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Tribute to AILU President at ICALEO

On the occasion of his retirement as James 
Bibby Chair of Engineering Manufacture 
at the University of Liverpool, a special 

technical session was organised for AILU President 
Professor Bill Steen at ICALEO (the International 
Laser Materials Processing Conference) in Orlando 
last November, as a tribute to his work as a scien-
tist and educator. 
Over his active research career from 1977 to 1988 
at Imperial College London and 1988 to 1998 at 
Liverpool University, Bill has authored or co-au-
thored  514 papers. As well as a prolific researcher, 
Bill has been a tremendously successful motivator 
of new talent to explore it in partnership with him. 
Just over half the Steen papers are devoted to the 
subject of laser surface treatment techniques 
(LSTT), with his first papers in laser cladding and  
laser surface transformation hardening of carbon 
steel appearing in 1978. Landmark publications in 
the period 1983 - 1987 saw innovations in laser 
cladding (including in-situ alloy formation, varia-
ble composition cladding, nozzle design and pow-
der delivery methods) that are still innovative by 
the standards of today. 1992 marked the launch of new laser 
sealing methods for radioactive contamination, followed by inno-
vative laser removal methods (scabbling). As early as 1993 pub-
lications were appearing on metallic component prototyping 
using laser cladding (laser direct casting); by 1994 on laser clean-
ing and by 1995 on laser bending, all LSTT technologies with a 
high level of current interest. 

It is a testament to the high regard to which Bill Steen is held in 
the international industrial laser community that so many of his 
colleagues, friends and former students attended the event. 
Likewise, it is a testament to the work of Bill and his collabora-
tors in LSTT that a number of the possibilities they have suggest-
ed are now more than ever of interest to a new generation of 
workers seeking to develop new laser based processes that can 
compete with established conventional processes. 

Opening the special tribute session to AILU President Professor Bill Steen at the 
ICALEO conference (Orlando, November 1998). L to R: John Dowden, Bill Steen, Walt Duley. 
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DTI grant launches pictorial database
AILU has secured short-term DTI support for a new initiative to 
assemble good quality illustrations and photographs relating to 
industrial laser technology and applications. The material will be 
used to illustrate a new database of industrial laser applications 
on the open area of our web site, and to create an up-to-date 
library of presentational material for use by AILU members.
Members called upon to make a presentation involving laser pro-
cessing will have access to some first class up-to-date illustra-
tions and photographs. Moreover, the database will undoubtedly 
attract new visitors to our web-site and encourage them to seek 
out laser products and services using the on-line sub-contract 
directory (see Internet feature on p 3)  
Requests for photographic material were sent to members early in 
the new year. The response so far has been good and the first 
phase of the applications pictorial database will be on the web site 
by late March. The grant, which extends only until 10 March, has 
allowed us to establish the database and electronic library, but the 
activity will be ongoing and photographic contributions will con-
tinue to be welcomed. Further info. from the AILU office

New style directory
A new-style directory of products and services provided by 
AILU members is now available, free of charge, thanks to those 
members who agreed to place advertisements. The Association is 
sensitive to maintaining commercial neutrality and all members 
are entitled to a free listing in the directory.
Most of the large number of supplier queries received at the 
AILU office and at exhibitions are 
satisfied by providing the enquirer 
with a free copy of the P&S direc-
tory. Last year over 500 copies of 
the directory were distributed in 
this way and the new-style directo-
ry is sure to be even more popular. 
As changes to the directory infor-
mation are notified, the P&S direc-
tory on the AILU web site is kept 
fully  up to date and includes links 
to members’ pages. (see Internet 
feature on p 3) 

By Ken Watkins

mike
AILU Magazine header



2

Editorial

Issue 14, February 1999 The Industrial Laser User

First international workshop

Microengineering 
with lasers’ on 9 
June 1999 at 

Rutherford Appleton 
Laboratory near Oxford, will 
be the first international 
AILU workshop and will 
include invited presentations 
by leading European indus-
trialists. Presentations will 
address a range of laser pro-
cessing techniques including 
micromachining, via and ink 
jet nozzle drilling, photoli-
thography and annealing.
“My main mission for organ-
ising this meeting,” said Malcolm Gower (Exitech) who has 
invited the speakers and will chair the meeting, “is to bring the 
laser and microengineering communities together, to make each 
aware of the others technologies, problems and opportunities. 
This meeting will raise the profile of laser micromachining in the 
microengineering community and starts to bridge the large aware-
ness gap that currently exists. In my view this is one engineering 
discipline which could see a huge growth in the take–up of laser 
technology over the next decade.”

By providing solutions to critical problems in manufacturing inte-
grated circuits, hard disks, displays, interconnects, desktop print-
ers and telecommunication devices, pulsed laser materials pro-
cessing is a key enabling technology allowing the current revolu-
tion in IT to continue. It is underpinning technology in nearly all 
industries manufacturing high-tech products. The combination of 
high-resolution, accuracy, speed and flexibility has resulted in 
laser technology gaining acceptance in many high-tech fabrica-
tion industries where microfabrication is crucial. Furthermore, 
Governments of the major manufacturing nations, as well as the 
5th EC Framework, are increasingly promoting microsystem 
technology (MST) as a leading enabling technology of the 21st 
century.

Laser jobshops unite
The laser cutting jobshop fraternity is the best defined group 
within AILU and it makes up the largest single element of our 
membership. The AILU meeting at NG Bailey’s Training Centre 
(Ilkley, Leeds) on 4 May will be the first manufacturing event 
AILU  has organised to meet the specific needs of laser jobshop 
owners. The programme for the meeting will include a balance of 
jobshop business (sourcing materials, profitability etc.) and tech-
nical issues, with lots of opportunity for discussion. 
There is clearly a need for regular special meetings to address the 
specific interests and challenges of laser jobshop work. Some 
laser jobshop members have already met informally to discuss 
the scope of such meetings. As a result, proposals to form a laser 
cutting jobshop (LCJ) group within AILU will be discussed at the 
Association’s AGM on 7 April (see feature below). The link with 
other Association members is seen as a key element to ensuring  
technical and commercial impartiality.
Suggested activities of the group include meetings, surveys and 
an additional (short) newsletter for group members, specifically 
addressing jobshop business issues. 

Erratum:
1998 AILU award (Issue 13, p 3). In the 
archive picture of the JK Lasers team the lady 
in the foreground is Ron Burbeck's wife 
Gloria, Company Secretary, not Tina Wright 
as stated in the caption. Our apologies to all 
concerned.
Thermal welding processes: laser welding 
(Issue 13, p 35). Anyone wishing to buy the 
advertised book from IREPA Laser should try 
tel : +33 3 88 65 54 00, fax : +33 3 88 65 54 01.
Lasers in aerospace manufacturing (Issue 13, 
p36). Air travellers will be relieved to learn 
that the process of controlling laminar flow 
over an aircraft’s wing involves drilling 240 
million  holes of 50 µm diameter , not 50 mm 
diameter as stated in the first paragraph on 
laser hole drilling!

What’s New in ‘99?

The 1999 AGM and general technical meeting at The 
Welding Institute (TWI) in Cambridge  on 7 April will 
break new ground, with the morning technical session 

devoted to key reviews and news announcements on new devel-
opments in industrial laser-based products and services. 
The ‘What's new in ‘99?’ theme offers providers the opportunity 
to ‘say a few words’ and provides an excellent opportunity for 
users to voice criticisms or concerns.  
TWI catering staff will provide an excellent meal and the bar will 
be open  at lunchtime. The formalities of the AGM will be kept 
as short as possible and the day will be rounded off with a tour of 
the TWI Laser Centre.
This meeting is a particularly valuable opportunity for members, 
especially for new members, to meet and to keep up to date on 
what AILU is doing. We will also be looking for two members to 
join the Committee.    Full meeting details with the magazine.

Laser-drilled ink jet nozzles

C
ourtesy Exitech

This issue of the magazine includes 
announcements for the full list of 
AILU workshops and members’ meet-
ings for the year (four of which take 
place before the end of June), plus the 
new on-line database of applications 
and the new directory of products and 
services. Something for everyone, we 
hope! 
Not surprisingly, the period since 
Christmas has been very busy at the 
AILU office. Not so for some of our  
members who have expressed concern 
about the possible continuation and 
deepening of the slow down in UK 
manufacturing output. All the more 
reason for laser users to look to ways to 
improve their utilisation of lasers from 

both a business 
and a techno-
logical view-
point.
In a year when 
we hope to 
send an 
AILU team to 
tour USA laser jobshops and start a 
laser cutting jobshop group within the 
association, it is no coincidence that 
this issue of the magazine emphasises 
issues of particular interest to jobshops,  
including how to clean optics, choose a 
chiller, assess fume hazards when cut-
ting plastics, avoid ‘glitches when cut-
ting thick plate, and improve jobshop 
management. 

A note from the editor
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Not all our members spend their day sitting in front of 
a computer screen, thank goodness! The virtues of 
E-mail aside, it is a little alarming to note that over 

60% of our corporate members appear not to have a web site 
address and are thereby missing out on a low cost and 
increasingly effective means of advertising their services. 
The AILU web site at http://www.ailu.org.uk has been established 
primarily to provide an up-to-date 24–hour resource for members 
plus free web advertising for members offering industrial laser-
based products or services. With the formal launch of the site to 
the wider industrial community still some weeks away, statistics 
of visitors to the site for the last three months reveal a high level 
of use of the AILU directory and a spectacular level of interna-
tional interest. 
The basic site statistics for October ‘98 to January ‘99 are:
• An average of 8,500 requests per month. 
• Over half of the requests were for pages from the directory of 

products and services. 
• Visitors from 61 nations have visited the site.

