend, we have experienced major companies 
adding dedicated laser based manufacturing cells to their produc-
tion facilities in order to reduce part costs etc. In one instance, a 
US customer has more than 50 Balliu systems operating in such 
manufacturing cells throughout it’s plants. Adding value to the 
resultant products, by lowering costs and reducing other opera-
tions, is obviously the key motivation a study recently completed 
by Balliu with a prime US customer illustrates this. (next issue..Ed)

Second generation job shops with a press tool background are 
increasingly being established in the UK to address the customer 
demand for a complete product. Traditional laser job shops are 
losing out, and I guess that those unwilling to invest in other types 
of machine tool are either seeking partners who can finish the 
product or are looking to laser-based niche markets. Such markets 
with good returns certainly exist and are not necessarily confined 

to high powered laser usage, as some UK job shops will confirm.
Ian is quite correct in stating that 3-D processing is being hastened 
by the increased usage of the Nd:YAG laser with fibre delivery 
and I believe usage will increase even more with the arrival of the 
diode pumped laser, particularly in the field of welding. Welding 
will continue to be a smaller but significant market confined to 
high volume and repetitive applications such as tailored blank 
welding. Laser welding is the fastest growth area and there is no 
doubt that it will not be confined to just linear or rotary applica-
tions. For example, the production of automotive tailored blanks 
will extend into a combination of straight line and radial welds 
and with the advent of diode pumped laser 3-D welding produc-
tion will become more common.
John Barker   Balliu

The growth of subcontracting in the last few years has been high-
er than we expected. Today, a modern industrial company nearly 
considers subcontracting as an efficiency and quality rule. This is 
particularly true for laser cutting, and the introduction on the mar-
ket of specific solutions for job shops confirms this trend.
Subcontracting of two-dimensional (2-D) processing has been 
developing for more than twenty years and is now a consolidated 
and diversified reality. However, many laser job shops have 
recently felt the need to enter the field of 3-D processing. 
Until recently, we believe that 3-D processing machines, which 
were initially targeted at the big manufacturers in the automotive 
and aeronautic sectors, were too expensive for a subcontractor. 
For the job shop market, PRIMA has now introduced the 
DOMINO, an affordable 5-axis machine for both two-dimension-
al and three-dimensional applications. (see Members’ New 
Products)
Domenico Appendino   PRIMA INDUSTRIE S.p.A.

COMMENT
The future of the job shop

Satisfaction Survey
Maintenance and Servicing of 

Flatbed Laser Cutting Machines
As part of our service to AILU job shop members, we are  

conducting a survey to identify satisfaction (or lack thereof) with 
maintenance and servicing of flatbed laser cutting machines.

The primary aim of the survey is to identify the bad suppliers, 
who will be made aware of the general findings and  

encouraged to do better. 
By working as a group we can bring about change,  

for the benefit of all.

24 May at the Techno Centre, Coventry
Report of the Job Shop Mission to the USA

Morning meeting and buffet lunch

Maintenance and Servicing of Laser Machines
 Afternoon meeting for members only

Satisfaction Survey forms to job shops should be distributed 
with this magazine. Copies available from the AILU office 
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Designing for laser cutting
Neil Main

Micrometric Techniques Ltd
Doddington Road   Lincoln   LN6 3RX

T: 01522 509999   F: 01522 501901   E: neilmain@micrometric.co.uk

Lasers are good at cutting sheet metal.  The combination of a very fine cut (kerf), low heat input, fast cutting 
and computer control allows the laser to be more than a punch or press replacement.
There are a number of techniques that lasers have enabled; five of them are highlighted here.

The laser makes a number of 
short cuts along the desired 
bend line so that when the part 
is bent the material bends 
along the line of weakness.  
The advantage of using this 
technique is that less precise 
tooling is required. In the 
extreme it is possible to bend 
by hand. The disadvantage is 
that the material is weaker and 
‘open’. Hermeticity and full strength are gained only after weld-
ing; but the part would probably be welded anyway.
Application areas include:
Rapid prototyping and small batch production. 
Electronics assembly (e.g. sockets can be bolted and wired and 
the bending done after soldering)
Furniture fabrication (e.g. laser-cut square tubes with bend lines 
offer rapid assembly of office furniture) 

Using tabs and slots is an old 
technique. These features are 
easy to achieve with laser cut-
ting, especially since the pro-
cess causes no edge deforma-
tion and allows a uniform level 
surface to be maintained.
Advantages and application 
areas for this technique 
include:
Simple assy, presenting a stiff 
construction to aid low-distor-
tion welding.
Self-jigging for low-cost fix-
tures and ease of customisa-
tion.
Error proofing e.g. use differ-
ent sized tabs so that parts can 
only be fitted together one way 
around. 

Holes near bend lines can suffer from stretching. One way of 
preventing this is to cut the material along the bend line and just 
beyond the hole. The advantage is that the hole remains round. 
This can allow holes to be laser cut when previously a second 
drilling operation 
may be needed. 
The reduced 
strength is not 
usually a problem 

Just as pressed panels with different thickness steel in various 
places are now used in the auto industry, sheet metal work could 
be designed with increased strength just where it is required. A 
panel is usually designed with a thickness to suit its most stressed 
area, but if the metal is bent back on itself to achieve a double 
layer in some areas, then a saving in material or weight may be 
achieved. This is not the same as using doubling the thickness 
and produces only a doubling in strength, but in many designs 
the saving in material in other places compensates. 
The same technique can be used to fabricate bolt retainers or 
‘counterbores’.

For right-angle and U brackets, particularly where the holes need 
to be accurately aligned, the volume is low and tubes are being 
cut anyway, cutting such parts from tube using a 4 -axis, 5 - axis 
or specialist tube cutter can save bending and drilling operations.

Directed bend lines

Added strength where needed

Cut 3-D parts directly

Protected holes

Tabs and slots

Tips and Secrets of 
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Glass can be machined by  CO2, Excimer and Nd:YAG 
laser radiation. CO2 and Excimer laser light is strong-
ly absorbed by glass but the near infrared laser light 

from a Nd:YAG laser is only weakly absorbed except at very 
high power (e.g. at beam focus); a fact made use of to internal-
ly laser machine blocks of glass, such as in last year’s 
AILU award (Issue 17, p1). However, for fast, efficient cutting 
of glass, as is required on a float line for example, only the 
CO2 laser is being used.
Glass can be cut using laser beam energy in three distinct ways:
• melting and blowing away the molten material1

• forcing a controlled crack through the thickness of the glass2 
• forcing a controlled crack through a thin section of the glass, 

controlled thermal shearing3,4,5

In order to avoid a damaged edge, the second two methods are 
preferable but only controlled thermal shearing can meet the  
requirements of a float glass line vis. reliable, straight line cuts at 
speeds of 12-24 m/min, depending on glass thickness. 
Controlled thermal shearing is exciting the glass manufacturers 
and users, because if this can be controlled repeatedly for cutting 
profiles, then the applications are numerous, in the manufacture 
of automotive parts and displays, for example.
But what is wrong with traditional methods? Glass cutting tradi-
tionally uses a diamond or similar tip to scribe the glass surface, 
this damage weakens the plate so that it can be parted. The scrib-
ing process produces damage to the cut edge and produces debris 
that can cause further damage to the glass surface, as shown on 
figure 1, which compares various processes. The strength of the 
glass is determined by the weakest point, the damaged portion. 
Hence, a stronger product can be produced by reducing damage 
and the possibility of damage.

Controlled thermal shearing
The stresses in glass have to be manipulated in order to shear it. 

Glass is brittle and breaks readily under tension whilst it is strong 
in compression. During manufacture glass is heated and cooled so 
that the stresses frozen into the glass structure are compressive on 
the surface and tensile on the inside. As a result, if the surface is 
put under tension, a crack or vent can propagate from within the 
tensile section of the glass out to the surface as shown in figure 2. 
This is manipulated using a changing temperature.
Heating glass causes thermal expansion, but if the plate is large 
enough then the surrounding material will act like a clamp, effec-
tively preventing movement, and causing the heated material to 
be locally compressed. When the material is cooled, it contracts 
and the local tensile forces cause failure, forming the ‘vent’. 
Control of the vent may be lost near to the edge of the plate where 
stresses are relaxed, or when trying to cut close to a previously cut 
path e.g. when closing a cut shape.
This shallow vent is stable and about 1/6 of the glass thickness. It 
is almost invisible and over time and under heating will reseal. 
Until the glass is put under tension again, by bending it, the sheet 

Controlled thermal shearing of glass

Karen Williams
University of Loughborough

Department of Mechanical Engineering   Loughborough   Leics   LE1 3TS
T: 01509 228390/1   F: 01509 223934   E: k.williams@lboro.ac.uk

Figure 1. Edge damage seen during cutting of float glass
The cuts were made in 2 mm float glass using (a) a scriber, (b) catastrophic failure caused a deep crack propagation (c) using a shallow and con-
trolled crack propagation, by which excellent edge quality is obtained. 

Figure 2. A possible scenario for producing a controlled vent in 
glass. The residual stresses are altered by the action of heat to cause 
stresses that will cause failure, producing a controllable crack..

Scribe marks Catastrophic failure damage Partial vent
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will stay in one piece. If the vent is much deeper, catastrophic 
failure of the glass occurs (fig 1b). For sections of glass up to 6 
mm, one surface needs to be vented. while for sections over 6 
mm, both the upper and lower surfaces are found to required a 
vent4.

Successful current methods of producing the vent
Making the vent can be tricky and maintaining the stability of the 
operating window can be difficult. The key is to provide the cor-
rect temperature gradients while keeping the temperature rise  
low, a rise of about 50oC is sufficient.
Kondratenko3 (figure 3a)

This technique used an elliptical laser beam and a mist of cooling 
water. Guidelines are on the laser beam/cooling jet set-up:
with the recommended beam size being:
Beam width = (0.2 – 2) × material thickness
Beam length = (1 – 10) × material thickness
Slight (± 1 mm) variations in positioning, variations in the stress-
es in the glass or in the cooling flow or heating power will prevent 
successful processing. It is claimed that to cut a closed path the 
beam should be moved tangentially to the direction of cut and 
multiple passes made to increase vent depth. 
Corning Inc4 (fig 3b)
Corning have patented a two-beam method based on Kondratenko’s 
work whereby a second beam is used on the opposite side of the 
glass substrate to either make a transverse or parallel vent. This 
work recommends that a non-Gaussian laser beam shape is uti-
lised to create a larger, more evenly heated region.

Hitatchi ltd6 (fig 3c)
Both Kondratenko and Corning Inc recommend initiating from an 
existing defect. Hitatchi has addressed this problem by using a 
Peltier cooling plate and a laser beam to form a sufficiently high 
stress point to initiate the crack, then pull the crack through the 
material as it follows the path of the laser beam. This method is 
not especially designed for glass.
Schott Glas 5 (fig 3d)
Schott Glas has addressed the issue of beam shaping, and recom-
mend using a scanning mirror system in order to control the inci-
dence of the laser beam and thus the effective mode shape. (In this 
author’s opinion, this beam shaping is the critical step towards 
fully stabilising the process).

Conclusion
Although it sounds a simple process, the balance between the 
residual stresses and the imposed thermal stresses is a crucial and 
difficult balance to achieve. The process works, there is no doubt 
about that, but achieving a large enough operating window to 
make the process as reliable as scribing methods is difficult. As 
more glass makers and users study this field, the stability issue 
will be completely mastered and the laser-based technique will 
emerge regularly on to production lines.

Acknowledgements
The author would like to acknowledge the help of the US Patent 
Office for generously maintaining a free and readily accessible 
library of patents at http://www.uspto.gov/patft/index.html.

References
1. Finucane, M.A. and I. Black, CO2 laser cutting of stained glass. 
International Journal of Advanced Manufacturing Technology, 1996. 12(1): p. 

47-59.

2. Doll, W., et al., Process for cutting 
hollow glassware, in World Patent 
94/22778. 1994, Fraunhofer Institute for 
Applied Research.

3. Kondratenko, V.S., Method of split-
ting non-metallic materials, in U S 
Patent 5,609,284. 1997, Fonon 
Technology ltd.

4. Ariglio, J.A. and H. Menegus, 
Method and apparatus for breaking brit-
tle materials, in U S Patent 5,826,772. 
1998, Corning Inc.

5. Ostendarp, H., et al., Method and 
apparatus for cutting through a flat 
workpiece made of brittle material, espe-
cially glass, in U S patent 5,984,159. 
1999, Schott Glas.

6. Matsumoto, T., et al., Laser cleavage 
cutting method and system, in U S Patent 
5,968,382. 1999, Hitatchi ltd.
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Until now, high power diode lasers (HPDL) were consid-
ered to be suitable only for heat conduction welding 
due to their low beam quality. In this process the ratio 

of welding depth to width is typically 0.5 and can reach a 
maximum of 1 under certain conditions. On the other hand, 
many applications profit from narrow welding seams where 
ratios are typically in the range 1 to 10, and it is well known 
that such narrow welding seams can be achieved with conven-
tional gas or solid state lasers.
The outstanding features of HPDLs are their compactness, their 
low energy consumption and their relatively short wavelength, 
giving rise to correspondingly higher absorption in metallic parts. 
Considerable international R&D efforts are being made to devel-
op these new laser sources and adapt them to various applications, 
and as part of this effort deep penetration welding using HPDLs 
has recently been achieved at the Fraunhofer ILT
Important factors for deep penetration welding are laser power, 
spot size, and the settings of process-gas parameters and nozzle 
configuration. If the process is properly adjusted, even with 
power densities of about 5 x 104 W/cm2, the transition to deep 
penetration welding has been verified up to 4 mm depth. Several 
characteristics listed in figure 1 provide the scientific evidence 
that real deep penetration has occurred.
The appearance of an intense vapour jet accompanied by a char-
acteristic welding sound, aspect ratios in excess of one and den-
drite formation perpendicular to the weld centre line indicate the 
formation of a deep capillary. Also, the results of simulation and 
modelling indicate clearly the change from heat conduction weld-
ing to deep penetration welding using proper process parameters. 
Figure 2 shows an example of the ‘deepest’ deep penetration weld 
reached to date, a seam cross section in 6 mm stainless steel. The 
weld was been produced by using a high power diode laser with 
a power of 2.5 kW (Rofin - Sinar DL025S) at a power density of 
about 2 x 105 W/cm2 and a welding speed of 0.2 m/min. More 

attractive full penetration welding speeds 
have been achieved with the same laser 
source and thinner stainless steel, 0.7 m/
min. in 3 mm sheet and up to 1.4 m/min. in 
2 mm. 
All of the above mentioned welds were 
produced using standard optics with a 
focal length of 50 mm and an experimental 
nozzle set-up. ILT plans to develop and 
qualify a rugged, industrially applicable 
nozzle module, which can be adapted to 
different diode-laser heads and to 
fibre-coupled optics.
Compared to conventional laser welding, 
the HPDL welding unit will be more compact (and will in some 
cases include fibre optic coupling) and have low running costs, 
and be more easily integrated into existing machinery, though at 
the present time welding speeds are only moderate. However, 
entering this new process domain will open up a wide range of 
opportunities for cost-effective high-quality process-controlled 
laser welding applications.
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Figure 1. Evidence of deep penetration welding at 2.5 kW (2 .105 Wcm-2

1. Intense vapour plume.
2. Narrow cross section (aspect ratio >2)
3. Dendrite formation perpendicular to the weld centre line
4. Deviation from the simulation result for heat conduction welding.

fusion line of 
corresponding 
heat conduc-
tion welding 
process

Figure 2.  The ‘deep-
est’ deep penetration 
weld reached to date. 