For member organisations not yet ‘on the net’
DTI Business Links can provide you with all the information you 
need to get you started, including names of local Web site design-
ers. P&S Directory participants automatically have a page on the 
AILU site listing basic contact details. The illustration service we 
offer (see figure opposite) is a low cost way of gaining that all 
-important internet presence.

New AILU Web site proves popular!

Screen dump showing only a part of the page set up for Electrox, the 
first member in the Directory of Products and Services to take up the £95 
offer of a full page designed and installed on the AILU site. 

Ensuring that your web site is awarded a good rating from the 
internet search engines can make a big difference to the number 
of potential clients that visit your site. But what is regarded as a 
good position and how can you achieve it?
The best rating is anywhere in the top 10 (it doesn't have to be #1). 
However, if your site is in the top 30 you will still receive a fair 
number of visitors. Below the top 30 and most people (over 80%) 
will stop looking before they reach your site!
There are several ways you can improve your rating but the key 
to eventual success comes from anticipating the keywords people 
will use to try to find what they are looking for. Create a list of 
key words and phrases that describe your site. Think also about 
alternate spellings and variations of these words.
Web search engines look at three areas of the web page: (i) the 
document title, (ii) the document body, and (iii) the keyword 
‘meta tag’. The manner in which search engines conduct searches 
and rank their findings based on the information found in these 
three areas, varies between search engines, but if a search engine 
can find the words it is looking for in each of these areas, the 
chances are your search rating will be high. Taking the three areas 
in turn: 
Document title. This is the text that appears in the web browser's 
title bar when the page is displayed. You define it using the 
<TITLE> & </TITLE> tags. Try to make the title reflect the con-

tents of the web page as closely as possible using the words from 
your list.
Document body. This is the text between the <BODY> & </
BODY> tags. Most search engines will score a page highly if they 
can find a search word in the document body.
Keyword ‘meta tag’. This is a special HTML tag that you can add 
to the web page between the <HEAD> & </HEAD> tags. Use the 
following structure:
< M E T A  N A M E = " K e y w o r d s " 
CONTENT="keyword1,keyword2,...,keywords">       You can 
add as many keywords as you like but in practice, the search 
engines only look at the first 1000 letters. For example:
<HTML><HEAD> 
<TITLE>ACME Inc., Laser Welding</TITLE> 
<META NAME="Keyword" CONTENTS="ACME,Laser,Lasers,Welding"> 
</HEAD><BODY> 
ACME Inc., provide laser welding products and services. 
</BODY></HTML> 

How to get into the top 10
        Some tips from the AILU site Web Master.

Best value in town!
If you are listed in the Directory of Products and 
Services, please consider supporting the site by 
illustrating the page reserved for you. All we 
need are the pictures and text and SMC Design 
will do the rest.        tel AILU: 01235 539595

£95
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A strategic partnership has been announced between Electrox 
and Telesis Technologies Inc, the US market leader in 
PINSTAMP® marking systems. The end product of collabora-
tion is the Telesis range of laser marking machines. The objective 
is to combine the strengths of the two companies to increase 
market share.
Electrox managing director, Malcolm White, commented, "We 
are delighted with the Telesis collaboration. Their established 
position in the general marking market, their distribution and 
support networks, plus their custom machine capabilities com-
bined with Electrox’s laser design and production skills make for 
a formidable team. The strength of the product and support offer-
ing will exceed anything previously available in the market”.
David Grimes, the President of Telesis, added, "After extensive 
research we concluded that Electrox was the partner of choice 
because of their reputation for an excellent product plus their 
commitment to quality and customer support. I am very comfort-
able with the cultural fit between Telesis and Electrox."
Telesis has built a strong world-wide reputation in the supply and 
integration of industrial identification and traceability equip-
ment. The PINSTAMP® marking systems, based on patented 
floating pin technology, are already widely used across a broad 
range of industries. The introduction of the laser marking system 
gives Telesis the opportunity to offer a complete range of perma-
nent identification solutions. The laser complements the 
PINSTAMP® marking systems and offers high speed marking 
on a broad range of materials.

Strategic partnership between 
Electrox and Telesis Technologies 

Micrometric Techniques has invested in an advanced hybrid 
micro-plasma welder, the first of its kind in the UK. The Sigma 
2000, manufactured by Huntingdon Fusion Techniques Ltd, with 
its fine plasma gas system provides greater accuracy of weld with 
tighter tolerances than either conventional TIG or micro TIG 
welding processes. It can weld materials up to 3 mm thickness at 
speeds of up to 2m/min.
"We believe with its lower capital cost and intrinsic versatility the 
micro plasma welding system will provide a highly competitive 
addition to our existing welding and cutting capabilities which 
include CO2, YAG and laser glove box systems. We can now 
offer customers a very broad selection of precision welding to 
meet specific cost and production requirements," said David 
English, Micrometric Techniques’ operations manager.
Another distinct advantage of the micro plasma welder is that it 
will weld highly reflective materials such as gold, copper, silver, 
titanium and nickel, materials which cannot be welded by laser. 
The micro plasma welding supply can also be used in tandem 
with laser welders to greatly enhance laser weld speeds.

Micrometrics’ new employee Paul Rogers, a graduate in mechanical 
engineering from Leicester’s De Montfort University, who will head the 
new micro plasma facility. Paul (22) is currently researching plasma 
welding techniques for his Master of Philosophy degree.

Micrometric invests in advanced plasma welding

Exitech Ltd, Oxford, UK and Excellon Automation, Torrance, 
California have announced a Strategic Alliance Agreement 
whereby Excellon will have the exclusive manufacturing, mar-
keting and distribution for all Exitech and Excellon/Exitech 
co-developed laser via drilling and routing systems for the elec-
trical interconnection market. All machines will be sold under the 
Excellon banner and all application, service and training will be 
provided by Excellon's worldwide sales and service network.
Exitech is a world leader in developing and supplying laser 
microprocessing tools to manufacturing industry. Excellon 
Automation, a subsidiary of Esterline Technologies is the world's 
leading producer of automated equipment for the drilling of print-
ed circuit boards.
The first laser machine built under this arrangement was exhibit-
ed at the EPC show in Wiesbaden, Germany at the end of 
September ‘98. The Excellon LVD-2001 is a hybrid laser tool 
designed specifically for drilling blind vias and microvias on 
multilayer PCB's and high density MCM-L's, for rapid prototyp-
ing and full commercial production. The dual purpose CO2 and 
Nd: YAG laser sources will drill, desmear, rout and skive both 
copper and dielectrics. Blind via drilling, including desmear, can 
be done on FR4 at 18,000 holes/minute, while drilling rates on 
copper/FR4 combinations can be done at rates in excess of 2,000 
holes/minute, far surpassing competitive products in the market 
today.  Excellon will accept orders for the manual systems for 
shipment beginning March 1999. Manufacture, sales and distri-
bution of Exitech's laser processing systems in other application 
areas continue unchanged.

Strategic Alliance between 
Exitech and Excellon
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Expansion at Micrometric Techniques Ltd 
has led to the appointment of Tony Lister 
as sales engineer. He brings with him a 
wealth of experience gained in the automo-
tive, power generation and agricultural 
engineering industry sectors over a number 
of years.  In this newly created position as 
sales engineer he will be responsible for 
developing new areas of business and liai-
son with the company’s existing customer 
base.

New sales engineer at 
Micrometric

P-OE is to add major new capacity to its diamond turning facility. 
P-OE has sourced its fourth single point diamond turning lathe, 
an Optimum 2400, from Precitech of Keene in New Hampshire, 
USA. Over the past two years P-OE has more than doubled its 
diamond turning order book. Since P-OE acquired its first 
Pneumo Precision lathe over ten years ago, there has been a 
marked improvement in surface quality with measured surface 
roughness, Ra down to 5 nm on a typical aluminium substrate. 
Under certain circumstances Ra to 2 nm can be achieved.
Transmissive optics can be machined as aspheric, diffractive, 
hybrid and Fresnel lenses in geranium, zinc sulphide and sele-
nide, silicon and acrylic (PMMA) and other plastics. Reflective 
optics and mould tools can be machined in aluminium alloys, 
OFHC copper and copper alloys, brass and bronze and electroless 
nickel. 
As its business continues to grow, P-O E has recently appointed 
two new staff. Dominic Whelton joins P-OE from the Mechanical 
Engineering department at Loughborough University. His main 
responsibilities at P-OE will be in the diamond turning facility, 
particularly in the design of tooling. The last two years has seen 
a doubling of orders for diamond machining of optical compo-
nents.
Darren Wiles joins P-OE from Quantum Lasers and is a graduate 
of Heriot-Watt University. He joins the R&D team at P-OE, 
working in laser development and materials processing projects. 
In particular, he will work closely with John Tyrer’s team at 
Loughborough University on novel laser safety test products.

New equipment and personnel at 
Precision-Optical Engineering

To continue expansion in Asia, Electrox has appointed a new 
distributor  - A&P Instrument Company - based in Hong Kong.
South East Asia has become one of the fastest growing territories 
for Electrox over the past few years. This has resulted in estab-
lishing a permanent direct service and support presence in the 
region and the appointment of A&P Instrument Company is the 
next logical step in consolidation in the region.
Commenting of the appointment, Dr Malcolm White, managing 
director of Electrox stated, "The capabilities of both A&P, cou-
pled with the performance and reliability of the Electrox prod-
ucts, will create a strong partnership in this demanding and 
important manufacturing region."