Deep penetration welding with diode lasers
Dirk Petring

Fraunhofer Institut für Lasertechnic (ILT)
Steinbachstr. 15  Aachen  D-52074  Germany

T: +49 241 8906 210  F: +49 241 8906 121   E: petring@ilt.fhg.de

COMMENT
Because of the many potential benefits which diode lasers offer in 
comparison with CO2 and Nd:YAG lasers a lot of work has been 
done to achieve the conditions needed for deep penetration welding.
The first published achievement of deep penetration welding was 
at the IIW annual meeting in Lisbon 1999, where Dr Abe from 
Osaka University presented evidence of a 4 mm deep weld in 
steel produced with a 4 kW diode laser. Dirk Petring and his col-
leagues at ILT are to be congratulated for their achievement in 
also achieving deep penetration welding. We can now look for-
ward to many new applications for diode laser welding. 
There is always some discussion as to when “deep” penetration 
welding has occurred since depth to width ratios greater than 1:1 
can be achieved even with diffuse heat sources with the assistance 
of activated fluxes. When we made the world’s first deep penetra-
tion laser weld with a 800 watt CO2 laser in 1970, we proved 
“keyhole” operation by detecting laser power below the under-
side of the weld. This is a much more certain method than mod-
elling. 
Derek Russell   Consultant
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The manufacture of high tolerance machined parts, such 
as gearbox components, is now an established market 
for laser welding systems. The intensity of the laser 

produces a high aspect ratio weld (i.e. deep penetration with 
a narrow width) with minimum heat-induced distortion of the 
part. Lasers are now being applied to less well established 
industrial activities including the high volume manufacture of 
sheet metal parts, particularly for the automotive industry, 
where the intensity of the laser can produce welds at compar-
atively high speeds. 
In this article we will show how Plasma Arc Augmented Laser 
Welding (PALW) increases weld speeds and can also permit 
increased process robustness (gap tolerance, formability etc.) 
with the potential for reducing ancillary manufacturing opera-
tions. This can realise a considerable improvement to industrial 
performance for a small investment when compared to the cost of 
using greater laser power. 
Augmented laser beam welding may not replace ‘traditional’ laser 
welding for many applications but it already offers commercial 
opportunities to improve industrial competitiveness in the short 
term and flexibility for short production runs, and allow industri-
al laser users the opportunity to enter new and expanding fields of 
laser based manufacturing without major capital expenditure. 

Historical development
Arc augmented laser welding is achieved when an electric arc is 
rooted to the approximate point of impingement of a laser beam 
on the work piece surface. Steen et al1 undertook a research pro-

gramme in the late 70’s and 
reported that weld speed 
enhancements of between 
50-100% were possible 
when augmenting a CO2 
laser beam with a TIG/GTA 
arc. They also noted posi-
tive, synergistic interactions 

between the laser and the arc. In 1984 Diebold et al2 reported the 
first application of laser - arc welding on aluminium and observed 
improved penetration (typically 20-50%) and arc stability when 
compared to the arc alone. It was also noted that the 600W CO2 
laser alone produced no perceivable melting. Ongoing research, 
particularly in Japan3, led to the development of the laser-MIG 
process where, in many cases, the laser was utilised as a post weld 
heat treatment. Research in this area is still ongoing at a number 
of institutions including RWTH Aachen, Germany. Despite the 
extensive investigations that have been pursued since 1978, laser-
arc welding technique is still not being exploited commercially, 
possibly because of inherent limitations of the TIG process.

The plasma arc process: early results 
The limitations of the TIG process can be overcome if a plasma 
arc is substituted. In plasma arc processes the arc is forced 
through a copper nozzle which constricts the arc to a stable, direc-
tional column which is longer and has a higher energy density. 
than a TIG arc. Also, since the electrode is contained behind a 
nozzle, it is protected from metal vapour, ejected material and 
other contaminants thereby extending service life and promoting 
process robustness.
The programme of work on PALW at the Centre for Advanced 

Arc-augmented laser welding
The route to productive laser welding of the future?

Nic Blundell and Thomas Devermann
Centre for Advanced Joining, Coventry University

Priory Street   Coventry   CV1 5FB
T: 01203 631313   F: 01203 838272   E: cex216@coventry.ac.uk 

Figure 1. Production Set-up 
for PALW-Twin welding 
heads for large Aluminium 
Extrusions. 
Several prototype PALW sys-
tems have now been installed 
across Europe, including this  
system for part manufacture by 
a major European supplier of 
welded aluminium structures. 
The system features twin weld-
ing heads with integrated wire 
feeds.

Figure 2. Set-up of the 
Plasma Augmented 
Laser Welding (PALW) 
Development System on 
a 6-axis Industrial Robot 
at the Centre for 
Advanced Joining.
This system comprises of a 
Rofin-Sinar CW020, 2kW 
Nd:YAG laser, coupled via 
a 600µm optical fibre, to a 
Kuka KR15, 6-axis robot. 
The laser is augmented by 
a Thermal Dynamics Ultima 
150A plasma arc power 
supply using a range of 
standard and custom plas-
ma torches. 

Table 1 
Comparison of welding speeds achieved by laser alone and with PALW.

Material Thickness 400W CO2 laser 400W CO2 laser 
   +50A plasma arc

Mild steel 0.5 1.00 2.50
Stainless steel 0.5 1.20 3.00
Titanium 0.5 1.00 2.50
Aluminium 0.5 no melting 2.50
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Joining at Coventry University began in 1992. Early work was 
reported and patents were granted4,5,6,7,8. Development of PALW 
has progressed with the support of a number of leading automo-
tive, industrial laser and robot manufacturers using the arrange-
ment shown in figure 2. 
Early tests at the Centre for Advanced Joining  were carried out 
using an MF 400, 400 W CO2 laser4. These early trials, using  arc 
current of approximately 50A, demonstrated the enhancements 
that are possible when using PALW with lower power lasers, par-
ticularly in terms of weld speed, as shown in Table 1. 
Probably as a result of the broader melt zone created by the com-
bined process,  forced gaps of up to 0.25t of the material thickness 
(t) could be tolerated, compared to 0.07t-0.1t. using the laser 
alone. A reduction in peak hardness occurred in the weld zone, 
although increased hardness was produced through a broader 
band of the work piece as compared to a conventional laser weld. 

Subsequent trials using a 1.2 kW CO2 laser demonstrated similar 
benefits on materials ranging form 0.6 to 2.0 mm thickness. Using 
arc currents of up to 60A, weld speed enhancements of up to 
100% were achieved, with forced gaps of 0.25t - 0.3t readily tol-
erated. Further investigations by Ireland9 identified the extent to 
which the synergy between the laser and the arc can lead to con-
siderable enhancements in process efficiency, as shown in Figure 
3 and Table 2.

The plasma arc process: later results 
In-house investigations using the 2 kW Nd:YAG laser have 
demonstrated that the benefits found using CO2 lasers can also be 
achieved with the shorter wavelength laser source. Investigations 
have been directed towards aluminium alloys and significant ben-
efits have been observed10, as illustrated in figure 4. 
One problem associated with the thermal welding of aluminium 
alloys is the burning off of volatile alloying elements and this is 
certainly true of welding with both laser alone and PALW. Grades 
of aluminium that contain higher proportions of volatile elements 
will often require the addition of a filler material, rich in such 
elements, in order to the maintain metallurgical integrity of the 
weld. During PALW investigations with wire feed, we observed 
that the addition of the arc relaxed the wire feed management as 
a consequence of the broader arc. Wire feeding can also be used 
to compensate for poor fit up conditions, in steel materials as well 
as aluminium.

Tailor Welded Blanks
High power CO2 lasers are finding application in the manufacture 
of Tailor Welded Blanks (TWBs) where high weld speeds and 
high weld quality is paramount. As joint edge preparation and fit 
up are very exacting for high-speed sheet metal welding, commer-
cial TWB manufacturing systems are offered with precision 
shearing or fine blanking tooling. High-speed seam tracking sys-
tems also enable the lasers in these commercial systems to be used 
on focus, permitting optimum weld speeds to be used for the 
given material. 
Investigations into the application of PALW for steel TWBs have 
been carried out using a 5 kW CO2 laser source. All material used 
in the investigation featured sheared edges and ranged in thick-
ness from 0.8 mm to 2.5 mm (in various combinations of thick-
ness) and was in either the uncoated or zinc coated condition. It 
was observed that the laser would tolerate a gap of 0.1t before the 

Figure 3. Normalised Welding Efficiency used to compare Standard and 
Combined Welding Processes9

Configuration Operating Total Power Welding Speed
 Condition (kW) (m/min)

A TIG only 250 A/20 V 5 0.12
B Plasma only 220 A/27 V 5.9 0.7
C Laser only 5 kW 5 1.8
D 3 TIG in a row 200 A/200 A/180A 11.6 0.65
E Plasma + TIG(sep heads) 220 A/250 A 10.9 0.9
F TIG + Laser (sep heads) 250 A/5 kW 10 2.1
G TIG + Laser (coaxial head) 250 A/5 kW 10 3

Table 2 
Operating Conditions and Parameters used for Fig.39

Fig.4: PALW  of 
Aluminium

(left) Improved 
welding speeds 
of Aluminium 
Alloy Sheets 
(1096A)10. 

(right) Weld top 
bead appear-
ance of welded 
Aluminium, bead 
on plate, (A) 
Laser alone, (B) 
PALW. The 
improved top 
bead appear-
ance, coincided 
with a reduction in material ejection (spatter) during welding.
Reduced cracking along the weld, presumably the result of a lower rate of cooling of a PALW weld.

A B
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weld demonstrated 
unacceptable fusion. Laser welds also demonstrated a stepped 
profile between sheets of differing thickness. 
Applying PALW, a weld speed increase of 40% (to 4.5 m/min for 
butt weld comprising 1.0 mm and 1.5 mm sheets) is obtained with 
the addition of 45A of arc current. Moreover, gaps of 0.25t to 0.5t 
(depending on sheet thickness) can be tolerated with acceptable 
fusion, and the weld profile demonstrates a smooth blending 
between the sheets as shown in figure 5. This profile plays an 
important role in the subsequent pressing of the panel. When a 
batch of TWBs produced during the trials were subjected to ten-
sile testing, the PALW specimens invariably failed in the base 
material of the thinner sheet. Laser-alone welds featuring com-
plete fusion demonstrated comparable weld strength.
It can be argued that the most cost effective method for TWB 
manufacture is to use dedicated manufacturing tooling utilising 
seam tracking feedback and precision shearing. For high produc-
tion volumes of low variance parts this is certainly true. However, 
for parts requiring lower production volumes and higher variance 
the investment in such dedicated tooling cannot be justified. 
Reduced set-up times are paramount for this type of work. All 
vehicles can benefit from the advantages tailor welded blanks 
offer, including low volume vehicles, niche variants of standard 
vehicles and prototypes; and manufacturers will be sought for 
blanks for these vehicles. 
By tolerating larger gaps, PALW offers a manufacturing solution 
for TWBs without recourse to fine blanking technology, which is 
a particular benefit for laser job shops who would otherwise   have 
to invest in the technology. PALW and seam tracking would ena-
ble lower power, defocused lasers to compete with the higher 
power, focused laser sources found in dedicated systems in terms 
of speed, surface form and formability. In-house tests have estab-
lished that laser-cut steel blanks (which can be of non-standard 
shape) can be readily laser welded by taking the appropriate 
measures to ensure tolerance to gaps during welding.  
The laser cutting of pressed panels is an established market for 
laser service providers, but recently there has been a growing 
interest in the re-welding of such panels. Such parts have applica-
tions in the manufacture of niche market variants of existing high 
volume vehicles. As laser welds do not require finishing they are 
highly suited to this application. As for the welding of flat laser 
cut blanks, the weld parameters for cut and re-weld operations 
must be designed to take account of gaps that may be present 
between the abutting edges. Invariably, this will involve some 
reduction of the potential weld speed. We believe that PALW can 
increase process robustness by tolerating any reasonable gap that 
may be present whilst permitting a significant enhancement to 
weld speed.