New distributor for Electrox in 
Hong Kong and China

Tony Lister

The FORCE Institute Patent 
Application for Dual Focus™ 
lenses has been successful 
and a Patent has been granted.
V&S Scientific Ltd and 
FORCE have agreed to con-
tinue technical collaboration 
in this new area of optics and 
V&S has been awarded the 
sole license to manufacture 
and market the products.
Although the dual focus lens-
es are not commercially avail-
able yet, an independent laser 
jobshop has tried a lens in a 
Trumpf 3 kW laser system, 
cutting 10 mm stainless steel. 
In comparison with conven-
tional lenses he reports 35% process speed increase and a reduc-
tion of lower-surface dross to 10% - 15% of usual levels. The 
laser user said that the residual dross "could be wiped-off with a 
finger".

V&S secures sole license for  
Dual Focus™ lenses

The Laser  Group in the Department of Mechanical Engineering 
at the National University of Ireland in Dublin has recently 
installed a fully integrated high power Nd:YAG pulsed laser 
workstation manufactured by Baasel Lasertech (BLT) GmbH.  
The StarDrill/Cut 150 is designed for deep hole drilling and pro-
vides a stable pulsed average output power of at least 150 W with 
peak power at 15 kW.  The flexibility of the machine includes 
cutting and welding with fibre optic delivery.
“This is the first time Baasel has moved into the area of deep hole 
drilling with YAGs” said Leo Sexton, Technical Director of the 
Laser Processing Group. “We have identified several areas where 
laser technology is applicable to Irish industry.  Laser percussion 
drilling of hard materials that are not suitable for mechanical 
drilling/cutting are currently being investigated,” he added.
The Baasel system would normally cost approaching IR£200,000 
but as this is a joint venture between Baasel and the University, a 
substantial discount was allowed. Sponsorship came from 
Advanced Manufacturing Technology Ltd and Materials Ireland 
Ltd. Both companies are part of the Programmes in Advanced 
Technology (PATs) initiative set up by Enterprise Ireland, a gov-
ernment body which sponsors Irish industrial research and assists 
in technology transfer.

Laser drilling facility established 
at National University of Ireland

Interested? Call Leo Sexton on +353 17061987
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The Centre for Advanced Joining, based in the School of 
Engineering at Coventry University, has recently been awarded a 
European Regional Development Fund (ERDF) grant to introduce 
small and medium enterprises to industrial laser processing, and 
support in the development of their applications.
The four year European project aims to introduce alternative and 
innovative methods of manufacturing to small and medium sized 
enterprises, who cannot afford the high cost of the research and 
development costs inherent of new technology. The grant, worth 
in excess of £1.5 million, is targeted at eligible manufacturing 
companies within the West Midlands Objective II region. The  
focus is on employment safeguarding and job creation through an 
intensive programme of technology transfer and support.
‘The programme provides a route for smaller firms to engage with 
these technologies’, said Nic Blundell, Senior Project Officer. ‘A 
number of organisations are supporting the programme, and in the 
region of £350,000 funding has been provided by companies 
including Rofin-Sinar Laser, Kuka Robot Systems, Mechtronic 
Industries, Total Process Cooling and V&S Scientific.’
The core activities of the programme are located at the Centre, 
providing laser processing facilities including high power CO2 
systems and a 6 axis robotic Nd:YAG facility, capable of process-
ing complex three dimensional components. 
In order to raise awareness of the capabilities of laser processing, 
a number of technology application projects will be carried out in 
conjunction with regional SMEs, and various technology transfer 
events are planned.

‘To date, around 40 small businesses have been introduced to the 
programme, and a number have utilised the facilities provided by 
the grant to carry out process evaluations and initiate application 
development programmes. Several companies are keen to evalu-
ate the PALW technique developed by the University. Technology 
application projects are also carried out at beneficiary SME and 
partner organisation facilities as appropriate,’ explained Project 
Manager John Biffin.
During the period of the award, the programme of activities will 
also include a detailed study of the laser processing requirements 

Any manufacturer trying to stick two pieces of polypropylene 
type materials together is usually faced with environmentally 
unfriendly pre-treatments. Some use solvents, while others are 
heat based, but all waste time and cost money. Thanks to a set of 
novel laser bonding techniques developed by the Warwick 
Manufacturing Group at the University of Warwick, these can 
now be dispensed with. 
‘I have devised a very different approach that goes against con-
ventional thinking about the use of lasers to solve plastic bonding 
problems,’ said Tony Hoult. In this approach, a range of plastics 
behave as if they were transparent, allowing the laser light 
through to the interface between the two components. Plastics and 
reinforced engineering plastics can be bonded without disfiguring 
pre-treatment and the technique quickly and easily bonds a wide 
range of plastics to rubbers, plastics to foams, and foams to 
foams.
“We have done a whole series of lap shear tests on laser welded 
GMT to GMT, using our Scorpion 400 W Nd:YAG laser. I am 
hoping to publish these results along with a comparison using our 
new 1.2 kW Rofin diode laser, which I have assured myself 
behaves in a similar manner, but with subtle differences due to the 
cw nature and shape of the spot,” said Tony Hoult. “With proper 
joint design, full strength welds are easily achieved in thermoplas-
tics.”

Warwick research into laser bonding of plastics

Tony Hoult with his new Rofin diode laser. “I think that people really don't 
understand the interesting possibilities for cheap low intensity infra red 
laser power. There are still some very interesting applications to be 
developed using the preferential absorption and transmission of these 
cheap photons at this wavelength by different components in the surfac-
es of many 'composite' surfaces“

Coventry University makes light of business support

The Centre has also recently installed a Rofin CO2 laser integrated with 
an industrial cutting and welding system.

continued on next page

Further info? Contact Tony Hoult on 01203 522650
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Eurolaser Academy 1999 
at 

The University of Liverpool

An Intensive Course on the 
Technology of Industrial Laser Applications

Lectures:
15 to 26 March 1999 at The University of Liverpool,
Fundamentals, processes, applications, health and safety.

Practicals: 
1 week in June 1999 at The Vienna University of Technology

Contact
Dr Ken Watkins, Tel 0151 794 4839, Fax 0151 794 4892

email kwatkins@mechnet.liv.ac.uk
Dr Roger Crafer, Tel 01223 891576, Fax 01223 894 663

email roger@abingcon.demon.co.uk

Supported by the Leonardo da Vinci Action Programme

Motivated graduate manufacturing engineer seeks employment in 
expanding successful company. Preferably with the opportunity 
to pursue and develop an existing knowledge in welding, includ-
ing ‘hands on’ experience. Final year dissertation was an investi-
gation of autogenously welding aluminium using TIG and plasma 
arc processes. Currently travelling, ready to start July/August or 
sooner if required.
Contact AILU office for copy of CV

Motivated Graduate

There is a strong case to be made for LSTT and its industrial 
potential. Laser  cladding, the most complex and difficult-to-con-
trol of the laser surface treatment techniques, currently offers the 
greatest potential, with prospects for rapid production from CAD 
data without the need for tools or dies. LSTT is poised to trans-
form  manufacturing. 
The case for the development of a new technology must rest on 
the demonstration of unique advantages. In the case of laser cut-
ting, the combination of process flexibility, process turnaround 
time and quality of surface finish for low and medium gauge 
sheet offers clear advantages over conventional cutting routes; the 
challenge now is to approach press brake speeds with thinner 
gauges and to achieve process competitiveness at thick gauges. In 
laser marking, process flexibility and quality and permanence of 
mark on a wide range of materials has allowed the process to be 
widely accepted ahead of its competitors. And in laser welding, 
the generation of the keyhole offers qualitative advances over 
conduction limited weld techniques in weld speed, width, quality 
and weld properties, and this includes the merits of laser welded 
tailored blank technology. The worldwide market in laser systems 
for manufacturing in 1997 (Review and Forecast of Laser 
Markets 1997, Laser Focus World, January 1997) included cut-
ting (37%), marking (21%), microprocessing (18%), welding 
(16%) and drilling (2%), with LSTT making up an unknown 
fraction of the remaining 6% of various activity. On the other 
hand, research and development activity has remained high. 
LSTT faces competition from a much broader range of conven-
tional techniques (including electro-deposition, diffusion bond-
ing, nitriding, ion implantation, CVD, plasma spraying etc) than 
has been the case for cutting, marking and welding. The signifi-
cant LSTT advantages of a dense surface layer with no porosity, 

high integrity bonding, precisely control of depth of penetration, 
etc. have to be balanced against its principal limitation that area 
coverage is dependent on the overlapping of successive tracks 
(typical width 2 -3 mm or less for moderate power CW lasers) 
which places restrictions on the degree of compositional and 
microstructural uniformity that can be achieved on a component 
surface. 
The future of LSTT may depend less on competing with other 
established surface treatment techniques in large area coverage 
applications but more on exploiting what is unique about the laser 
based approach.
One such feature, the ability to treat localised areas without 
affecting the bulk component, is exemplified in the localised laser 
cladding of wear resistant alloy on engine valve seats, where 
enhanced performance is achieved at highly selective locations on 
a component surface without affecting bulk component proper-
ties. A further example lies in the use of laser cladding for the 
localised repair of components. Aircraft turbine blades have been 
repaired in this way for a number of years. Research into laser 
direct cladding is currently on-going in number of groups world-
wide. 
All the evidence is that LSTT could be as important a use of high 
power lasers in ten years time as cutting, welding and marking are 
now. Building on the depth of knowledge produced by Bill Steen 
and his collaborators and the many others who have worked in the 
field, new generations of researchers and developers are seeking 
out applications of LSTT that make special use of its unique 
advantages.
Thanks to the Laser Institute of America for permission to repro-
duce text from Ken Watkins review, the full text of which will 
appear in the Proceedings of ICALEO’98.

Laser Surface Treatment Techniques
Continued from page 1

of regional SMEs, to ensure that the subcontract infrastructure 
develops to meet their expanding requirements.
‘Stimulated by the programme, increased application of this tech-
nology will provide more work for regional subcontract laser 
facilities, both in areas that they are familiar such as laser cutting, 
and more innovative applications introduced through the pro-
gramme. This is clearly of benefit to both SMEs who wish to use 
industrial laser processing, and to those that service this require-
ment,’ said John Biffin. 

The Industrial Laser UserIssue 14, February 1999

New Coventry project (continued)

Further info? Contact John Biffin on 01203 631313
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New Products and Servises

New Products & Services
Oxford Lasers produces 

high-precision simulated defects
Oxford Lasers CVL processing  makes it possible to produce 
slots or defect simulations at widths of only 4 to 5 µm with 
extremely high aspect ratios (depth:width) up to 60:1. Such dan-
gerously fine defects do occur in reality but are particularly diffi-
cult to replicate artificially in test pieces for the certification of 
NDT operators and for use in inspection qualification procedures, 
and to make calibration blocks with reproducible standards for 
ultrasonic, magnetic, penetrant and eddy-current testing.
Laser power can be aimed directly at the test area to machine sites 
that would be otherwise inaccessible, including the interior sur-
face of pipes, tubes and other components. The absence of vibra-
tion or force transmitted to the specimen means that laser 
machining can be used to introduce simulated defects into very 

weak or fragile materials, and the 
non intrusive nature of laser power 
means that very little or no damage 
is caused.

A CVL laser is used to create a very sharp tip profile at the bottom of a 
slot or crack which exactly mimics the form of natural defects and asso-
ciated stress patterns. Various shaped profiles can be produced to imi-
tate surface features such as pits, grooves and other wear formations.

BFi Optilas
5700 Series Capacitor Charging Power Supplies Now Certified 
for Use in Medical Systems
Analog Modules, Inc 5700 Series capacitor charging power sup-
plies is now independently certified for use in medical systems 
worldwide. Available in a variety input and output configura-
tions, these power supplies are now SEMKO and DEKRA certi-
fied to IEC 601-1, ETL certified to UL 544 and UL 2601, and are 
CE Marked.  
High Power OEM Laser Diode Driver
Analog Modules, Inc Model 7701 High Power OEM Laser Diode 
Driver provides output current to 300A peak (10µs risetime) or 
50A CW into diode loads up to 250V. Its floating output can be 
configured for either positive or 
negative output current. 
The high output power, internal fan 
and heatsink, and rugged compact 
chassis make the Model 7701 and 
excellent OEM choice for high 
power DPSS laser applications.

Rofin launch the SC – Series of 
CO2 slab lasers

Based on Rofin’s slab 
design, the SC x 10 and the 
SC x 20 offer  up to 100 W 
(pulsed to 230 W) and 200 
W (pulsed to 480 W), 
respectively, with excellent 
beam quality (M2 = 1.25). 
The lasers are sealed-off 
and compact, making them 
ideally suited for integration into existing system designs.  
Two parallel water-cooled RF-electrodes provide the excitation 
and cooling and a beam shaping module integrated into the laser 
head produces a high quality round symmetrical beam. The laser 
head can be mounted directly onto moving laser systems where 
flying optic or moving table designs would not be practical. A 300 
W model will soon be available and 
there are higher powers in develop-
ment. These lasers are being sold for 
the cutting applications, and also 
they are the heart of a new dot-ma-
trix marking system.

Electrox launch  
IC Scriber software

IC Scriber is a dedicated software user interface for marking 
integrated circuits on the Scriba II series of laser markers. With 
its use, Electrox claims new standards for both productivity and 
ease of use. IC Scriber features include:
• Package Gallery allows the quick and easy creation of new 

package styles and pin out configurations to accommodate 
present and future IC packages.

• Strip Gallery ensures the rapid creation and editing of new IC 
strip configurations.

• Logos and test can be quickly positioned across all ICs in the 
strip.

• Windows 95/NT user interface.
• Preview allows operators to view logos and text prior to plac-

ing them.
• Integrated editing facilities support cut and paste and rotation 

as well as drag and drop of text or graphics for speedy creation 
and manipulation of marks.

• Automatic alignment of text or logos from a variety of datum 
points on the IC.

• Simulate screens provide off line 
creation and visualisation of 
marks of maximum productivity.

• Password control.

Info:
John Boaler 
Oxford lasers 
T: 01235 554211 
F: 01235 554311 
E: oxford.ltd@oxfordlasers.com

Info:
Tim Holt 
Rofin Sinar 
T: 001455 250570 
F: 001455 250599 
E: RofinSinarUK@compuserve.com

Info:
Marvin Ellis 
Electrox Ltd 
T: 001462 834848 
F: 01462 835488 
E: sales@electrox.com

Info:
Mike Hyliands  
Optilas 
T: 01908 326326 
F: 01908 221110 
E: Mike_Hyliands@uk.optilas.com
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There goes the alarm - 6.00am and its time for my other 
half to get up.  I am NOT at my best this early in the 
morning and like a little time to myself to gather my 

wits.  After a light breakfast - I must have breakfast, then it 
doesn't matter if I don't manage to eat again until evening - I 
make the first decision of the day.  I check my computer at 
home for E-Mail and then can either link directly into the 
office at Bredbury or get in my car and join the other 
Lemmings to one of the two factories I am responsible for.  We 
have only recently acquired the second factory based in 
Congleton, Cheshire - about 25 miles away from our Bredbury 
site.  Most mornings it will be Bredbury and an 8.00am start.  
With luck, I will have about an hour before the phone starts 
ringing or before somebody appears at my door with a prob-
lem or query.  Just time to update my to-do-list, switch on my 
computer, deal with a few of the minor items, have a walk 
around the factory to see who is here and what is going on.  
With a bit of luck the post has arrived early; I bin the junk 
mail and deal with the rest as quickly as possible.
Because we are a relatively small company (workforce at both 
factories totals nearly 50) all the Managers wear a multitude of 
hats.  I like to have my finger on the pulse and know pretty well 
what is going on, which means being aware of most problems 
large and small and stepping in when I think I can offer an alter-
native and possibly more effective solution.  Consequently, I don't 
always achieve everything I want to in a day as the nature of our 
business means one phone call can completely alter the plans, but 
I invariably get the most important items completed.
Dependent upon the day and date in the month I will be concen-
trating upon a variety of activities.  More often or not there will 
be a couple of meetings with either visitors, technical sales peo-
ple, managers, quality issues.  Some meetings will be planned and 
others will be impromptu ones needed to resolve a particular issue 
that needs instant attention.  My computer gives me instant access 
to customer information.  At a glance I can tell who has ordered 
today, what we dispatched yesterday, what quotes have been 
issued and which ones did we convert to orders.  This is an ever 
changing picture in an industry whose turn-around time from 
receipt of order and drawing (usually via modem) to despatch 
averages 1.5 days.  Which when you consider that we make from 
scratch and stock only the raw material components, indicates 
how good we are at juggling our production schedule to meet 
delivery requirements.  Everyone is focused on ensuring that the 
customer gets the product and quality he wants and, equally 
importantly, when he wants it.  Our lasers are the work horses of 
our industry and we rely upon them heavily.  The words 'a laser is 
down' immediately means reorganising schedules, juggling deliv-
eries and thinking about overtime.  No, I don't organise all this, 
but I am aware of what is happening and like to be kept informed 
as to any serious problems it may create and to help out where I 
can if needed.
I am very lucky that my job varies so much from day to day.  
Some days I will concentrate almost totally on accounts related 
work, other days it will be travelling to see customers or flying to 

Dublin for Board 
Meetings at our 
Head Office in 
Drogheda, Eire.  
The Board Meetings 
are held in the after-
noon and cover the 
financial progress of 
each of the divi-
sions, the progress 
we have each made 
on certain projects, 
discussions on prob-
lems that may have 
occurred and plans 
for future develop-
ments.  Often the 
meetings run on and 
it is a race for me to 
make my return 
flight.  I hate making those two phone calls from Dublin Airport 
- one to my other half "I've missed the plane" and the other back 
to the factory "Come and pick me up again and get out the camp 
bed".
Most days however are a mixture of paperwork, phone calls, 
accounts related work, some customer contact and ensuring an 
awareness of what is going on at both factories.  Evenings at 
Laserform run late on the shop floor as we operate a two shift 
system, and I often work late when the phones have gone quiet 
and the bulk of the workforce has gone home, to catch up on 
reports or correspondence for customers or Eire.  Then it is home 
to my domestic chores and hopefully half an hour or so to sit and 
relax with my husband and discuss our day's activities over a 
nightcap.
Laserform Dies Limited uses lasers to produce cutting or cutting 
and creasing dies, predominantly for the fibreboard and corrugat-
ed packaging industry, membrane switch/electronics industries 
and gasket industry.  In fact, any industry which uses cutting and 
creasing machinery and requires dies.  The laser is used to burn 
the design (i.e. the required shape of the component to be cut out) 
into the base material (usually 15 or 18mm thick laser plywood) 
and then steel rule is bent and cut to shape and inserted into the 
lasered slot.