Conclusions
The development of the PALW process and laser-arc processes is 
still ongoing at the Centre for Advanced Joining and in an increas-
ing number of research and development organisations around the 
world. The interest in this process has never been greater, with 
industry keen to see how this technology will develop. It would 
seem unreasonable to suggest that in its current form PALW will 
provide the complete answer to laser welding problems, but the 
potential enhancements to process robustness and efficiency 
make laser-arc processes (be it PALW or otherwise) worthy of 
further investigation and development. The Centre for Advanced 
Joining is not alone in this thought.
The industrial viability of any process is usually measured by the 
simplicity with which it may be operated. Lasers themselves only 
became truly accepted in industry once laser development ena-
bled the scientists to hand process control to engineers. To simpli-
fy the PALW process, and thus make it more accessible, a coaxial 
PALW torch is in development at the Centre for Advanced 
Joining. Unlike existing commercial torches for this type of appli-
cation, the arc electrode will not inhibit the path of the laser beam. 
Analytical and scientific validation is also vital for the acceptance 
of any new process and so Coventry University is collaborating 
with Oak Ridge National Laboratory, USA, for the mathematical 
modelling of the PALW process. 
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I agree with many of the points raised in this article, especially as 
I have seen the PALW process in action at our Customer Technical 
Centre, during TWB trials (with Coventry University) using our 
5kW CO2 laser. I am pleased to hear that a Coaxial welding head 
is being developed, since some people may otherwise be 'put off' 
the process by its perceived lack of robustness.  
Potentially radical changes in automotive build technology are 
currently underway (e.g. increased use of Hydroformed tubes/ 
Spaceframe technology/Multi-materials solutions), where 
improved tolerance to fit up is paramount, and conventional weld-
ing techniques are more difficult to apply. In the automotive 
industry at least, there could still be a place for a Hybrid process 
such as PALW in the future.
Craig Bratt   Corus Automotive RD & T

Welding processes often experience a varied degree of industrial 
acceptance over many years and arc assisted laser processing is no 
exception. A combination of TIG and Plasma arcs with a 400 watt 
CO2 laser was first used in 1970 at TWI as a means of supple-
menting the then very meagre laser powers. Although it was 
shown that 100% more metal could be melted, the industrial 
interest was very low, probably for two reasons: scepticism about 
lasers, and an industrial reluctance to use hybrid processes 
because of their increased complexity.
Over the ensuing 30 years, laser arc combinations have been tried 
and usually not accepted by industry. This happened with the 
Liverpool work, in Japan and in Germany in the 1970s and 80s. 
More recently, however, industrial attitudes have changed and 

also Laser equipment has become more industrially robust. For a 
variety of reasons, mostly to do with joint fit up and process tol-
erances together with investment cost per kilowatt of usable 
power, industry is now ready to accept hybrid processes as wit-
nessed by the tailored blank applications and also the first CO2 
laser/MAG system installed in a shipyard.
The new developments, whether involving TIG, Plasma-arc and 
MIG/MAG together with CO2 and Nd:YAG lasers open up many 
new opportunities for exploitation of laser technology. The hybrid 
systems should be regarded as laser rather than arc technology 
since the welds have the weld shape characteristics of laser welds 
rather than arc welds. Every addition to the welding engineers 
armoury is beneficial, enabling ‘horses for courses’ decisions to 
be made for any particular application.
Despite the significant work carried out with hybrid systems over 
the last few years, much still needs to be done to obtain maximum 
benefit from the additional heat source and use of filler materials. 
In particular, more attention needs to be paid to factors affecting 
weld quality and properties for steels and Al alloys.
Work at TWI will use a coaxial high power plasma-arc system 
together with a 4kW Nd:YAG laser operating with a 5 axis robot. 
This possibly will provide a new range of application opportuni-
ties from thin sheet up to at least 12mm thick steel.
Although I have now left TWI to become a Consultant, I look 
forward to maintaining an active interest in this important new 
area from a process and materials performance point of view.
Derek Russell   Consultant

Arc-augmented laser welding

For the purposes of testing, the laser safety eye-
wear standard EN207 classifies lasers emitting 
pulses with a duration less than 1 ns as ‘M’ type 
lasers. We are working with femtosecond lasers 
but a search of eyewear providers reveals that 
M-rated safety eyewear is not to be had. How do 
we comply with the Personal Protective 
Equipment at Work regulations?

Standards will never be able to keep pace with laser technology 
and this is just another example of the sort of problems that users 
face. The non-availability of M-scale laser safety eyewear is pre-
sumably a reflection of the relatively small market for it at the 
present time, though this is likely to change soon, and I know of 
several eyewear manufacturers who have been carrying out tests 
of filter material for short pulse laser use. 
There are two main issues here. One is damage to the eyewear and 
the other is opacity to short pulses, in particular the so-called 
'self-induced transparency’ effect. This effect is of particular con-
cern. For example, one leading eyewear manufacturer reported 
that their Plastic and Glass filter with optical density (OD) rated 
>5 for cw exposure were found to have an OD3.5 for femtosecond 
pulses i.e about 30 times higher transmission for the short pulses.

From the regulatory point of view, there appear to be two possible 
options: 
1. Instruct a test house to test prospective eyewear using a proto-
col that is representative of the way in which you intend to use the 
eyewear and which meets the essential health and safety require-
ments of the PPE (EC Directive) regulations. This option is 
expensive and onerous and probably impracticable as a solution 
but, large users of these lasers may want to go down this route.
2. Buy EN207-compliant PPE (i.e. CE-marked eyewear) and do 
independent assessments (tests) to confirm that the PPE will per-
form satisfactorily when exposed to much shorter pulses. The 
transmitted laser radiation should be below the MPE for a 10 s 
exposure, or 0.25 s if the laser radiation is visible (400 - 700 nm).
This option enables both the PPE (EC Directive) and PPE at work 
regulations to be complied with provided you realise that the need 
to do further assessments of the PPE's suitability in femto-second 
pulse environments would be an absolute requirement under reg-
ulation 4 of the PPE at Work regulations.
Notwithstanding PPE procurement difficulties, employers must 
control personal exposure risks by the use of PPE as a last resort: 
it is only acceptable to use PPE in place of full enclosure when it 
can be shown that the latter is not reasonably practicable. 

QUESTION & ANSWER Mike Green   Pro Laser

Safety eyewear for short pulse lasers?

COMMENT
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What is Good Design and how is it linked to the use of 
lasers and the reduction or elimination of tooling? 
The characteristics of Good Design include simplici-

ty, reliability and cost effectiveness, which in turn implies mini-
mising the number of parts used (and the number of derivatives 
of each part) and the need for adjustment during assembly. 
Good Design allows the elimination of tooling by incorporating 
the ability for parts to self locate with each other, using datums 
that are relevant to the part function and which are arranged to 
ensure that the parts can only be positioned or fitted together in 
the correct way.
In the context of Good Design, the laser holds a number of key 
advantages over other processing technologies, including non-con-
tact processing and requiring access from one side only. The laser 
beam can heat very precisely and at speed, so that there is a minimal 
heat affected zone. When used for welding, the joints produced are 
effectively homogeneous, and a wide variety of different materials 
can be cut, welded or surface treated using the same basic tool. 
Using a robot, complex 3-D shapes can be accurately and repeated-
ly cut or welded with a fine cut edge and/ or cosmetic appearance, 
and a ‘Batch of One’ can be produced economically. In this article 
we will illustrate these advantages with examples from the auto-
motive industry

Laser welded joints
Provided the fit up prior to welding is sufficiently good, laser weld-
ing produces joints that are as strong or stronger than the parent 
materials. This includes joints between materials of different treat-
ments or thickness.
The first production use of Tailor Welded Blanks by Audi was for 
the Audi 100 Floorpan. It was not possible to get steel sheet wide 

enough to make the part in one piece, so two pieces of sheet were 
welded together to make the blank for the Floorpan pressing. A 
refinement of this technique involves welding together sheet blanks 
of different thickness and treatments of steel or aluminium to form 
a complete press blank, which may be formed, trimmed, restruck 
and pierced etc. using conventional presses and tools.
Tailor Welded Blanks are now used as the basis for hydroformed 
parts by seam welding two sheets together and then blowing them 
out to the final form, or folding a single sheet and seam welding the 
open edge. Similarly, the technique may be used to produce opti-
mised assemblies from different materials. For example, front wheel 
drive car drive-shafts which were previously made in one piece or 
friction welded together, are now made in very high volumes by 
laser welding the forged stub ends onto a standard seamless tube. 
Dog rings are now laser welded onto the gear blanks, to produce 
more compact gears than those made in one piece.

Single sided access
Because a laser is a non contact device that processes a part from 
one side only, it can be put to advantage for processing diffi-
cult-to-access parts, and to eliminate the need for weld access 
holes, thereby improving the strength of an assembly. Box sec-
tions may be closed earlier in the process, without worrying about 
how brackets or other parts are to be welded to the outer surfaces 
and this permits changes to be made in the process sequence. In 
the context of hydroformed components, which usually have a 
tubular shape, the laser can be a highly effective for adding all 
shapes of aperture and for welding brackets and other features 
onto the surface of the hydroformed part without significant dis-
tortion. 
Laser spot welding overcomes the need for special spot weld 
guns, sometimes with extremely long arms. In addition, Nd-YAG 

lasers with fibre delivery can take advantage of beam 
switching techniques so that one laser can serve a num-
ber of weld points sequentially. For higher performance 
joints, stitch welds can be produced by adding a simple 
traverse motion at each point.

Projecting heat precisely
Laser beam qualities allows fine detail to be added in 
parts and for delicate parts to be processed (including 
the spot welding of electrical joints) with low distortion. 
Two exciting new processes also utilise this feature:
Remote welding
In this process, a number of small parts, nested together 
on a cube (an arrangement similar to that used on a CNC 
machining centre), can be laser welded using a single 
stationary laser head and scanning optics, in a manner 
similar to that used for laser marking. The same tech-

Design to eliminate tooling in the automotive industry
Stephen Ainsworth

Ainsworth Consultancy Ltd
51 Broad Street  Brinklow   Warwickshire   CV23 0LS

T: 01788 832375   F: 01788 833906   E: StephenAinsworth@compuserve.com 

Figure 1: Production of hybrid blanks.  
The process involves passing a strip of aluminium and a sheet of steel together through 
a roller, with the aluminium strip slightly overlapping the steel sheet. A laser beam is 
focused at the point where the two materials enter the rollers, heating the parts so that 
they become plastic, and forcing the two materials together to produce a joint at least 
as strong as if they had been conventionally welded. (Courtesy of Nothelfer)

Aluminium

Steel

Steel

Beam shaping optics

Laser beam
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nique may also be used to weld a number of parts to a larger base 
part.
Hybrid Tailored Blank
A second new process is that used for combining steel and alumini-
um into one sheet, which may then be processed as a tailored blank 
(see figure 1) Such a process will be used increasingly in modern car 
body shells, where low weight is a priority, and where it is necessary 
to join dissimilar materials together. For example, an aluminium 
roof with steel strips along the side would allow the roof panel to be 
welded directly to a steel bodyside, or aluminium panels can be 
inserted into a steel panel to save weight, to produce van side panels, 
for example. A prototype vehicle is currently undergoing hot weath-
er tests to see if prolonged high temperatures cause the panel to loose 
its form.

Minimal Heat Affected Zone
The low HAZ of laser processing, resulting in minimum distortion 
and residual stresses, can be widely exploited. For example,  parts 
being cut from a single sheet of material may be closely nested 
together, keeping wasted material to a minimum, and pre-treated 
steels (either zinc coated or pre-painted) can be processed on one 
side without damaging the finish of the other (cosmetic) surface. 
Laser processed parts can therefore have narrower flanges, thereby 
reducing weight and cost and/or allowing larger apertures for the 
same strength of assembly.

Processing in 3 dimensions
3-D parts with complex shapes can be processed by combining 
lasers with robotic control. In its simplest form, this eliminates the 
need for trim dies for complex parts (up to about 8,000 per annum 
production volume), since the laser is able to first trim the drawn 
shells and then the parts after restrike, using only very simple fixtur-
ing. In higher volume applications,  laser processing can eliminate 
sophisticated cam dies by cutting holes, features or apertures in the 
surfaces of the part that are not easily made using press tools. This 
arrangement can be extremely flexible, with changes in form simply 
accommodated by re-teaching robot path.
This type of process may also be used to produce self jigging fea-
tures in parts (slots and/or tabs), or to produce accurate datum loca-
tions in assemblies after they have been completed to eliminate or 
minimise the affects of tolerance build-up. Furthermore, the process 
can be used to cut back flanges to give a cosmetic edge, either to 
remove mismatch in panel assemblies, or to eliminate the need to 
blank out an accurate aperture in a press tool.
In its most refined form, lasers 3-D processing may be used  as part 
of a Late Model Customisation process, allowing a vehicle to remain 
as standard as possible until the last possible moment, thereby reduc-
ing the need for sophisticated scheduling systems or inventories of 
sub-variants of a standard part (see figure 2). Examples of this 
include the adding of spoiler holes to a standard boot lid, or cutting 
a sun roof aperture in a roof panel.

Cut edge quality
The accuracy of the laser-cut edge overcomes the need for second-
ary finishing operations and ensuring accurate fit up of parts.  
Mating parts can be produced in one setting, in the same sheet of 
material, or fine blanks can be produced for further processing in a 
press tool. Fine features can be produced in finished assemblies, 
reducing the risk of in-process or secondary damage.

Non-contact processing
The fact that the laser is a 
non-contact tool has a number 
of advantages. In particular, it 
is not necessary to produce 
sophisticated fixturing to hold 
the parts in position, or to use 
powerful clamps to resist the 
forces set up by the process. 
Laser fixtures typically consist 
of a simple frame with loca-
tions made by taking reversals 
of the Master Build Sections 
within the part. If it is neces-
sary to retain the part in the 
fixture, this may be achieved 
by using simple magnets, or 
suction type nozzles. 

Robotic control
Lasers are commonly used along with a robot. This gives the tool a 
great deal of flexibility, both because changes can be quickly intro-
duced by teaching the robot a new path, or by changing the associ-
ated data attached to a particular node in the path allowing changes 
to laser power or switching from CW to pulsed operation. 
The accuracy and repeatability of the modern robot is the key feature 
which allows the laser to meet the quality parameters being demand-
ed by modern component manufacture.

Flexibility of the laser
The same laser can cut, weld or etch parts (e.g. a laser-etched path 
on a master part as a robot teaching aid), and can process a wide 
variety of materials and thickness. Beam switching allows one laser 
to serve a number of different processing heads, reducing costs and 
simplifying the installation. Also, lasers can be usefully integrated 
with other conventional processes; for example, with induction heat-
ing to produce deep laser welds, or to soften a material prior to a 
machining process.

Some design factors affecting success
In laser welding, the most important factor for designers is achieving 
the necessary high degree of part fit up. Like all automated systems, 
it is essential that high quality levels are maintained with the individ-
ual parts to be processed by the laser.
Where pressure wheels or similar devices are used to provide mov-
ing clamping at the point of weld, it is essential that the assembly 
being welded is sufficiently rigid (or supported) to react to the force 
of the pressure wheel (typically about 30kN).
When designing for laser cutting, thought must be given to what 
happens to the cut slugs when they fall away. Much time can be lost 
by operators trying, for example, to get a slug out of a closed tube. 
Similarly, if long lengths of material are being cut they must be 
supported to prevent one part prematurely dropping away from the 
other, thereby adversely affecting the quality of the cut edge.

Conclusion
The laser is a highly flexible tool. This flexibility, however, may 
only be fully realised if careful thought is put into the specification 
of the laser and beam delivery, and if the designer thinks ‘laser’. In 
this way a wide range of materials and thickness can be accommo-
dated and part design can be simplified and/or improved and tooling 
reduced. 

Issue 18, February 2000

Figure 2. 3-D processing
A robot with fibre optic beam delivery 
being used for late model customisa-
tion (Courtesy GSI Lumonics)
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In a world in which new technology is introduced at an ever 
increasing rate, it is perhaps not surprising that while the 
number of design engineers who have some appreciation 

of laser micromachining is increasing, a great many do not. To 
the uninitiated there are some subtle and some surprising dif-
ferences between the results and possibilities of laser microma-
chining and other types of machining, differences which must 
be given careful consideration when defining and specifying 
micro-features for laser machining. To address this important 
point, we will identify some of the key specifications of 
micro-features and illustrate, by means of a case study, the 
importance of the laser system house or sub-contract service 
provider working closely with the customer.
For the purposes of this article, micro-features include cut shapes, 
holes, milled volumes and etches of dimensions less than 10mm 
(and typically less than 1mm) and manufacturing accuracy better 
than 10 µm (and typically better than 2 µm). Examples of 
micro-features include micro-orifices in fuel injectors and inkjet 
printers, precision cutting of complex shapes for spinnerettes and 
demetallization of flex-circuit materials for advanced circuitry.  
Next generation diesel fuel injectors require sub-100 µm diameter 
orifices with the possibility of non-round shapes, whilst high 
speed industrial inkjet printers require 40 µm diameter holes with 
a tolerance of better than ± 0.5 µm. 
The table below summarises the typical capability of laser 
micromachining.. For conventionally machined components it is 
often sufficient to describe the finish as ‘free from burrs’. In some 
cases surface finish is defined in terms of RA and RZ values. Laser 
machining can result in features such as recast, heat affected zone, 
debris and micro-cracking. While these feature can also be present 

in conventional machining, they are often ignored because of the 
scale of the component. In laser micro-machining their effect can 
be more significant and can significantly effect the performance of 
the component. An additional challenge faced in micromachining 
is measuring these features on a micron scale.  For example, while 
there are conventional probe measurements for RA and RZ values, 
these methods can not be applied to measuring the wall finish in a 
10 µm diameter hole.  

Case Study: Fibre ribbon interconnect.
Marconi Caswell Ltd approached Oxford Lasers to manufacture 
part of a self-aligned fibre ribbon termination for a modulator array 
intended for a high-energy physics optical interconnection applica-
tion.  We were required to drilling tapered holes through a 635 µm 
thick alumina substrate for a 4-fibre ribbon.  The single mode fibres 
had a diameter of 125 ±0.5 µm and so the hole diameter specifica-
tion was 126 +11/-0 µm. A tight tolerance was required on one side 
of the interconnect to ensure precise lateral and angular constraints 
of the fibre faces. However, in order to aid insertion of the fibre, one 
end of the hole needed to be enlarged and then taper down to the 
126 µm diameter at about half the hole depth. A schematic of the 
required hole array is shown in the figure below.
Tests with a single fibre showed that an entry hole diameter of 150 
µm was sufficient to ensure relatively easy insertion of the fibre.  
However, until a multi-fibre interconnect had been fabricated it was 
not clear whether this entry diameter and taper would be adequate. 
Testing determined that 150 µm diameter was too small for inser-
tion of the fibre ribbon and that the minimum entry diameter for 
easy insertion to be 200 µm. A fifth hole was added to allow expul-

sion of air from the sealed device 
when the fibres were inserted.  A 
SEM photograph of a cross-sec-
tion through one of the intercon-
nects is shown  below.  It was 
found that the results were better 
than those achieved with alterna-
tive lasers, consistent holes were 
obtained without re-deposition 
or burning of the substrate sur-
face. Four fully assembled 
4-channel modules tested at 
1540 nm showed packaging 
losses of 1.2 dB to 3.7 dB. The 
loss due to packaging achieved 
with this passive alignment was 
better than that previously 
achieved with active alignment 
of microlens arrays having 3.5 
dB to 5.0 dB reflective coupling 
losses.

Specifying micro-features for laser machining

Martyn Knowles
Oxford Lasers Ltd

Abingdon Science Park  Barton Lane  Abingdon  Oxon  OX14 3YR  UK
T: 01235 554211   F: 01235 554311   E: martyn.knowles@oxfordlasers.com

Specification Laser micro-machining capability Comment  
Size tolerance  0.1 – 2 µm  Measure using optical or electron microscope.  
Taper  Laser and material dependent. Parallel, positive and negative possible. Often 

not specified. Measure using optical or electron 
microscope.  

Burr  Laser and material dependent. Some materials/processes machine burr-free. 
Often not specified.  Difficult to measure and 
define because often not uniform or consistent.  
Surface finish (RA & RZ) laser and material 
dependent. Can be difficult to measure on 
micron scaled features.  

Debris Laser and material dependent.  Can be loosely or firmly adhered.
Recast/HAZ Laser and material dependent. Some materials/processes machine without 

recast or HAZ.   Usually the component must 
be sectioned and etched to evaluate recast/
HAZ.  This is time consuming and therefore 
expensive.  

Micro-cracking Laser and material dependent.  Generally not a problem. Can be difficult to 
measure and get any meaningful statistics. 

Summary of micro-feature specifications that require particular attention in laser micromachining
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Part of a self-aligned fibre ribbon termination. 
(left) Schematic of the required hole array. 
(right) A SEM photograph of final component. 
Intermediate tests revealed that a larger entrance 
diameter was required, together with a fifth hole for 
the expulsion of air during fibre entry. 

Martyn is correct when he says that many design engineers are 
unfamiliar with the potential of laser-baser micro machining, as 
well as the many issues involved. Very often the client is speaking 
a different language in terms of the required part specification, 
and so a dialogue is certainly necessary. This article also raises 
another very relevant point about the nature of the micro-making 
business- particularly relating to custom solutions- and that is the 
absolute importance of being able to provide accurate measure-
ments and information to the client (and to yourself) about the 
nature of the micro-machined structure and the resulting material 
surface. The adage; 'If you can’t measure it you can’t make it', is 
particularly true in the realm of micro-machining.
Optical and electron microscopics are rightly identified as the 
mainstays of the characterisation effort.  At the NCLA, we have 
found that surface proflometry is also a very powerful technique 
for not only visualising structures in 3-D, but also measuring crit-
ical features and making Ra, Rz and Rms roughness measure-
ments.  It is also becoming increasingly important that these 
measurements be quantifiable and if possible, related to calibrated 
standards.  This can represent a hidden, yet significant cost in the 

development of a laser micro- machining process, but a cost 
which must be acknowledged.  This reinforces Martyn’s original 
point about the need for good communication from the outset 
with the client.
Tony Flaherty 
National Centre for Laser Applications, Ireland

Precision laser machining of holes is indeed a rapidly expanding 
industry segment of 'laser micromachining'. Starting with excimer 
lasers many years ago, other types of laser have now begun to be 
put into industrial micromachining use: fundamental, second and 
third harmonic Nd:YAG lasers, and ultrashort pulse lasers 
(Nd:YAG, Ti:Sapphire). Apart from cutting holes, these lasers 
have many other micromachining capabilities. For example, the 
manufacturing processes of flat panel displays, sensors, microsys-
tems, solar panels, medical instruments (just to mention some) 
can all have one or more laser micromachining steps, and many 
new applications are under development. These are exciting 
times!
Jim Fieret   Exitech Ltd

COMMENT 

Working with the customer
In demonstrating laser micromachining equipment to potential 
customers from a wide range of industries, Oxford Lasers’ expe-
rience, as illustrated in the case study, emphasises the importance 
of the laser system house or sub-contract service provider work-
ing closely with the customer.
Understand clearly what the customer is expecting.
Discuss with him at the outset exactly what he is looking for and, 
if possible, how he expect the device to work. This usually high-
lights any potential problems or risks which can then be consid-
ered before either party has incurred any significant cost.  
Check that all the parameters for the feature are adequately spec-
ified.
Be open with the customer on any areas of uncertainty.
If there is a significant technical risk then invite the customer to 
attend the feasibility trials. 
This enables the customer to understand any problems encoun-
tered and to give his input.  If there are compromises to be made 

then he can make any decisions required with all the information 
available to them.  An added benefit to the customer is that they 
learn more about the laser process and this often enables them to 
improve either the functionality of the device or make it easier to 
manufacture.

Conclusion
Laser micromachining is a powerful new manufacturing process.  
However, like any new process it needs to be well understood in 
order to maximise its benefits and minimise any risks.  Also, as 
with any process, there are limits to its capabilities. The best out-
come is usually achieved when the user and the laser system 
house or sub-contract service provider work closely together. 
Frank discussions at the outset avoid disappointment later!
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A standard technique within high power lasers is to use 
crystals to frequency double or quadruple the laser 
wavelength. In particular, the Nd:YAG laser can be 

converted from a wavelength of 1060 nm (near IR) to 527 nm 
(green) or 263 nm (UV). 
The Rutherford Appleton Laboratory is home to Vulcan, the larg-
est Nd:glass laser facility in the UK. These high energy pulses, 
converted to 263 nm, are ideal for single-shot large area (50 mm 
diameter) laser annealing of phosphor thin films deposited on 
silicon wafers1. In addition to high pulse energy, laser annealing 
requires good intensity uniformity over the beam diameter, but the 
quadrupling process is highly intensity dependent and it therefore 
enhances any non-uniformities in the original laser beam. 
Smoothing the beam intensity profile is therefore essential and 
this is achieved by the use of the random phase plate2 (RPP). A 
typical RPP mask pattern is shown in Figure 1.
The experimental arrangement for generating the UV beam from 
Vulcan required the use of two KDP crystals, the first (operating 
in type II mode) to convert the fundamental infrared to the second 
harmonic (green) and the second crystal (operating in type I 
mode) to convert the green light to the fourth harmonic (ultra-vi-
olet). The overall conversion efficiency from the infrared to the 
ultra-violet was measured at 14% with 20 J generated in the 
ultra-violet for 147 J infrared, close to that expected theoretically. 
To prevent damage to the phosphor film during the annealing 
process, a pulse-stacker split the single ultra-violet pulse eight 
times to produce a train of pulses each separated by 1 ns. In this 
way, the average irradiance on the film was kept below the thresh-
old for plasma generation but enabled sufficient energy to be 
delivered. (Full details, including the optical layout, can be down-
loaded from the RAL web site at http://www.clf.rl.ac.uk/Report/ 
1998-99/contents.html)
In order to obtain a substantially flat intensity profile for irradiat-
ing a wafer over a 2 cm diameter circle, a 50 mm FMHM is 
required.  With the wavelength fixed at 263 nm and a RPP struc-
ture size of  50 microns being the smallest that could be easily 
made in-house, a 10 metre focal length lens was therefore 

required
The laser annealling experiments showed that up to 400% 
improvement in the photoluminescence of the thin film phosphors 
could be obtained, compared to non annealed phosphors, demon-
strating the feasibility of enhancing Thin Film Electroluminescent 
Display phosphors for miniature displays.  Furthermore the use of 
Nd:glass lasers in this application has been demonstrated for the 
first time using Vulcan.
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Fig. 1. Random Phase Plate. 
High contrast interference pat-
tern of a RPP, with the black 
spots indicating step changes 
in thickness, not opacity.
The RPP is a diffractive optical 
element. When used in con-
junction with a focussing lens it 
produces a sinc2 intensity pro-
file at focus containing a high 
spatial frequency speckle pat-
tern. The full width half maxi-
mum size at the focus is the 
diffraction width of the element 
size of the RPP structure. 

Fig. 2. Effect of the RPP on beam intensity uniformity in the far field. 
(top left) The near field of the converted fourth harmonic laser beam with 
significant non-uniformities apparent. (top right) The corresponding 5 cm 
diameter far-field, with the use of the RPP.
(bottom) The modal power spectrum for each image. The near field image 
contains a higher level of low frequency components whereas the RPP 
image has almost a uniform spread of low and high frequency components 
as would be expected from a random beam profile. These results demon-
strate that the RPP acts to convert the low frequency spatial modulations of 
the beam to high frequency spatial modulations at the focus.
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Since the introduction of microprocessor based laser con-
trol systems in the 1980’s it has been possible to monitor 
the status of a laser remotely, through a modem and 

telephone line. However, users have only recently begun to 
need this facility.

Practical Considerations
To be attractive, remote monitoring must offer a tangible benefit.  
Examples are improved Mean Time Between Failures (MTBF) 
and Mean Time To Repair (MTTR). Both lead to increased laser 
availability. Remote monitoring extends MTBF when it signals 
the status of all components that can degrade progressively.  Early 
warning allows problems to be fixed during scheduled mainte-
nance. Similarly, it reduces MTTR by enabling faster, more reli-
able, faults diagnosis.
On-going laser design continues to improve reliability. This 
emphasises the importance of MTTR to further improvements in 
uptime. Conversely, long periods between faults lower the user’s 
trouble-shooting experience. This can extended repair times. 
Improved diagnostic presentation helps but, formerly, there were 
practical limits to the collection and display of suitable data.