Glinys Smith was already employed by the original non-laser 
diemaking company which Laserform Limited in Ireland bought 
into in 1984 and subsequently purchased completely in about 
1989.  She ran the office at that time and over the years pro-
gressed to become the Administration Manager, then Director and 
in February 1993 she took over as Managing Director.  During 
the earlier years she did a 9 month stint in Customer Service, and 
although her background is based in Accounts/Administration, 
she has acquired considerable technical knowledge of our prod-
ucts and processes.

A Day in the Life of .....
Glinys Smith

One of the very few female managers in the laser jobshop business copes with the pressures
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In 1996 the three of us simultaneously joined a small, strug-
gling laser job shop in West Yorkshire, a business with a 
well equipped factory including three excellent machine 

tools. We soon discovered it had a reputation for poor quality, 
late deliveries and low price. When we asked about the jobs in 
hand, no schedule could be provided. Office overheads had 
been kept to a minimum by employing only four personnel. The 
laser cutting machines were a full five minutes walk away, lead-
ing to much wasted time and loss of control, and to make mat-
ters worse the salesman and the senior production engineer 
barely communicated. The result was erratic financial perfor-
mance, hovering around break even.
What had gone wrong? Gradually the truth dawned; it was 
thought that laser cutting was a high-technology business whereas 
in fact it is a service business. The products were the sort of sim-
ple metal components manufactured by mechanical engineers for 
years, but laser job shops use high technology tools as the instru-
ment of competitive advantage.  
We applied the rules for managing a service business. We built an 
open plan office beside our machines on the shop floor: sales 
engineering, finance, production and management all together to 
encourage internal communication. The "customer-first" culture 
was led by managers in their commitment to delivering what 
customers required. Other staff gradually followed, encouraged 
by training and the opportunity for advancement in a growing 
business.
Despite an increase in over-
heads, the number of customers 
rose dramatically. After six 
months we were making small 
but steady profits.  After 18 
months we had doubled our 
staff and were making profits of 
15% -20% of revenue.  At least 
as important, there was pleas-
ure to be found from satisfied 
customers, a growing team and 
the sense of a job well done.  
We would like to share what we 
learned during this period with 
colleagues in the laser industry. 
We are not technologists, but 
simple business folk who are 
enthusiastic about their own 
business.

Key success factors in job shop management
1.  Get it right first time
This is the hardest objective, yet it is essential to success.  
Customers do not want components which fail to match their 
requirements.  
In our experience the most difficult quality issue is that there is no 
common standard. There are many elements of quality in a laser 
job shop, including the dimensions of each component, which 
must be within specified tolerances; the material, which must 
match specification; and the finish, both on the surfaces and the 
cut edge. What is acceptable to one customer may be quite unac-
ceptable to another. 
For example, we have recently started cutting components for the 
light aircraft industry.  When we quoted for the work, the draw-
ings indicated few special requirements. We won the contract.  
Our first deliveries were all rejected, despite our inspection pro-
cedures. We discovered that the appearance of the part was vital 
to this customer.  The reason was simple: some of the aircraft are 
dispatched in kit form, to be assembled by the owner. There hap-
pens to be active internet communications regarding these kits 
and our customer was worried that his components may be criti-
cised, not on engineering or safety grounds, but due to their 
appearance!  
The result was that we had to deliver significant improvements in 
the quality of cut edge and the parts then had to be finished by 

Profitability and Competitive Advantage  
in Job Shop Management

Cal Bailey,  Martin Cook and Barry Proctor

NG Bailey Manufacturing
Ripley Road, Bradford  BD4 7EH  UK

Figure 1. Recording complaints: the third rule of delivering quality on a ‘right first time’ basis  Number 
of complaints and orders  are plotted on the same graph.
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vibratory deburring even though 
this had not been specified. 
We try to deliver quality on a 
‘right first time’ basis by follow-
ing these simple rules:
a) Understand the customer.  

Treat each client as unique 
with his own quality require-
ments. Do not hesitate to 
speak to the client on the tele-
phone. Visit if necessary. 
Document his requirements 
carefully and ensure they are 
communicated clearly from 
salesman to engineer to 
machine operator to packer.

b) Inspect continually.  Inspect 
drawings before they are pro-
grammed; and programs 
before they are cut. Then 
inspect the cut parts. Ensure 
that engineers and operators take responsibility for their own 
work, and sign it off at every stage.

c) Record complaints.  Analyse them; revise procedures; train 
staff continually.  We record number of complaints and orders 
on the same graph - see figure 1.

d) Measure the cost of rework.  This is a salutary reminder of how 
much time and material has been wasted - see figure 2.

2.  Adhere to customers’ schedules
If a customer’s first requirement is for the right quality compo-
nents, then his second is to have them delivered on the right day.  
This may be because he operates a "Just In Time" assembly line, 
or because of a deadline for his customer.  
There are many reasons why adhering to customers’ schedules 
becomes difficult.  If too many deliveries are required on the 
same day, then there may not be time to complete them all. If a 
machine breaks down then the delay becomes worse.
We have no doubt that there is a market for a company which has 
a good reputation for schedule adherence. One of our success 
stories occurred last autumn, when the Land Rover assembly line 
in Solihull was about to stop due to delayed parts from Spain. We 
were called late one afternoon and asked if we could make deliv-
eries the next morning.  We said we could and worked all night 
to achieve the deadline.  We achieved it, and received significant 
follow-on orders.  
Here are our rules to help with schedule adherence:
a) List jobs in their delivery date order.  This helps to focus on the 

urgent tasks.  We have a schedule (revised twice daily) of all 
jobs in hand, listing each task. There is a space for each person 
to sign off when they have completed their task and a daily 
meeting at which scheduling problems are discussed and 
resolved. 

b) Plan ahead.  If materials are on a six-day lead-time, this must 
be noted on the schedule. If people are away on a training 
course, then arrange for alternative staff or overtime.  

c) Organise maintenance.  We operate 24 hours a day and have 24 
hour maintenance cover available.  Keep key spares in the 

factory - not two days away.
d) Measure schedule adherence.  We calculate the proportion of 

jobs which we deliver on time to the customer and compare 
achievement to target - see figure 3.

3.  Focus sales people on the right work
Lasers are wonderful machine tools, but they cannot solve every 
engineering problem! Careful control is needed to ensure that 
inappropriate orders are not accepted.  We find that our sales 
people, in their enthusiasm, occasionally oversell our skills and 
bring in work that we cannot deliver.  It may require a tolerance 
which we cannot meet or a delivery date beyond our capacity.  Or 
they may find customers whose sole interest is in the price we 
will charge.  Most of these jobs can be rejected because either a 
laser job shop will get them wrong (and may incur significant 
costs in rectification), or the job will be delivered satisfactorily 
but at little profit.  Finally, the job may move to an alternative 
supplier for a penny saving.
We have fallen short of this rule many times.  When we arrived in 
the business our major customer was a large earth moving equip-
ment manufacturer whose orders comprised nearly 20% of our 
total business.  Yet we were ill-equipped to meet his requirements.  
After some weeks of expense and exertion we turned his work 
away.  Since then we have been able to focus on our other cus-
tomers and our work with them has grown, more than making up 
for the work we turned away.
So our rules are:
a) Select work carefully: reject what you do not want politely but 

firmly.
b) Don’t play the price game. Work which is won purely on price 

is rarely profitable and is often quickly lost to competition .
c) Manage discounts tightly.  Sales people need an excellent 

understanding of the business, and of the work which a job 
shop can perform well.  For this work they must charge on a 
fixed scale (we charge typically £30/hr for engineers and $100/
hr for machine time).  They need a certain amount of freedom 
to negotiate price but in our experience this is limited.  

d) Measure the time wasted by your estimator.  If a quote isn’t 

Figure 2.  Measure the cost of rework: the fourth rule of delivering quality on a ‘right first time’ basis 
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won then he probably wasted his time doing it. We measure the 
‘strike rate’ and target our sales team accordingly- see figure 4.

4.  Measure the profit on each job
For those who are addicted to tight management, the ultimate 
achievement is to measure the profitability of every job run 
through the business. This is time consuming - time, materials and 
other costs must be allocated to each job.  It also takes time to 
analyse the results.  
However, in our experience, the time is worth it.  We frequently 
find that we estimate a job at 80 hours and it takes 150.  It can be 
worth re-engineering these jobs to take machine time out - and we 
often make big savings.  Equally, we have had the experience of 
estimating engineering time at 1 hour per part when it sometimes 
only takes 15 minutes. The benefits of accurate job profit report-
ing are considerable: prices can be raised on loss-making jobs or 

the work turned away.  
Alternatively, if a customer has 
a lot of work at a price only 
slightly below our cost, then we 
can reduce our price to win it, 
especially when we are slack.
If nothing else is available, we 
sigh and accept that we made a 
bad bargain!  The important 
point is that we know we did it 
- profits did not walk out of the 
door on their own.
These are some of the rules 
which help us run our business 
profitably.  To use the business 
jargon, they provide ‘competi-
tive advantage’. We turn now to 
the future - how might a laser 
job shop develop?