Control System Architecture
The "traditional" control architecture introduced over 15 years 
ago brings all diagnostic signals to a central microprocessor. This 
interprets them, takes appropriate action and updates the user 
display. This works well for a system with few sensors in each 
module, as shown in Figure 1a. However, more sensors lead to 
unmanageable or uneconomic wiring, see Figure 1b. The inter-
connections themselves can cause unreliability.

The GSI Lumonics distributed control network brought a major 
advantage. Each major module in the laser incorporates a micro-
processor-based controller. This "node" handles all local control 
and diagnostic functions for the module. It communicates with 
the nodes in all other modules.  A two-wire network achieves all 
communication without the need for a central control function. 
This approach brings little benefit when there are few sensors, as 
in Figure 2a. However, the advantage is clear when the number of 
sensors increases; compare Figures 2b and 1b. When a module is 
installed, it "recognises" the type of system and configures itself 
appropriately. This reduces the range of spare parts required. 
Diagnostic and duty information may be stored within the module 
to aid analysis, corrective action and continuous improvement if 
it should ever require repair.

User Interface
The high level of diagnostic information allows earlier diagnosis 
of potential problems, and more rapid and certain location of the 
defective module in the event of a breakdown.  Diagnostic infor-
mation is unwanted when all is well and can cause confusion. A 
graphical touch screen displays the minimum of information in 
pictorial format. In the event of a potential problem the relevant 
part of the display changes from green, to yellow or red, indicat-
ing the location and seriousness of the problem. Touching this 
area of the display brings up more information. This process is 
repeated for progressively more detail. Part numbers, tool 
requirements and instructions for maintenance and repair are all 
available.

A Practical Example
The AM Series of continuous-wave Nd:YAG lasers from GSI 
Lumonics covers the range from 1kW to 3.5kW of power at the 

workpiece. The network-based control 
described above is used throughout, with 
up to 27 nodes. This can monitor more 
than 500 items on the system, including 
voltages, currents, power levels, tempera-
tures, contactors, flow rates, water condi-
tion, water levels, and so on. Analysis of 
these signals gives the user advice about 
350 different conditions.  All the informa-
tion is available to a remote GSI Lumonics 
service technician via the incorporated 
modem.  It is presented to him exactly as 
if he were on site.  To eliminate any safety 
concerns this access is on a "read only" 
basis; no changes can be made to equip-
ment settings.
The extensive available information makes 
remote monitoring valuable for most 
users. Factory technicians can make regu-
lar checks, and Technical Support can 

Remote Laser Status Monitoring
Keith Withnall

GSI Lumonics Ltd
Cosford Lane   Swift Valley   Rugby   Warks   CV21 1QN

T: +44 1788 570321   F: +44 1788 579824   E: withnallk@gsilumonics.com

Figure 1 a & b "Traditional" control architecture  (a)  A system with few sensors in each module, 
(b) More sensors per module, leading to unmanageable or uneconomic wiring. 
Figure 1 c & d The GSI Lumonics distributed control network (c) A system with few sensors, for 
which there is little benefit. (d) Clear advantages as the number of sensors increase.
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assist the user’s maintenance personnel actively in the event of a 
problem. The customer and remote Support Technician can be 
viewing the same information, each in their own language. By 
way of example – during a routine check of a system operating at 
a car manufacturer, a problem was found to be developing in the 
customer’s factory water chillers. Technical Support alerted the 
customer before they were aware of the problem themselves. This 
allowed a controlled changeover onto a backup system and avoid-
ed the downtime that could have occurred.

Summary

Modern distributed control techniques have enabled cost-effec-
tive, high-level diagnostic monitoring of lasers. This improves the 
troubleshooting information available locally, and remotely, via 
modem. In support of proper training, spares holding and rapid 
service support, it is another step forward in the quest for increas-
ing system availability for production.
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Some years ago I was ‘pulled off a plane’ that was about to take 
me home from Boston after a gruelling week. I hired a car, drove 
some 200 miles to the factory I had left the day before only to 
discover that the operator had failed to turn a switch to the correct 
position. I am therefore a fan of remote monitoring and was 
impressed when I saw this system demonstrated at a recent AILU 
meeting. My only caveats are that the remote monitoring system 

must be small compared to the overall system (and thus not sig-
nificantly affect it’s reliability) and that the overall system must 
also be designed so that it does not ‘hang up’ if communications 
become garbled or fail.
PS The embarrassed factory owner did buy me a very good lunch.

J Peter Hancocks  Quantum Laser Engineering

Recent proposals for measuring the apparent source 
size* of a diode laser beam produced this suggestion: 
“Put a lens between the laser and a viewing screen and 

move it until you get a minimum spot size. Then apply the simple 
lens formula u/v calculation to find the size of the object” 
Sounds simple doesn’t it?
The experimental set-up is shown in figure 1. Unfortunately, for 
the relatively high quality of laser beams the simple ray optics 
formulae do not hold. In particular, the radius of curvature of a 
laser beams doesn’t simply increase in proportion to the distance 
from its source, but follows the equation:

z is the distance from the waist of the beam and Zr is the Rayleigh 
Distance (which is the distance from the waist at which the beam 
diameter has doubled itself).
Applying this equation to calculate the spot size on the detector is 
relatively simple, and the results are plotted in figure 2. They 
show that if you are not careful in your selection of the lens or the 
viewing distance, you can get some funny effects. In particular,  

as the lens is 
moved away from 
the laser the spot 
size on the detector 
will get smaller, 
reach a minimum 
then get larger 
again - then it starts 
to get smaller again 
and form a second 
minimum. As Zr he 
Rayleigh Length 
axis shows that as 
the laser beam 
divergence gets 
greater (the area 
doubling distance 
gets smaller) then 
the double focus 
effect gets even 
more noticeable
You are looking at a double focus - and it has nothing to do with 
that last glass of Malt ! It also shows that this method for measur-
ing the apparent source size can lead to some confusion.
So look at this double cleavage and remember that life can get 
interesting with a laser!

Now I’m Seeing Double

Brooke Ward
Europtics Partnership

Lime Croft   Lime Tree Road   Goring   Reading   GR8 9EY
T: 01491 872602   F: 01491 875829   E: brookeward@saqnet.co.uk

* The measurement of apparent source size for a laser beam is a ‘hot’ 
issue with the IEC laser safety standards committee. The word ‘appar-
ent’ means ‘as perceived by someone viewing the laser beam directly’. 
The retinal image size can be calculated by simple geometry, once the 
apparent source size and position is known.   Ed.

Figure 1. Moving the lens, there are generally two positions at 
which an image-size minima is produced on the detector. Which is 
the right one?

Figure 2. Calculation of spot size on the detec-
tor with distance from the laser to the focus-
ing lens, for a range of Rayleigh lengths, Zr
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The removal of contaminants from a surface using laser 
irradiation has attracted a considerable amount of 
interest recently as a new and more advanced cleaning 

technique. Successful laser cleaning applications have been 
found in industry, in art conservation and in medicine. The 
growing number of industrial uses of laser cleaning includes 
the removal of adherent particles from semiconductors, vari-
ous contaminants from magnetic media surfaces, paint from 
aircraft, radioactive contamination of metals and other mate-
rials, cleaning of ablation debris from laser-etched vias and 
cleaning of moulds in the manufacturing of tyres. 
Since laser cleaning is a physical process which is applied under 
conditions in which there is a strictly limited interaction with the 
substrate material, the procedure has distinct advantages over 
traditional cleaning methods based on chemical or mechanical 
action. 
The process is characterised by:
• a well defined cleaning period, ceasing shortly after the laser 

pulse has ended.
• selectivity, with the possibility of tuning the process to remove 

specific substances.
• non-contact application.
• a high potential for automation.
• preservation of surface relief.
• versatility in its ability to remove most materials by the appro-

priate  selection of operating conditions.
• a high level of control of the depth of materials that can be 

removed.
• sterilising of surfaces, with surface organisms killed by laser- 

induced high temperature.
• environmental compatibility, avoiding the application of 

organic solvents and the disposal of fluid waste.

Laser Cleaning of Printed Circuit Boards
Removing of the oxide layers from copper printed circuit boards 
(PCBs) is of particular interest to the electronics industry, in that 
it  helps ensure a good quality soldered joint with high bond 
strength by improving the surface wetability. The soldering fea-
tures with and without cleaning the surface are illustrated in figure 
1.
Currently, acids in a flux are used to clean the oxide layer from 
PCBs. However, the use of acids causes many problems, of which 
the environmental impact of discarding flux after use is becoming 
increasingly important. Also, it is difficult to use flux to solder 
complex structures or modules that cannot tolerate solvents and 
thermal stress. Furthermore, it is expected that European legisla-
tion will limit the use of fluxes in soldering, thereby creating a 
general need to exploit alternate processes
Substituting the traditional cleaning method with a laser process 
overcomes these problems and has the added benefits of easy 
automation and integration with laser soldering processes. Figure 
2 illustrates the successful laser removal of copper oxides from 
copper was carried out using the multiple pulse operation of the 
Q-switched Nd:YAG laser. 

In-Process Monitoring
A serious potential problem for laser cleaning is substrate damage 
if the surface to be cleaned is over-exposed. Similarly, under-ex-
posure may result in residual contamination. These problems can 
be avoided by real-time monitoring of the process. 
Short pulse (5-20 nsec) laser irradiated of the surface is accompa-
nied by a snapping sound of the shock wave produced in the air 

Laser Cleaning for Electronic Device Fabrication
Jong-Myoung Lee and Ken Watkins

University of Liverpool
Department of Engineering   Brownlow Street   Liverpool   L69 3GH   UK

T: 0151 794 4820   F: 0151 794 4892   E: kwatkins@mechnet.liv.ac.uk

Figure 1 Soldering features with and without cleaning the surface. 
Normally, a large portion of the copper surface is composed of copper 
oxides. These copper oxide layers should be removed in order to 
achieve a good quality solder. 

Figure 2. Laser craters on an oxidised copper surface with pulses at 
1064 nm, fluence 3.5 J/cm2. 
The first crater at the right end was produced by one laser pulse, the 
second by two laser pulses etc ., up to five. One laser pulse changes the 
original brown oxidised copper surface to a dark black colour, as  Cu2O is 
transformed to CuO. Two pulses produces a well-cleaned and shiny cop-
per surface. Further laser pulses do not significantly change the laser 
crater. 
A Lynton Laser Paragon 2XL Q-switched Nd:YAG laser was used for 
these results. The laser has a pulse duration of around 10 nsec and mul-
ti-mode cylindrical cavity optics which produced a non-Gaussian beam 
with a ‘top-hat’ shape. After passing through an articulated arm the beam 
is focused by a quartz lens of 20 cm focal length.. 
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by the rapid ejection of particles and expansion of the plume. The 
sound can be detected by a transducer, for example a wide-band 
microphone. 
As an example of acoustic monitoring of laser cleaning, figure 3 
shows the acoustic waves emitted from an oxidised copper sub-
strate under a series of laser pulses from the laser irradiation.
Acoustic emissions during the laser cleaning can be related to 
surface conditions.  When the first laser pulse is irradiated on the 
oxidised copper surface, a very strong acoustic wave is observed. 
This strong acoustic wave implies that the laser pulse interacted 
strongly with the contaminating surface oxides. When the second 
laser pulse is applied on the surface, the overall signal intensity 

decreases but is still large, implying that surface oxides remain 
after the irradiation of the first laser pulse. The acoustic wave 
induced by the third laser pulse decreases drastically and become 
quite small, implying that there are little oxides to interact with 
laser pulse on the surface. When the fourth laser pulse is applied 
to the copper surface, the acoustic waveform is unchanged. These 
results show that acoustic emission provides a clear indication of 
different levels of surface cleanliness, from heavy oxide to light 
oxide to clean surface, with a clear potential for surface monitor-
ing during laser cleaning.

Summary
Laser cleaning offers unique characteristics for electronic device 
fabrication and has many advantages over conventional cleaning 
techniques, which often present economic, environmental and/or 
quality problems. We have successfully applied laser cleaning in 
the laser removal of oxides from copper printed circuit board and 
have shown that in-process monitoring can be exploited for real-
time feedback control, to ensure a sound cleaned surface without 
substrate damage.

Figure 3. Acoustic waves emitted from an oxidised copper substrate 
under laser irradiation from (a) the first to (d) the fourth pulse 
respectively, applied on the same spot.
The 1.06  µm Nd:YAG laser fluence is 3.5 J/cm2 as used in figure 2..

Jong-Myoung Lee studied mechanical 
engineering at Liverpool University, where 
he gained a Ph. D. in laser processing. Hi is 
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Engineering at Daewoo in Korea.

Ken Watkins is a senior lecturer at 
Liverpool University and heads the Laser 
Engineering Group in the Department of 
Mechanical Engineering. He is Director of 
the Laser Engineering Centre at Lairdside.

Articles from past issues of the magazine, sorted by both maga-
zine issue and by subject,  are available for downloading from the 
AILU web site at http://www.ailu.org.uk/membersonly/ 
magazines/index.htm as PDF files, which can then be read and 
printed using free Adobe Acrobat™ software.
For example, reviewing just the main articles in the current issue 
of the magazine, there are several recent articles on Job Shop 
strategy and the general growth of the laser equipment market that 
Ian Fletcher’s article on page 10 that may be relevant (e.g. A per-
spective on the industrial laser market by D Belforte (16, 13, Aug 
99) and Profitability and competitive advantage in job shop man-
agement by C Bailey et al (14, 10, Nov 99) or for a more general 
application review, you might try Future perspectives of laser 
manufacturing technology and applications by R Poprawe et al 
(13, 15, Nov 98). 
Several of the articles in this issue, including Karen Williams on 
laser cutting of glass, Dirk Petring’s on diode laser welding, Nick 
Blundell et al on augmented laser welding, Colin Danson’s on 

random phase plates, Keith Withnall’s on remote laser mainte-
nance and Watkins and Jong-Myoung Lee’s on laser cleaning 
cover topics that break new ground for the magazine. By contrast, 
Steve Ainsworth’s article on lasers in the automotive industry 
touches on a number of topics that have had good coverage in 
previous issues including Lasers in the automobile industry by T 
Weedon (13, 27, Nov 98), Laser beam welding with robots in the 
automotive industry by P Rippl (15, 26, May 99), Laser welding 
in car body production by C Emmelmann (11, 20, May 98) and 
several on laser welded tailored blanks.
Martyn Knowles article on specifying micromachined parts links 
to many articles on the theme of micromachining, including 
Industrial applications of pulsed lasers by M Gower (12, 26, Aug 
98). Similarly, there have been many features addressing safety 
for users and manufacturers that may be of interest to readers of 
the editorial on safety during laser servicing.
New members especially should not ignore this valuable source 
of knowledge and practical advice.

Are you using our on-line service to access articles from back issues?
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©Modelling is a fascinating and challenging occupation 
which aims to understand the inner essence of nature 
from its visible or tangible properties. Our whole pres-

ent understanding of nature comes from successive attempts 
to model what we perceive as the real world. Indeed without 
such models there would be no lasers, no AILU and you 
wouldn’t be reading this.
Really way-out models such as life, the universe and everything 
attract enormous public and media attention. Practitioners achieve 
celebrity status and their books are best sellers. Some suggest the 
universe appeared from nothing in a big bang, and keeps disap-
pearing down black holes. It is even suggested that most of the 
universe consists of dark or invisible matter to explain away the 
tenfold discrepancy between some predictions and observation. 
And indeed it may be so.
Of course, I’m only jealous because laser process modellers are 
not accorded such adulation or tolerance. Whereas cosmologists 
get away with orders of magnitude, we are expected to hit target 
within 10%.
So what should we expect from a model? A really useful model 
gives us the answer to ‘What conditions are needed to achieve a 
desired result?’ For example, what speed, power, focus and 
shielding will produce the specified depth, profile and porosity in 
the given material?
Do existing models come up to expectation? No. And the reason 
is simple, science is good at predicting effect from cause, not the 
other way round. Existing models predict what results from the 
given conditions, and they do it with varying degrees of speed, 
reliability, accuracy and user friendliness. Of course this is by no 
means unique to process modelling. Just about every instance of 
modelling suggests what will result, not what you should have 
done to make it happen.

First Reactions
Mention process modelling at any meeting other than AILU, and 
just before your audience finds something more interesting in the 
next room, outside the window or on the ceiling, you may be 
treated to one of the following reactions:
• I’ve been doing this for years, I know exactly what will happen 

and I don’t need a model to tell me. 
• I have access to a well equipped laser laboratory and all I 

have to do is put the workpiece under the laser and do the 
process properly.

• Most models are useless and irrelevant
• Modelling is boring, and I can’t understand the maths anyway
As a former process engineer myself, I can sympathise with 
almost all of these reactions. Let’s try to analyse the reactions and 
get something positive out of them.

I’ve been doing this for years...’ 
This reply is neither uncommon nor unreasonable. You have worked 
hard to get this knowledge and it’s a valuable commercial resource. 
But not everyone shares your knowledge or knows of its existence. 
Many modellers would be delighted to collaborate with you to 
improve, validate and market their models and your expertise.
‘I have access to a well equipped laser laboratory....’ 
Lucky you! This is of course the best and ultimate way of finding 
out what happens, but running a laser lab is expensive and we 
don’t all have one next door.
‘Most models are useless and irrelevant.’ 
Useless: no, there is neither incentive nor funding to produce 
useless models. Irrelevant possibly - it depends on where you’re 
looking from. Most models were developed academically to 
understand what goes on inside a process but never developed to 
the stage of being useful to the non-academic.
‘Modelling is boring, and I can’t understand the maths anyway.’ 
That’s a matter of opinion and you can’t argue with opinion. Some 
modelling papers are the best anaesthetic since cave dwellers 
invented the cosh. Modellers themselves are partly to blame. 
Having spent months or years developing a well-turned expres-
sion or elegant formula twenty seven lines long, they see no rea-
son why others shouldn’t share their suffering. But the ‘system’ 
must also take much of the blame. Academics have to publish, and 
no publication is deemed respectable without it’s fair share of 
multiple integrals, weird functions and unfamiliar notation.

So, what’s the problem?
Laser processing is like cookery. We rely on the collected experi-
ence of previous cooks to give us a set of conditions that won’t 
burn the cake-in other words a recipe. The cake may not be entire-
ly to our taste, but at least it is edible and presentable. In manu-
facturing production we call this recipe a procedure. Recipes are 
normally for a fixed amount of cake, but give hints for cakes of 
different sizes. In effect we have a model for cake manufacture. 
On the one hand the model is crude in that it makes no assump-
tions about the thermodynamics and chemistry of the cooking 
process, relying instead on accumulated wisdom and expertise. 
On the other hand it is incredibly useful as it tells how to get a 
good result. We would like all our models to be like this, that is  
‘What conditions do we need to achieve the specified result?’ In 
reality almost all of our models are the exact opposite, telling us 
what happens for a given set of conditions.
This is one of the problems besetting laser process modelling. 
Models don’t tell us what we want to know.
The other main problem is that most processes are incredibly 
complex. We can’t model them from first principles because we 
don’t yet understand the interactions. 

A personal view

Laser Process Modelling
Roger Crafer
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A good example of this is the laser welding keyhole. Leaving 
aside how the keyhole establishes itself, it is tempting to regard 
the steady keyhole it as a well behaved cylindrical hole in the 
molten metal supported by vapour pressure and surface tension. 
This is the basis of a semi-empirical point and line source model 
attributed to Steen and co-workers1 in the 1980s, illustrated in  
figure 1. 
In reality, keyholes are nothing like this. Arata2 has shown that 
they are certainly not cylindrical, straight or particularly steady. 
They are much more like the vortex in the bath water when you 
pull the plug out. High speed motion studies of the weld surface 
suggest that keyholes sometimes open and sometimes close. In 
fact it’s far from well behaved, as illustrated in figure 2.
If we dare to look inside the keyhole it gets even worse. Laser 
light is bounced around the inside walls of the keyhole at all sorts 
of angles and polarisations which makes it tremendously difficult 
to formalise. On top of that, the standard Fresnel absorption equa-
tions which many modellers use are not strictly applicable to 
boiling liquid surfaces. 
We also believe that the vapour in a keyhole forms a plasma with-
in the keyhole which also absorbs the beam by inverse 
Bremmstrahlung, yet how is this plasma formed? Liquid iron 
boils around 3000K, but to ignite the plasma we need tempera-
tures around 10000K. How do we bridge the gap? Kapadia3 sug-
gests that micro-droplets of molten metal superheat to ignition 
temperatures before boiling away, thereby raising the vapour 
temperature to the point of plasma ignition.
This is all very interesting but dangerous. Steen4 points out in his 
book on laser material processing that ‘...modelling is only a tool 
to help our understanding and control of a process..’ and he is 
quite right. We are in danger of becoming seduced by the model 
and losing sight of why we started the model in the first place.
So, back to basics.

Why do we need models?
Modelling enables us to predict process performance without the 
need for expensive process equipment. Some models do this bet-
ter than others. Some are very specific and some are quite gener-
al. Some are expensive, some are cheap, and some you can do on 
the back of the proverbial envelope.
At the simplest level, models put you in the right ‘ball park’ for 
setting process parameters. They remove some of the tedious 
laboratory work formerly required to set quantities such as speed, 
power and focus, and leave the process engineer free to concen-
trate on the finer points such as fitness for purpose and econom-
ics. As such they attempt to mimic the experienced user we met 
earlier, but in a different way. The experienced user recalls not 
only how to do it right, but also how to get it wrong and the asso-
ciated penalties. The model has a one-track mind and goes 
straight to a predicted right answer. This is important but its only 
part of the story. As long as we are only looking for occasional 
predictions, such as setting the parameters in a job shop or on a 
fixed product production line, the human expert is a better bet 
than current or next generation models.
But if industrial laser processing is ever to emerge from its pres-
ent alchemy-like stage and embrace all the advantages of auto-
matic and adaptive manufacturing, we need to know how a pro-
cess should perform, in real time, and how to restore it to the right 
track when it goes off the rails. We need to track process perfor-
mance from the quantities we can actually measure on-line, such 
as heat, light and sound. For this we need models. What we are 
doing now is simply preparation for the real economic goal: 
sophisticated, all embracing, real-time models. 

What models have we got now?

Energy balance models
These can be used for welding, cutting and heat treatment over 
limited parameter ranges, and relate gross parameters such as 
power and speed to penetration depth, kerf width or hardened 
depth. The basic philosophy is that heat applied from the laser 
beam is entirely used to heat the target volume, and that loss 
mechanisms such as conduction, convection and radiation are 
ignored. Such models can take account of latent heats of fusion, 
vaporisation and phase changes.
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Figure 1. A well behaved keyhole
The keyhole is devolved into a line source representing some sort of 
power absorption through the depth of the material, and a point source 
representing the interaction of the laser beam with the luminous plasma 
just above the weld surface. The model imposes a comforting sense of 
order on the unimaginably complicated, but best of all, allows relatively 
simple mathematics to give impressively good descriptions of weld profiles 
and thermal histories. It is a tribute to the durability of the idea that many 
modern welding models derive from it. 

Figure 2. A more realistic keyhole
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Sayegh5 describes a welding model for low carbon steel at powers 
exceeding 5 kW and a spot diameter of 0.6 mm. Prediction accu-
racy is estimated at 10 - 20%. At a welding speed of 1 m/min he 
quotes a simple rule of thumb that 1kW of power is needed per 
millimetre of thickness. As this is a simple energy balance model, 
we could generalise it to 
                 Penetration (mm) = Power (kW) / Speed (m/min)
At lower powers, there is a threshold for CO2 of about 1 kW and 
a few hundred watts for Nd:YAG. Above the threshold, penetra-
tion for a given speed varies as laser power raised to a power 
between 0.7 and 0.8
                Penetration  a  Power (β = 0.7 - 0.8)

Dawes6 quotes a similar rule of thumb for CO2 welding of steel 
up to 10 kW as
                Penetration (mm) = 1.5 x Power (kW) / Speed (m/min)
Steen7 describes a simple cutting model where the lost molten 
kerf heat equals the applied laser energy, and hence
                Cutting mild steel with nitrogen requires about 10 J/
mm2 of severed area
Using oxygen as an assist gas imparts additional power, lowering 
the required energy
                Cutting mild steel with oxygen requires about 5.7 J/
mm2 of severed area
Such models are simple, quick and easily applicable, but only 
relate gross parameters rather than specific details. Nonetheless 
they represent good starting points, and should always be used as 
a final check on more sophisticated models.
Thermodynamic Models

Whenever predictions of shape, temperature, 
thermal history or boundary motion are required, 
a thermodynamic model is needed. These are all 
based on the laws of heat flow, specifically 
Fourier’s Law of conduction. 

Analytical Models
For relatively simple situations there are analyt-
ical or mathematical solutions which can be 
evaluated on modern personal computers in 
times of around a second. ‘Relatively simple’ in 
this case means rectangular material geometries 
(sheet, slab, bar) and not worrying too much 
about how the key parameters change with tem-
perature. How good this approximation is, is 
illustrated in figure 3.
It can be argued that it is reasonable to use ana-
lytical methods for non-melting heat treatment. 
The lower curve in figure 3 indicates the degree 
to which the latent heat of fusion will affect the 
results when melting is involved.
It is at this point that the analytical models begin 
to break down, since the latent heats are signif-
icant fractions of the total heats, and we must 
now resort to numerical methods.

Numerical Models
These use the same starting points as analytical models, but 
restrict each solution to a small region or element of the problem. 
Fixed values of the parameters are used in each element but differ 
between elements. Continuity laws ensure the overall solution of 
many elements approximates as close as needed to the real tem-
perature distribution. Such models include latent heats explicitly 
and are not confined to simple geometries. The penalty for 
improved sophistication is speed. These models typically take 
fractions of hours to several hours to make a prediction. There are 
many excellent commercial software packages that can model the 
temperatures and associated stresses involved in laser processing. 
Examples are ABAQUS, ANSYS, COSMOS and SYSWELD.

Limitations
However good our models may be, they can’t be better than the 
data we put into them. As we have seen, there are big gaps in our 
knowledge of specific heat and conductivity. Then there is the 
problem of the molten zone. Do we treat it as a conduction limit-
ed environment, a well stirred fluid, or do we resort to computa-
tional fluid dynamics? What about the ‘mushy’ regions where 
materials are neither solid nor liquid? Whatever we do, analytical 
or numerical, how should the welding keyhole or cut front be 
represented? The point and line idea is very nice for the modeller 
but only shifts the real problem sideways. It is really no use at all 
to the process engineer who needs to relate real processes to real 
materials.
So let’s sum up with a task list for modellers and the rest of the 
community

Figure 3. Two key parameters 
often assumed independent 
of temperature in analytical 
models
(top) Thermal conductivity of 
some structural and stainless 
steels. It really is anything but 
constant, but over the tempera-
tures of interest in welding, cut-
ting and heat treatment (> 
850K) it remains fairly flat and 
independent of material.

(middle) Specific heats of of 
some structural and stainless 
steels. The curves are confus-
ing because the specific heat is 
actually well-behaved. (What 
we are seeing at around 1000K 
are the latent heats of the vari-
ous metallurgical phase chang-
es). The structures only 
account for about 10% of the 
heat required to get to the melt-
ing point, so it is reasonable to 
use analytical methods for 
non-melting heat treatment.

(bottom) Chart showing latent 
heats of fusion as a percentage 
of total heat to melting for three 
structural materials, indicating 
the effect of melting on the  cal-
culation of total heat input.

Data from various  
published sources
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Roger Crafer is a partner in Abington Consultants which he co-founded in 1992. 
After training as a physicist at Oxford, Essex (RIP) and Hull he joined The Welding 
Institute to indulge in the delights of  real world laser applications and do a bit of 
computing. Now when he's not writing technical software to finance his laser activ-
ities, he is sometimes seen on the golf course.