Job Shop Development
Profitable job shop development 

depends on creating sustainable competitive advantage.  There are 
many possible sources of sustainable competitive advantage in a 
job shop environment.  Here are a few:

• speed of quotation •  price

• speed of delivery • specialist capabilities (eg tubes or signs)
• quality • thickness of materials cut

• machine uptime • secondary operations offered

Selection is clearly required. We identify two types of develop-
ment: specialisation and diversification.  Specialisation involves a 
closer focus on specific areas of the business in order to improve 
some aspect of quality to customers.  For example, we have 
recently increased the amount of sign work we undertake. Sign 
work is a specialist area and requires great attention to detail in 

 Figure 3 Measuring schedule adherence. The graph compares the proportion of jobs which we deliver on 
time to the customer with the target figures.

Figure 4. Measuring the ‘strike rate’ of the sales team: the fourth rule of profitability. If a quote isn’t won then your estimator probably wasted his 
time doing it.
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I would like to congratulate the authors for the refreshingly open 
manner in which they have gone about their work. When contrast-
ed with the almost cloak & dagger approach adopted by many job 
shop owners, this paper exhibits all the hallmarks of a manage-
ment team who know what they are about and, more importantly, 
where they are going and how they will get there.
Too often today we hear the laser jobshop community talk almost 
exclusively about kilowatts of power, metres per minute, millim-
eters of thickness, OFN cutting, etc.  It is almost like listening to 
young 8-year old boy scouts comparing their manhood around the 
campfire! The authors on the other hand have not referred once to 
the technology or capacity of their jobshop. Instead we see great 
emphasis on the things which count most with customers - quali-
ty, delivery, reliability, speed of response on quotations, overall 
value for money.  
It took courage to say ‘no’ to a customer who bought 20% of their 
output. But in the circumstances I believe it was a wise decision 
as many larger companies often show limited loyalty - especially 
where the buying decision is primarily price driven and the ser-
vice offered is widely available. A company with a small number 
of large customers is going to become weak in marketing, selling 

and negotiating. Often it trades from a position of weakness i.e. a 
price taker. Better to have a mix of customers with no one making 
up more than 10% on a yearly basis.  
The importance of added-value services cannot be under estimat-
ed. Three years ago we established a small sheet metal operation 
on the back of our laser jobshop. Today it is a thriving profit 
centre employing 14 people.  The two business units feed off of 
each other.  I agree that machine up time (we call it ‘red light’ 
time) is also critical. Lasers are making you money when running 
and are costing you money when stopped. It is important to have 
the necessary measures in place to track the performance of each 
machine on each shift.  Facts are more reliable than opinions!
This article has made a very valuable contribution to a better 
understanding of what it is that separates the above-average job 
shop from the average. In this regard the ‘Bailey Boys’ are top of 
the class and AILU would be doing the jobshop community a 
useful service if it circulated a copy of the article to every regis-
tered Laser Job shop in the U.K & Ireland!

Sean Mac Entee
Laserform (IRL) Ltd

Comment

engineering, as well as revised inspection procedures.  
Specialisation is likely to be part of every job shop’s development 
program. We will not discuss it further here, as the opportunities 
for development will vary widely.
Diversification is the second, more risky, method of development.  
There are many examples of businesses developing outside their 
competency, and failing.  Therefore we outline three criteria 
which we believe to be essential to successful diversification.  
1.  Added value for existing customers
A successful diversification will bind existing customers more 
closely to the business by offering them additional services. For 
example, many of the parts we manufacture are subsequently 
folded and then painted. If we were to offer those services then 
customers would be more likely to stay with us. We would be 
increasing the value they obtain from us.

2. Creating new customers
Successful diversification should also create new customers, spe-
cifically for the new product line or service. It can go a stage 
further also;  not only should new customers be found for the new 
service, but in an ideal diversification they will also be potential 
customers for the first service. This means that the two services 
must be complementary i.e. each creates customers for the other.  
Laser academics have often encouraged us to offer job shop ser-
vices in developing technologies such as laser welding or clean-
ing. Clearly, these are complementary technologies.  However, 
we do not see them as complementary services - in the sense 
outlined above - from our customers’ point of view.  They would 
be more successful as separate businesses.

3. No culture conflict
Our final criterion for successful job shop diversification is that 
the culture required to manage each service successfully should 
be similar. This stems from our view that any single business can 
only ever have one standard of quality. For example, it is impos-

sible to be both a low cost job shop for painting and a high service 
job shop for laser cutting, the two cultures would conflict and 
diminish both.  

Summary
We have looked at job shop management and development. We 
are optimistic about the future of job shops and believe that sus-
tainable competitive advantage can be achieved. We are convinced 
that technology will not be the key measure of success, but the 
ability to deliver excellent service.

Cal Bailey MA  FCA is the General Manager 
of N.G. Bailey Manufacturing, a laser profil-
ing job shop in the U.K.  He began his career 
with Arthur Andersen and then ran his own 
consultancy, Industrial Turnaround, engaged 
in business recovery.

Martin Cook is the Director of Sales and 
Marketing of N.G. Bailey Manufacturing.  
Previously he was with Boots plc and Laser 
Expertise Ltd.

Barry Proctor I.Eng AMIEE is the Director 
of Engineering and Production at N.G. Bailey 
Manufacturing.  He has also worked for 
Dorman Smith Switchgear and Climet Ltd, 
formerly part of Hanson plc.
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You're about to invest tens, perhaps hundreds of thou-
sands into your new laser cutting machine.  Have you 
considered how you are going to cool it?  Without a 

reliable source of chilled water, not only are you risking caus-
ing costly damage, but you will not obtain optimum perfor-
mance from your new pride and joy. 
CO2 lasers are among the most efficient, yet only manage to con-
vert 5 - 10% of electrical power in into laser light out.  The 
remaining 90 - 95% results in heat which must be removed, most-
ly from within the laser head. In the case of CO2 lasers, laser 
efficiency drops with increasing gas temperature, so as well as 
increasing the life span of the laser, proper temperature control 
and can also increase its output power. “Not providing an ade-
quate source of cooling can cause expensive damage to the laser 
head if it becomes overheated,” commented John Powell of Laser 
Expertise. “Not only optics, but electrical components can be 
damaged as well."
“A common misapprehension in selecting a chiller,” says Powell 
, “is the perception that lasers always require a high degree of 
tolerance on the water temperature. Although some lasers, such as 
those used in many medical and some printing applications 
require tight stability, for the most common CO2 Lasers, a temper-
ature stability of 2 to 3˚C is more than adequate.” 
 In addition to the source, the resonator and beamline optics for a 
high power laser also need to be cooled to prevent them distorting 
the beam or suffering laser damage. Temperature control and sta-
bility is important to prevent condensation on beamline optics, 
and beam wander. Pressure control is also important, to avoid 
excess pressure on hoses and seals, causing leaks or vibrations.    
“Keeping water clean is the main reason for having a chiller,” 
commented Martin Lieb, Technical Support Manager at Electrox. 
“Tap water is really bad for lasers. Within six months they can be 
totally blocked up with silt”.
To prevent furring of the cooling lines on the external optics, Lieb 
recommends the use of demineralised water with inhibitors to 
combat the perils of corrosion and bacteria in the lines. “Ordinary 
automobile antifreeze contains additives that can damage pump 
seals, while laboratory grade ethylene glycol may not, so it is 
important to discuss the fluid you intend to use with the chiller 
manufacturer as sometimes seemingly innocuous additives can 
wreak havoc,” commented Lieb.  
While chillers can alleviate problems associated with tap water, it 
is important that the correct size of chiller for the job at hand. An 
undersized chiller will adversely affect laser's performance and 
may burn itself out. The obvious first point to consider in select-
ing a chiller would be to determine how much heat needs to be 
removed from the laser. Most laser manufacturers specify this, but 
other factors must also be allowed for in determining the final 
heat load. One of the most important factors is the location of the 
chiller:

• 

Locating the chiller a considerable distance from the laser can 
introduce significant heat loss through the extra plumbing 
involved. The chiller does not necessarily need to be sited in 
close proximity to the laser. Allowing for some extra pumping 
and cooling means that the chiller can often be located in a 
more acceptable site away from the laser, either in a different 
part of the building or outside, saving valuable floor space.

• If the ambient temperature at the chiller location could rise 
above 25oC, it is likely that the cooling capacity of the chiller 
will fall. 

• The environment in the location of the chiller should be as 
clean as possible. Refrigerated recirculators rely on a source of 
air blown across a condenser to enable cooling of the refriger-
ation system, and if this cooling is blocked in any way - either 
by the restriction of air flow due to improper siting or by the 
insulation of dirt and dust on the condenser - the chiller will 
lose its own cooling efficiency. It will normally cut out when 
its own internal workings become too hot. While most chillers 
are air-cooled, but in some installations a water-cooled version 
may be preferable. 

Chillers are available with safety features such as alarms, cutouts 
and switches that can be used to alert the laser operator to faults 
that might affect the laser. Most lasers have their own built-in 
safety features to address critical faults but, particularly when 
considering the installation for an older laser that might not have 
such advanced features as more modern versions, it is important 
to confirm cooling safety features with the chiller manufacturer. 
“As a safety feature, a lot of people put pressure sensors into their 
cooling system,” says John Powell,"which is stupid, because if 
the system does get blocked the pressure can remain high.  A more 
practical solution would be to install in-line flow sensors to alert 
the operator of any loss of flow.”  
In summary, the correct selection of a cooling water system 
entails much more than simply matching the heat output of the 
laser to an equivalent chiller.  By closely communicating with 
chiller suppliers, you should be able to source a recirculating sys-
tem that will provide you trouble-free service for years to come.