Abington Consultants
78 High Street   Great Abington   

Cambridge   CB1 6AE   UK
T: 01223 891576   F: 01223 894663    

E: roger@abingcon.demon.co.uk

The most recent annual meeting of the IEC TC/76 international 
committee took place in Milan (8-12 Nov ‘99) and attracted del-
egates from around the world. The committee responsible for 
developing and maintaining the 60825 series of standards ‘Safety 
of laser products’, of which Part 1 forms the basis of laser safety 
for both manufacturers and users in most countries. 
The work of the committee is currently dealt with in nine working 
groups, of which WG1, 3, 7 and 10 are of particular relevance to 
the industrial laser community. WG1 is responsible for Part 1 of 
the standard, and for over two years now has been working on a 
wide-ranging amendment incorporating some changes in MPEs 
and including a major change to the classification scheme. The 
new scheme will take proper account of LEDs and correct for the 
over-classification that resulted when  the 1993 revision to the 
standard first included these devices without proper regard for the 
consequences of their natural high divergence on the measure-
ment conditions that underlie the classification scheme. The issue 
of measurements for highly diverging sources is a large part of the 
remit of WG3, which is concerned with laser radiation measure-
ment in a safety context.
WG7 is concerned with the unique features of high power laser 
safety, in particular laser guards, and was responsible for Part 4 in 
the 60825 series. The working group is now developing an 
amendment that will include a normative annex for Proprietary 

Laser Guard Testing and an informative annex on the design of 
fibre and free space beam delivery lines.
The proposed change to the test conditions for Proprietary Laser 
Guards will specify more clearly the importance of conducting 
laser damage tests at the power density and beam diameter for 
which the Protective Exposure Limit is specified. It will be pro-
posed that the tests are performed by irradiating the sample in the 
vertical plane and at near-normal incidence. If a focusing lens is 
used, a requirement will be that the sample be positioned not more 
than three times the focal length of the lens beyond the focus. 
Guard manufacturers will also be given recommended test times 
of 30 000 seconds for guards used on automated machines, 100s 
for short cycle operation where there is intermittent inspection, 
and 10s where there is to be continuous observation of the guard.
WG10 has the task of maintaining ISO 11553 ‘Safety of Machinery 
- Laser processing machines - Safety requirements’, (This stand-
ard is EN 12626 in Europe, and is harmonised with the Machinery 
Directive.) One area under consideration is a relaxation of the 
strict requirement to eliminate human exposure above the Class 1 
AEL during production, which presently prevents many open-
topped flatbed cutting machines from full compliance.
Drafts of the revisions of Parts 1 and 4 of 60825 will be circulated 
during 2000 and can be expected to complete the final revision 
and approval process in about two years from now.

Progress in International Laser Safety Standards
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Tasks for modellers
• Improve present models to use sensible input parameters such 

as power, focus system, speed, process gas and material.
• Make models fast enough to be useful. If you can go to a lab-

oratory, do the process, chop up the specimen and analyse it 
faster than the model can run, then the model has no real 
advantage. After all, lasers do it right every time!

• Extend present models beyond predictions of temperature 
only, and include other measurable quantities such as light 
(from the plasma) and sound (from the plasma or the keyhole)

• Close the loop and solve the real problem, which is what con-
ditions will produce the desired result. This is possible now in 
certain cases using manual or other iteration techniques, but 
there are theoretical problems to be resolved.

Tasks for engineers and materials scientists
• Publish your process data and put it in context with experi-

mental conditions and criteria. There is a paucity of real data 
in current journals, and I suspect many journals would wel-
come some high class data to complement all the theoretical 
articles.

• Make available quality thermal parameter data (specific heat, 
conductivity, latent heats, heats of phase change) at tempera-
tures and conditions relevant to laser processing.

A Task for everyone
• For too long experimenters have experimented and modellers 

have modelled. Occasionally they do it together, but not often 
enough. Laser processing is too important to have these divi-
sions. So let’s join forces, combine our efforts and reap the 
rewards.
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The removal or overriding of engineering safety controls during 
servicing operations, possibly coupled with changes in the per-
formance of the laser product, can greatly increase the risk of 
injury from laser radiation, electrical, mechanical and other 
hazards, and a mix of temporary administrative and engineer-
ing controls special procedures may need to be implemented to 
maintain a tolerable level of risk. A risk assessment including a 
review of procedures, a formal hand-over protocol, the use of 
screens or barriers to establish a controlled area with restricted 
access and the use of laser safety eyewear are fundamental con-
siderations in the servicing situation.
Service personnel require specialist training, and the work is there-
fore often sub-contracted to a competent third party, generally a 
representative of the laser manufacturer or machine supplier. Where 
Class 3B or Class 4 lasers are involved, the Laser Safety Officer (or 
general safety officer) for the equipment or area that the servicing is 
to take place has a primary responsibility to ensure that the condi-
tions for safe servicing are created, both for the general workforce 
and for the service engineer. Leaving the service engineer to get on 
with it or requiring him or her to conduct the work in an unsafe 
environment is simply not acceptable. 

Advice for the Laser Safety Officer
Before servicing
- Ensure that the person conducting the servicing is competent. If 

the person is from the company that supplied the equipment, this 
should (hopefully!) be good enough.

- Establish the boundaries of hazard area, who should have access 
to this area during servicing operations, the provision of PPE (laser 
safety eyewear etc.) for those in the area, and the means by which 
other personnel will be excluded. This review will include the 
posting of safety signs and the placement of screens (see note 
below).

- Review the hazards to be exposed and the procedures to be fol-
lowed during the servicing activities. This review should place 
particular emphasis on beam control and termination (e.g. large 
area beam stops), beam visualisation techniques for alignment, 
and the transfer of control, especially where servicing takes place 
at a point remote from the equipment controls.

- Review emergency procedures, including how the equipment 
would be isolated if there is a risk of injury from electrical or 

mechanical hazards, or how a fire would be extinguished if there 
are open Class 4 laser beams. This may involve the presence of a 
company employee (perhaps the LSO) during the servicing, and 
the safety of that employee must then also be considered. 

- Review isolation procedures (e.g. Lock-Out-Tag-Out (LOTO)) 
for times when the service engineer may wish to leave the area. 

- Review the safety of the proposed service activity (i.e. a risk 
assessment: is what is proposed adequate?)   

- Instigate the hand-over of equipment e.g. a permit-to-work. The 
documentation should summarise the agreed activities.

After servicing
- Confirm that the equipment has been restored to normal operation 

and is safe to use; that overrides have been removed and protec-
tive covers replaced, and that temporary warning signs have been 
taken down. 

- Ensure that the log book for the equipment records the servicing 
operation, what was done and any consequent changes to the 
performance of the laser product.

Design of temporary safety screens
Unlike safety eyewear, laser screens do not need to be CE marked 
or be in any way special for laser use. The simplest and lowest cost 
approach is to use metal, treated wood or some other opaque and fire 
resistant material. The inside surface of the screen should be matt 
and painted a light colour to provide maximum visual warning of a 
laser burn. The standard for the user to assess material suitability is 
EN60825-4 ‘Laser Guards’. A 100 s exposure for test purposes is 
becoming accepted as a reasonable choice1.
A simple screen design might have the following features:  
(i) close proximity to the floor, rising to a minimum height of 2.5 m, 
(ii) one or more folding sections hinged together to completely sur-
round the area, with no gaps between sections and a labyrinth 
entrance, (iii) a clearly visible prohibited entry sign at the entrance 
and a large laser hazard warning triangle on each section of screen.

1. The 100 s comes from EN12254 ‘Screens for laser working places - safe-
ty requirements and testing’. This standard is designed for screen manufac-
turers and its scope is limited to laser powers of 100 W CW, so it is not 
strictly relevant in the present context.
2. If there may be personnel overhead work or if downward reflections from 
the ceiling or overhead equipment could be hazardous, then a roof may also 
be required.
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Safety issues in laser servicing
Almost by definition, service operations require the removal of protective covers and/or the disabling of inter-
locks and other protective features. As a result, safety during service operations requires careful consideration. 
Sub-contracting the service work does not take care of safety issues and indeed may present new challenges to 
both the laser user and the service engineer.
The three features that follow deal with some of these issues. The first is a review of basic safety issues during 
servicing from the laser user viewpoint, the second addresses a specific concern of service engineers and the 
third presents a specific example of how a common service procedure can be documented, anticipating hazard-
ous situations and thereby meeting the requirements of risk assessment. 

Basic safety issues during laser servicing
Mike Green 

Pro Laser Consultants

Safety and Standards
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of PUWER 92 and PUWER 98 are very similar.
The PUWER requirements cannot be considered 
in isolation from other health and safety legisla-
tion.  In particular, they need to be considered 
together with the requirements of the Health and 

Safety at Work Act where, again, an Employer's duties are laid out 
regarding the health and safety of his employees.
The conclusion is that the responsibility for equipment being in a 
safe condition and safely operated is well established. In the con-
text of our question, it is the Customer who is responsible and the 
equipment should have already been in a safe condition following 
the Regulations introduced in 1992.

The Machinery Directive 
The Machinery Directive (implemented in the UK in the Supply 
of Machinery (Safety) Regulations and amendments) appears to 
be aimed primarily at equipment when it is first placed into ser-
vice within the EU. This normally applies to new equipment but 
may apply to second-hand equipment if it is being imported into 
the EU and being put into service in the EU for the first time 
(having been used elsewhere before). 
In our question, the equipment is undergoing refurbishment or 
repair. The interpretation that has been published in this case is 
that if the work is carried out on a ‘new’ machine, it may be 
expected that there would have been collaboration between the 
original manufacturer and the reconditioner. Thus, one might 
consider that some of the risks are dealt with by the original man-
ufacturer and the rest by the reconditioner. However, it is impor-
tant to recognise that only one person can sign a declaration of 
conformity; that responsible person must be qualified to respond 
to a substantiated request for the technical file. 
So, whether the machinery will have a new declaration issued 
subsequent to the reconditioning is dependant on the extent of that 
reconditioning and its effect on the essential safety requirements 
of the machinery (i.e. the aspects dealt with by the Machinery 
Directive).  In the majority of reconditioning cases, the function 
of the machine is not being amended and the machinery is exist-
ing work equipment already in use, so CE marking would not be 
required. In the case of rebuilds where significant changes are 
required to bring the equipment up to the required levels of safety, 
or where the use of the equipment has been significantly changed, 
subsequent CE marking may be required.
As from December 1998 in the U.K., when existing work equip-
ment is sold by one Company to another (i.e. trading in sec-
ond-hand machinery), and that equipment is brought into use by 
the purchasing Company, it is considered to be new work equip-
ment and is required to meet all the requirements of PUWER 98 
even though it is second-hand. Thus, the purchasing Company 
will need to ensure that the equipment meets the provisions of the 
Regulations before it is put into use.

Consequences

Lets presume, for amusement, that the laser machine under con-
sideration was put on the market before 1994. Where a Customer 
is asking a reconditioner for his old laser machine to be ‘brought 
up to standard’ or ‘completely overhauled’, I believe that implicit 
in the request is the requirement to ensure that the equipment 
complies with PUWER 98. It is therefore imperative that the 
Customer recognises his responsibility to ensure that the equip-
ment meets these requirements, and understands the extent that 
reconditioning may have to go to in order to achieve this. 
Compliance will certainly involve completion of a risk assess-
ment to identify what needs to be addressed, and the relevant 
current safety standards will help in this regard. There is a degree 
of subjectivity in risk assessments and it is therefore important 
ensure that there is understanding and agreement between the 
Service Engineer and the Customer about what is to be done 
before contracts are settled and, ideally, work commenced. Also 
note that it is incumbent on Professional Engineers to take a high-
ly responsible attitude when engaged in this sort of work as 
required by the ethical policies of their Institutions.
In the case of a Service Engineer rectifying old equipment which 
he believes is not adequately safeguarded, for example, I believe 
the situation is a little more difficult. As a Service Engineer 
brought in to work on the equipment, he could be considered an 
‘expert’ in his field, and ‘competent’ to make judgements within 
his field of expertise, and on this basis he should make his con-
cerns known to the equipment owner.  The equipment owner may 
not be an ‘expert’ (which may be why called on the services of the 
Service Engineer), so this exchange with the equipment owner 
needs to be handled with great skill, diplomacy and the informa-
tion should be given as ‘advice’.  In my view, the responsibility 
for the safety aspects of the equipment still lies not with the 
Service Engineer but with the Customer, who may or may not 
decide to take any notice of the advice that is offered.  
I would also counsel great care as to who is made aware of the 
Service Engineer’s views.  While there is an ethical responsibility 
for the Service Engineer to act as a conscientious ‘expert’, the 
situation can have both political and business consequences. For 
example, it is easy to conceive of a situation where, due to an 
equipment owner not following the advice given, an operator is 
injured and cites the Service Engineer as a witness on his behalf 
in a claim against his employer. Conversely, the Service Engineer 
could be venturing outside his true field of expertise with poten-
tial disastrous consequences for all concerned. Thus, the words 
used and context in which they are given are extremely important.  
In all conditions, I would suggest prudent records are kept of the 
advice being offered through proper documented methods with 
managerial sanction to ensure the correct approach, the correct 
level of authority and the recognition of liabilities.
A tricky situation which I would hope does not occur too often but 
when it does requires the touch of a diplomat to ensure a contin-
uing and satisfactory Customer/Supplier relationship.
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QUESTION & ANSWER Mike Barrett   GSI Lumonics

Overhauling old laser machines?

continued over ...
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Checks of laser beam quality after major servicing of the laser 
can involve taking ‘mode burns’ in Perspex plate for checking 
the quality and direction of the output. The step-by-step pro-
cedure below documents is an example of how open-beam 
work have been conducted safety in one particular client’s 
premises, taking burns at 1 m, 3 m and 10 m distances from 
the laser.

METHOD (Preparation)
1. Move the laser so that it is pointing into an area of shop floor 

with a facing wall, one that must not contain any access points 
within, say, 10 m either side of the anticipated point of impact 
of the laser beam on the wall.

2. Position a stand in the supposed beam path, and on it locate a 
Perspex block (dimensions approximately 200 mm x 200 mm x 
25 mm thick), with the midpoint of the block at the height of the 
laser beam. Position behind the block a sheet of thick cardboard 
at least 1 m square.