Chillers for lasers

Terri Danisevich

NESLAB Instruments UK
93-96 Chadwick Road, Astmoor, Runcorn WA7 1PR
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Whereas absorption in the optical beamline of a low 
power laser is simply a loss of transmitted power, 
the heat generated by absorption during transmis-

sion of a high power laser beam will inevitably produce a level 
of distortion as the optic changes shape and (for transmissive 
optics) refractive index as its temperature rises. Metal mir-
rors have a typical time constant for distortion of less than 0.1 
s (i.e. they ‘instantly’ adapt to the absorbed power, and then 
remain stable) whereas for ZnSe components this process 
takes 20-30 s, long enough for the user to see the gradual 
change in the laser as they warm. Sadly in laser processing 
this can have a positive feedback effect, as optical elements 
distort, the focussed spot and beam alignment drift away 
from the predetermined conditions, so process back spatter 
can increase, causing even more contamination and debris. 
The principles of cleaning outlined here apply broadly to all 
optics, regardless of the operating conditions. The examples 
given are mainly related to infra red lasers, but this is more to 
do with the authors experience than with any other limitation. 
From the moment of their use, and occasionally in storage, optics  
become contaminated. A cutting lens close to plastic being cut, 
will be contaminated with condensates and smoke that are essen-
tially organic, whereas the contamination of a similar lens in a 
dental laser system will be essentially aqueous, or ‘watery’ in  
nature. That a single prescriptive cleaning technique could deal 
with such diversity is not realistic. 
Few optics can be mechanically abraded or soak cleaned, so 
everyday cleaning is limited to wiping with a solvent and a swab. 
There are several aims in doing this:
1 The optic is not mechanically damaged by scratching 
2 The optic is not chemically damaged, by etching or other 

forms of chemical attack
3 That absorption is lowered to a suitable level:
 - transmission of lenses and windows are increased 
 - reflectance of mirrors are increased
Physical removal of the debris or contamination by rubbing is not 
feasible, so cleaning is reliant on the solvent dissolving the con-
tamination, allowing the resulting solution to be soaked up and 
removed by the swab. Creating a ‘solution’ is a chemical process, 
it is not a suspension of solid in a liquid, there are no solid parti-
cles in it.  
Consider an everyday example, washing car bodywork. Rock salt 
is obviously easily dissolved into the water, but no matter how 
many gallons of water are used not a fleck of tar is dissolved.  A 
drop of paraffin, however, results in its complete removal. This 
example shows the importance of knowing the properties of the 
contamination, and then choosing the appropriate solvent. 

The only restrictions in choosing a solvent are avoiding chemical 
damage to the optic and its coating, and Health and Safety 
(COSHH) guidelines. Even the most exotic solvent will cost just 
a few pence per optic cleaned.

Choosing a solvent
A good rule of thumb is "like dissolves like", although how a 
solid can be "like" a liquid is not immediately obvious. The 
answer is to do with electrical field distribution at a molecular 
level; this is termed ‘polarity’. A better adage would be "highly 
polar liquids dissolve highly polar solids, non polar liquids dis-
solve non polar solids". In our car-washing example, salt is high-
ly polar solid, water a highly polar liquid. Paraffin is a non-polar 
liquid and is thus ideal for removing non-polar tar.
It is sufficient merely to have an "instinct" for the polarity of the 
contamination to choose a solvent, as there is a fairly broad over-
lap. The table below gives a feel for polarities of everyday solids 
and liquids. All of these solvents should be readily available, but 
the user should check with the optics supplier for compatibility, 
and be aware of COSHH issues.
Even if one is lucky in choosing just the right solvent, it is likely 
to only dissolve just a fraction of its weight in solids, so several 
repeated applications will be needed to effect removal of a high 
proportion of the contamination. At no time is mechanical pres-
sure needed, the solvent does the work, frantic rubbing will not 
increase it’s dissolving power in the slightest.

The cleaning process
1) The author prefers a swab such as cotton wool, which will 

hold a large volume of solvent. Use natural cotton wool, rath-
er than man-made mixtures, which can cause scratches. The 
swab needs to be free from all particles, and kept in a sealed 
bag. Check for seeds and knots before use. The swab should 
be well wetted, but capable of absorbing a little more liquid. 
Use a piece at least as large as the optics diameter so only a 
single wipe is needed for the entire surface.

Cleaning of Lenses and Mirrors
Mark Wilkinson

Laser Beam Products
Stratton Park, Dunton Lane, Biggleswade SG18 8QS

SOLID POLARITY LIQUID
SALTS/WATERY RESIDUE HIGH WATER/VINEGAR
  ALCOHOL
LIGHT OIL  ACETONE
  METHYL ETHYL KETONE (MEK)
HEAVY OIL  ETHYL ACETATE 
 MEDIUM TRICHLOROMETHANE  
  (CHLOROFORM)
  DICHLOROMETHANE
LIGHT GREASE  TRICHLOROETHANE    
  (TRIKE/GENCLEAN)
  XYLENE
HEAVY GREASE  TOLUENE
  HEXANE
TARS/HEAVY SMOKE/FATS LOW OCTANE

Polarities of comtaminants and solvents
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2) Firstly blow particulate matter off the optic with "canned" air 
(NOT shop airlines which contain oil vapour, no matter how 
well filtered). Don’t forget to check the sides/chamfers, and 
back of the optic where debris can be attached. This can be 
caught up into the swab and then dragged across the surface.

3) The solvent-soaked swab is dragged under its own weight 
ONLY, slowly across the optic. Solvent at the leading edge 
will dissolve the dirt; the trailing edge will absorb the result-
ing solution back off the optic. This should be repeated sever-
al times. It is important that the solvent is absorbed back onto 
the swab and not allowed to dry into a tide mark of concen-
trated dirt. Change the swab every time to avoid particles 
picked up in the swab being dragged back across the optic, 
Also, fresh solvent will absorb the contamination better.

4) Check the optic is bright and free from stains and tide marks. 
A strong lamp is useful here. Don’t forget the back and sides 
of the optic or locating holes. These can retain liquid that can 
later leak out, unobserved, during mounting or installation

5) If this approach is not familiar, then try a few tests on some 
"dead" optics first to a get a feel for the technique.

Just how much care in cleaning is needed?
Two questions should be asked:
1) Have I scratched the optic unduly?
2) Has the absorption of the optic returned to a low enough level 

to allow it to function well?
Any short answer to these questions will be incomplete, and prob-
ably provocative, but some guidance is essential.
Considering scratching: Optics for high power lasers will be of 
good quality despite a small number of scratches that appear to be 
no more than, say, 2- 4 µm wide. With good eyesight, and good 
natural lighting, unskilled examination will fairly easily detect 
scratches at this level. The absence of scratches when viewed in 
this way indicates a good quality surface.  
If after cleaning the optic passes this test, then well done! There 
is in general no need for artificial lighting, or viewing aids, in the 
majority of situations.
Considering absorption: For high power infra red laser lenses, 
such as those of ZnSe, a lens absorbing 0.2%-0.3% of the beam 
will generally prove serviceable. (N.B. this is a very small figure, 
just 2 or 3 parts in a thousand). All absorption causes thermal 
effects and the level at which they become noticeable is lower the 
higher the laser power. A 100 watt system will be one tenth as 
sensitive as a 1000 watt system, so owners of high power cutting 
systems need to especially careful. The cleanliness of output win-
dows are particularly important, as the laser cavity is sensitive to 
misalignment and to the shift in waist location that occurs if the 
window distorts. This will happen sufficiently slowly that the 
laser user will be able to notice it.
Metal mirrors are less sensitive. Molybdenum and Copper mirrors 
for example, can often absorb 2.0% without noticeable effect, ten 
times that of a lens.

Measuring Absorption
Of the two factors above, the degree of absorption is more diffi-
cult to assess than scratching. Unfortunately, lowering absorption 
is often the factor that determines the success of cleaning.

As an optical manufacturer Laser Beam Products can justify the 
use of sensitive PC-based temperature logging; a small sensor on 
the test optic can measure precisely its temperature rise, and 
hence the power absorbed, from a probe laser beam; a facility that 
not even the large laser manufacturers have. The performance of 
the test rig  is illustrated in the graphs above.
In the next few months we will be measuring used optics to assess 
the level of absorption can be suggested as cut off point, and to 
identify contaminants that are particularly strongly absorbing. 
Early results show that the physical state of the contaminant is a 
major factor. For example a finely divided powder has very dif-
ferent absorption to a thin film of the same material. The effect of 
an absorbing layer is illustrated in the curves above, where a drop 
of some fluid, perhaps trapped on the side of the optic or in the 
mount, covers the optic surface. The drop of vinegar in this illus-
tration gave a 10 fold increase but we have found materials that 
can increase the absorption 40 or 50 fold, enough to bring a mirror 
to 100 C in a few seconds during test.

Mark Wilkinson is the Managing Director 
of Laser Beam Products, manufacturers of 
infra red laser optics. After graduating in 
Chemistry, Mark worked for Fibre Optic 
Links Ltd designing fibreoptic television 
and data communication systems, then 
Electrox Ltd (an industrial CO2 laser man-
ufacturer), before founding Laser Beam 
Products in 1990. 