3. Cone off with bunting tape a passage of about 5 m either side of 
the beam centre line to the wall. 

4. Ensure that there are no exposed flammable material or objects 
with shiny surfaces within the coned-off area.

METHOD (Mode Burn)
5. With the laser safety shutter closed and the laser powered up, 

adjust the laser power output on the laser control panel to 
about 1 kW (or a convenient pre-determined power level for 
these measurements).

6. Position the target stand 1 m from the laser in the direct line 
of fire.

7. Place look-outs on the outer extremities of the coned off area.

8. Check that the restricted area is clear of personnel and that the 
look-outs are wearing laser safety glasses. Wearing safety glass-
es yourself, unlock the shutter control and activate the ‘shutter 
open’ button for 2 seconds (or the pre-determined exposure 
time). Close the shutter immediately if there is any indication 
that the beam is not fully intercepted by the Perspex.

9. Remove the control key to prevent further opening of the 
shutter and inspect the mode burn on the Perspex block.

10. Repeat the above procedures for 3 m and 10 m distances.

DO
Ensure coned off area is large enough to cope with misaligned 
beam from head.
Post at least two look outs at the end of areas.
Use a suitable stand for the Perspex block and back drop card.
Ensure correct power setting prior to opening shutter.
Ensure the shutter is locked closed and the beam is off before 
inspecting Perspex.
Post a fire watch with an extinguisher.

DON’T
Attempt a mode burn without notifying the LSO.
Allow personnel into coned off area.
Hold the card or Perspex block in your hands.
Use higher power to carry out this operation.
Leave the shutter unlocked.

Outline procedures for open beam kW-class CO2 laser mode burns
Nick Shaw 

Rofin-Sinar Laser

Customers sometimes ask me to overhaul their old laser machines 
or to bring them up to standard. How should I deal with situations 
where the equipment no longer complies to current regulations?  
(Laser Service Engineer)
I find this question particularly intriguing. There are considera-
tions to be made with regard to the Provision and Use of Work 
Equipment Regulations (PUWER), the Machinery Directive as 
well as ethical/business considerations.

Background
PUWER requirements
The PUWER Regulations require that every employer shall 
ensure that all work equipment is used only for operations and 
under condition for which the equipment is suitable. This seems 
obvious until the meaning of the word ‘suitable’ is considered.  In 
the context of this Regulation, it means suitable in any respect 
which is reasonably foreseeable and which may affect the health 
and safety of any person. 
The latest version of these Regulations, PUWER 98, sets out the 

important health and safety requirements, and begins by identify-
ing what needs to be done by a ‘competent’ person conducting an 
inspection. Where a significant risk to the operator or other per-
sons (i.e. a risk which could foreseeably result in a major injury 
or worse), there is a requirement to carry out a risk assessment to 
see if the equipment can be operated and maintained safely and 
that deterioration (e.g. damage or wear) to the equipment can be 
detected or remedied before it results in unacceptable risks. 
With regard to the type of machine we are discussing here, the 
PUWER requirements are virtually identical to the requirements 
of the EU Machinery Directive (and hence the Supply of 
Machinery (Safety) Regulations and amendments). Such equip-
ment introduced into service after 5 December 1998 is required to 
meet all the requirements of PUWER98.  Of course, all equip-
ment introduced for use after 31 December 1994 is required to be 
in conformity with the requirements of the Machinery Directive 
and CE marked. Equipment that fall outside these two situations 
should have been assessed and corrective action taken under the 
requirements of PUWER 92 (EU Directive 89/655/EEC). For the 
type of machine which we are considering here, the requirements 

Safety and Standards
continued from previous page
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Collaborative research projects in Laser Materials Processing

Coventry University
Centre for Advanced Joining 
Priory Street   Coventry   CV1 5FB
John Biffin 
T: +44 1203 838940   F: +44 1203 838272 
E: cex216@coventry.ac.uk

Component nesting appln. development; new; J.Biffin; Industry
High Speed Laser Welding of thin sheet metal; active; N.Blundell
Industrial Laser Processing & Advanced Joining – ERDF
Technology Transfer Programme; active; JBiffin; ERDF
Laser cutting edge quality evaluation; active; U.Lahrmann
Laser processing of dieboards; active; T.Johnson 
Laser Weld post process stress Modelling; active; S.Arunachalam
Laser Cutting & Rewelding for autobody applns; new; S.Crowe
Laser welding – auto body assembly; completed;C.Page; Industry
Plasma Augmented Laser Welding: 

Industrial research programme; complete; C.Page; Industry 
Coaxial processing solution; active; T.Devermann 
Process parameters and interactions;active; J.Biffin

Ultrasonic modification of laser welding; active; N.Longfield 

A partial listing of collaborative research projects in laser related technology and applications, undertaken by AILU corporate mem-
bers. All are either new, ongoing or recently completed. Entries to be included next time include Exitech Ltd, Liverpool University and 
Sussex University. Other members not so far included are also invited to forward project titles.  
Projects are listed in the format of title; status; main contact, funding source. The results of some will be commercially confidential.

Heriot-Watt University
Dept of Physics 
Riccarton   Edinburgh   EH14 4AS
Denis Hall 
T: +44 131 451 3081   F: +44 131 4513088 
E: d.r.hall@hw.ac.uk

Fibre optic delivery of q-switched Nd:YAG laser light for internal flow 
measurements; New; D P Hand; EPSRC/DERA
Manufacturing and Modelling of Fabricated Structural Components; 
New; D P Hand; EC/ industry
Diode laser optics; Active; H J Baker, D R Hall;Industry 
Face pumped diode pumped solid state lasers;Active;H J Baker, D R 
Hall; EPSRC/Industry, DERA
High power planar waveguide CO lasers; Active; H J Baker/ D R Hall; 
Industry
High power planar waveguide CO2 laser oscillators; Active; H J Baker/ 
D R Hall; EPSRC/ Industry
High power xenon lasers; Active; H J Baker/ D R Hall;DERA
In-situ material and environmental monitoring; Active; J D C Jones; AWE
Interferometric interrogation of Bragg gratings sensors for temperature 
independent strain; Active; J D C Jones; BAE SYSTEMS 
Laser Engineering for Manufacturing Applications (LEMA): Fibre optics - 
high brightness beam delivery; Active; D P Hand; EPSRC 
Laser Spatial Pattern Gen.; Active; H J Baker/ D R Hall; EPSRC/ Industry
Optical fibre sensors for temperature-independent strain measurement; 
Active; J D C Jones; DERA Farnborough
Optical fibre strain measurement for array shape determination; Active;  
J D C Jones; DERA Winfrith
Opt. addressed aerodynamic pressure probes; Active; J Jones; EPSRC

Loughborough University
Department of Mechanical Engineering 
Loughborough   Leics  LE11 3TU  
Karen Williams 
T: +44 1509 228390/1   F: +44 1509 223934 
E: k.williams@lboro.ac.uk
Conduction limited carbon dioxide laser materials process-

ing using diffractive optical kinoforms;New;K Williams;EPSRC
Process monitoring and control during laser cutting;Active; 
K Williams, J Tyrer
Laser drilling of ceramics and metals;just complete;J Tyrer
Laser Shearing of Glass;just complete;K Williams;Industry
SMUDOE (Manufacturing Using Diffractive Optical Elements);just 
complete; J Tyrer; DTI link

National Centre for Laser Applns.
Physics Department 
National University of Ireland, Galway, Ireland
Thomas Glynn 
T: +353 91 750469   F: +353 91 525700 
E: thomas.glynn@nuigalway.ie
Laser R&D: Development of direct fibre-coupled, low 

divergence diode laser system for materials processing applications. ; 
Active; Enterprise Ireland funding
Laser R&D: Development of real-time weld monitor using acoustic and 
optical signatures; Active; Enterprise Ireland funding
Measurement services: Surface profile and Raman measurement of dia-
mond-like carbon films deposited on polymer materials; Active; Industry. 
Process development: CO2 cutting of polymer/ paper sheet for packag-
ing industry; Active; Industry.
Process development: CO2 laser welding of polymer- based medical 
device; Active; Industry/ Enterprise Ireland co-funding.
Product development: Development of excimer laser micro-machining 
process for new drug delivery system; Active; Industry.
Product development: Excimer laser micro-machining of novel poly-
mer-based medical device prototypes; Active; Industry.
Product/ process development: 3 projects ongoing on precision YAG 
welding/ forming of metals for medical devices. ; Active; Industry/ 
Enterprise Ireland co-funding
Technology transfer: Training and lab feasibility trials; Active; ERDF

Planar waveguide CO2 laser amps;Active;H J Baker/ D R Hall; Industry
Planar waveguide lasers for coh’t lidar; Active; H J Baker, D. Hall; DERA
Precision Laser Drilling; Active; D P Hand; EPSRC
Precision Laser Drilling; Active; D P Hand; BAE SYSTEMS
Prec’n laser proc. of dielectrics; Active; H J Baker/D R Hall; Industry
Fibre optic sensors for condition monitoring systems; recently completed; 
J D C Jones; EPSRC
Graded Phase Laser Resonators;Recently completed;H J Baker/ 
D R Hall; EPSRC, Industry/ DERA
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April
5  ‘What’s New in 

2000?’, AGM, and 
tour of RP facility

 AILU members only
 De Montfort University, 

Leicester
 Further Info: AILU

10-13 Engineering Lasers 
2000

 NEC Birmingham
 T: +44 1737 855162   F: 

+44 1737 855469

10-14 Mach 2000
 NEC Birmingham
 F: +44 20 7298 6436

May
24 Report of USA 

Jobshop Tour
 Open morning meeting
 Techno Centre, Coventry
 Further info to come

 May  (cont.)
24 Maintenance & 

Servicing of Laser 
Machines

 AILU job shop members 
only (after USA jobshop)

 Further info to come

June
22 Exploiting Laser 

Technology in 
Microengineering

 Open Workshop
 School of Engineering, 

University of Sussex
 Further info to come

September
7 State of the Art in 

Laser Processing
 Open Workshop
 TWI, Cambridge
 Further info to come

Sowerby Research Centre
FPC 267 
PO Box 5   Filton   Bristol   BS12 7QW
Len Cooke 
T: +44 117 9363545   F: +44 117 9363733 
E: len.cooke@src.bae.co.uk

Diode Laser Materials Processing (DILAMP); active; L. Cooke; Brite-Eur
3D Laser Processing (TRILAP); active; L. Cooke; Brite-Euram
ALLTA (laser drilling); active; L. Cooke; Brite-Euram
Large area machining applications (LAMAS); active; L. Cooke; Brite-Eur
Develop’t of cleaning technologies (DOCT); active; L. Cooke; Brite-Eur

Swinburne University of Technology
IRIS (Industrial Research Institute Swinburne) 
PO 218  Hawthorn  Melbourne  Vic 3122  Australia
Erol Harvey 
T: +61 3 9214 8600   F: +61 3 9214 5050 
E: eharvey@swin.edu.au

Calibration microstructures for scanning confocal microscopy; Active; 
E. Harvey; industry
Development of advanced electrode arrays for the Cochlear implant.; 
Active; E. Harvey; industry
Development of CAD / CAM systems for Excimer laser projection 
machining; Active; E. Harvey;
Development of laser micromachined array microphone; Active;  
E. Harvey; industry
Direct laser deposition; Active; M. Brandt
Excimer laser fabrication of optical structures in plastic bank notes; 
Active; E. Harvey; industry
Excimer micromachined micro optics for atom lithography studies; 
Active; E. Harvey
Excimer laser mod’n of thin magnetic films; Active;E Harvey; CSIRO
Excimer laser surface modification of polymers for improved biocom-
patibility; Active; E. Harvey; CSIRO
Femtosec ablation in polymers, glass and metals; Active; E. Harvey
Laser cladding using 3kW Nd:YAG; Active; M. Brandt;
Laser forming of sheet metal components; Active; M. Brandt;
Laser micromachined microfluidic devices; Active; E. Harvey; industry
Laser pattern surfaces controlled cell adhesion; Active; E. Harvey; CSIRO
Laser patterning to produce smart fasteners; Active; E. Harvey; industry
Microperforation of packaging films; Active; E. Harvey
Modification of materials for enhanced laser machinability using nano-

Oxford Lasers Ltd
Abingdon Science Park 
Barton Lane   Abingdon   Oxon   OX14 3YR
Martyn Knowles 
T: +44 1235 554211   F: +44 1235 554311 
E: martyn.knowles@oxfordlasers.com

Kinetically Enhanced Copper Vapour Lasers;Active; M Knowles; internal

TWI
The Laser Centre 
Granta Park  Great Abington  Cambridge  CB1 6AL
Paul Hilton 
T: +44 1223 891162   F: +44 1223 892588 
E: pahilton@twi.co.uk
Cost Eff. Manufacturing- Welding Aerospace Materials; 

Active; P Hilton
Exploitation of High Power Nd:YAG Laser processing; Active; P Hilton

National Uni. of Ireland, Dublin
Dept of Mechanical Engineering 
Belfield   Dublin 4   Ireland
Leo Sexton 
T: +353 17061987   F: +353 12830534 
E: leo.sexton@ucd.ie
Drilling in Multi Layer Systems in Aerospace 

Components; active; Leo Sexton; RTII (Research & Technology 
Innovation for Industry) - EU/Irish funds plus aerospace company

University of West of England
Engineering Faculty 
Franchay Campus   Bristol   BS16 1QY
John Kamalu 
T: +44 117 965 6261   F: +44 117 976 3873 
E: john.kamalu@uwe.ac.uk

Design optimisation for a laser processing chamber by computational 
fluid dynamics; active; J Kamalu; Industry
Laser drilling of variable angle holes in different materials; active;  
J Kamalu; Industry
Optimisation of the laser drilling process using statistical techniques; 
active; J Kamalu; Industry

particles; Active; E. Harvey; CSIRO
Monitor and control of laser cladding; Active; M. Brandt
New Materials and processes for surface micromachining using lasers; 
Active; E. Harvey
New techniques for laser micromachining glass; Active; E. Harvey
Patterning high temperature superconducting films for telecom applica-
tions; Active; E. Harvey
Thick plate cutting with Nd:YAG laser; Active; M. Brandt
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