Results from the Laser Beam Products calorimeter. A typical heating 
and cooling curve of a mirror irradiated with a low power CO2 laser. The 
rate of heating and cooling allows calculation of the absorption of the 
optic. The  upper curve is for a 99.2% reflective gold mirror weighing 10 
grams, and probed by a 10 Watt CO2 laser. 
In the lower figure a drop of vinegar was dripped onto the mirror after 60 
seconds; the kink in the curve shows the increased rate of heating, in 
fact absorption is increased ten fold. Instead of an anticipated 1.5 degree 
change, a 15 degree temperature rise is recorded. 
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Laser users will be aware of 
the importance of main-
taining a high quality 

beam to achieve optimum laser 
processing performance.  Much 
like a car with a strong engine 
but weak transmission, the laser 
itself may produce an excellent 
beam but the performance can 
be blunted by beam degradation 
within the delivery system. 
Beam degradation leads to reduced 
processing speed or quality due to 
changes at the focus, hence the 
need for clean, high quality optics and careful alignment. A cause 
of beam degradation in  CO2 laser beamlines is caused by any 
absorption of beam power in the contained gas. This causes pref-
erential heating of the gas, leading to variations in the refractive 
index of the gas, a process known to laser users as thermal lensing 
or blooming.  
Laser OEMs have long been aware of the potential for difficulties 
caused by beamline gas interaction.  They address the problem by 
recommending a supply of purge gas - commonly compressed air 
- into the flight tubes. The use of compressed air has apparently 
been sufficient to alleviate the effect of thermal blooming on gas 
processing.
However, the demand for CO2 laser processing of progressively 
larger workpieces has tended to increase flight path lengths. It has 
become clear that beam degradation can still be an issue and that 
a compressed air purge may not be sufficient for systems using 
high laser power or large or multi-axis beam paths.  This is par-
ticularly relevant in applications where control of the focus con-
ditions is critical, for example high pressure nitrogen cutting.  In 
response, laser OEMs have tended to adopt solutions easiest to 
implement:  dried, filtered compressed air is recommended, with 
some suppliers suggesting nitrogen as an option. 
On the face of it, using powered filters to clean up compressed air 
is a complex solution to a simple problem - getting clean, non-in-
teracting gas into the flight tubes.  The justification is generally 
that it is cheap and convenient.  The alternative purge gas option, 
nitrogen, is actually simpler and more elegant, but appears more 
expensive. Users are generally unaware of the relative costs and 
benefits: many consider compressed air to be completely effective 
and free, which it is not.  
BOC Gases has worked with AEA Technology to look at the 
effects of purge gases on a CO2 laser beam. Using a path length 
of 8m, similar to that found in current large systems, we found 
that:
• nitrogen and oxygen displayed no interaction with the beam, 

even at zero flow;

• carbon dioxide and water vapour showed a moderate level of 
interaction;

• ethylene, a single representative of the huge family of hydro-
carbons, massively degraded the laser beam.

We saw three main effects of gas interaction:
• a degraded beam spatial profile;
• movement of the focus into the workpiece; and 
• loss of pointing stability.
Each of these is likely to have a direct effect on processing.
Fig 1 compares the degradation seen using air compared with 
non-interacting gases. Atmospheric carbon dioxide and water 
vapour cause the downstream beam diameter, and hence the 
divergence, to increase by approximately 10% - likely to reduce 
processing efficiency.  Results for carbon dioxide in nitrogen can 
be seen in fig 2.  These show the progressive increase in beam 
diameter and movement of focus position with increasing level of 
carbon dioxide.  The effect of trace levels of ethylene in nitrogen 
can be seen in fig 3.

The importance of purging CO2 laser beamlines 
Geoff Parkins 

BOC Gases
24 Deer Park Road, Morden, London SW19 3UF

Figure 1 Effect of beamline gas on CO2 laser beam spatial profile. Helium and nitrogen do not interact 
with the CO2 laser beam  The degradation seen using air is caused by the carbon dioxide and water vapour 
components. In this example, the effect is an increase in divergence, by approximately 10% 

Helium Nitrogen Air

Figure 2: Increase in beam distortion as carbon dioxide is added to 
nitrogen
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TIME FOR A PURGATIVE  Comments on "CO2 laser beam flight tube purging".

There are two important con-
clusions from this work:
• a low flow rate of a non-in-

teracting gas, sufficient to 
prevent ingress of contami-
nants from the surrounding 
atmosphere, is all that is 
required;

• even low levels of interact-
ing contaminants - carbon 
dioxide, water vapour or 
hydrocarbons - can lead to 
significant beam degrada-
tion.  

Clearly, it is essential that the 
beam delivery system must be 
free of interacting gas species. 
While regular (shop) com-

pressed air can purge with some effectiveness over small path 
lengths, it is inadequate in maintaining optimum laser perfor-
mance. Further filtration can supply non-interacting gas, but oil-
based lubricants should be avoided to prevent ingress of hydro-
carbon vapour.  So the purge gas supply equipment must be 
carefully chosen, but what is the cost to the user?  
Compressed (shop) air. A typical compressor needs regular main-
tenance and can be unreliable. The purge gas still interacts slight-
ly with the laser beam. Annual purchase and running costs are 
typically £1300 and £600 respectively.  
Actively filtered compressed air.  Powered desiccant drying sys-
tems reduce CO2 and water vapour to non-interacting levels.  A 
compressor is still needed, with the reliability and cost issues 
noted above. Total costs are higher: purchase cost are £2300-
£2500 and running costs £1100-£1300 p.a.

Nitrogen. Nitrogen supply is simple and therefore reliable. With 
an appropriate flight tube design, low flow rates (around 1-2m3/h) 
should be practical. With a bulk liquid nitrogen supply on site, the 
annual gas cost for purging with nitrogen would be around £850 
per annum, with little or no subsequent maintenance.  
The initial objective of this work was to demonstrate the need for 
flight tube purging and to determine the most cost-effective 
option. Compressed air or nitrogen can be used as a purge gas, at 
sufficient flow to compensate for the slight leaks in a typical 
flight tube system.  However, the user pays a premium for an 
imperfect flight tube design and the extra equipment can lead to 
laser downtime.  
Careful choice of the purge gas system will pay dividends to the 
laser user in terms of maintaining optimum processing capability.  
It is encouraging to note that more laser systems builders are rec-
ognising the limitations of air-based systems by recommending a 
nitrogen purge. With a bulk liquid nitrogen supply coupled to a 
laser system with careful flight tube design, the more reliable and 
cost effective option is flight tube purging with nitrogen.  
I would like to acknowledge the contributions of Mike O’Key and 
Mike Osborne, AEA Technology, in this work.

Geoff Parkins has worked in the laser 
industry since gaining his BSc in 1987 
and is currently a laser development 
engineer within the Compressed Gases 
Technology Centre of BOC Gases. He 
is involved in several laser-related 
development projects, customer sup-
port duties, and operates the laser at 
the Group’s facility in London, UK

Figure 3 Effect of 0.004% ethylene 
in nitrogen on spatial profile, 
showing distorted beam (Top) and  
original beam below

While nitrogen may be a cheaper option if you already have a 
bulk supply and you need lots of it, I don't believe that it is gen-
erally a cheaper option. To achieve the low flow rate of air 
required for a beamline only a small air pump and dryer are need-
ed. Of course, these don't remove CO2 but with only 0.03% CO2 
in atmospheric air there is hardly a problem at all. 
Another cause of thermal blooming is beam clipping of beamline 
components. As the components warm up the surrounding air 
heats up, giving rise to thermal blooming! This happens of course 
regardless of what purge gas you use.
I think that most CO2 laser users can happily continue using their 
existing air purges - no matter how keen the gas suppliers are to 
make them believe otherwise!

Jim Fieret
Exitech Ltd

This article lifts the corner of the rug under which we have swept 
those awkward shards of embarrassing reality.  Back in the mid-
80s there was a Eureka programme (Eu 83) that studied the hard-
ware of high power CO2 lasers.  I knew, from an earlier metaphor-
ical "finger-burning" experience, that carbon tetrachloride vapour 
at the barely perceptible level could double the diameter of a 5 
kW beam. Some pretty extensive work was undertaken following 
this experience.
Calculations and scaling laws were derived.  Experimental studies 
on a 20 metre beam flight tube with a 10 kW beam were per-
formed.  They showed that CO2 gas at normal environmental 
levels was just tolerable but that water vapour had to be reduced 
to a dew-point of less than -40°C before it was undetectable.  We 
reckoned that beam powers above 3 kW were susceptible to water 
vapour. However, as Geoff Parkins says, organic vapours are 
death to beam quality (although he does not mention his beam 
power).  Even ammonia vapour from dye-line print developers, 
when fresh engineering drawings were wafted towards a beam 
line could produce severe thermal blooming.  And this is where 
we sweep the real problems under the rug.

Continued on next page
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What about those moving optics gantry systems where the beam 
passes through a long moving flexible flight tube in the form of 
plastic bellows!  Scattered beam warming the plasticiser and the 
pumping action creating large-scale turbulence.  I even found 
examples where those same bellows were used to shield the 
grease covered rack and pinion X-axis drive with the beam pass-
ing less than 100 mm above the rack.  Other examples are well-
oiled sliding metal sheet guards protecting the beam from cutting 
fume and debris.

All in all, I would rather see serious money being put into prop-
erly designed beam delivery systems than spent on fine tuning 
with a pure nitrogen purge.  If you have a high quality 25 kW 
beam and a convenient site supply of liquid nitrogen then certain-
ly divert the boil-off down your flight tubes - but let it warm up 
first.  But then, who has a high quality 25 kW beam?

Brooke Ward
Europtics

Although it is negligible on thin sections, there is a 
break down in cut edge quality over the last millime-
tre or so of a laser cut. This glitch is most noticeable 

when cutting mild steel more than 8 mm thick. A typical 
example is shown in figure 1 below.
The generation of glitches of this type is explained with reference 
to figure 2. It is clear from figure 2a that the cut front is curved 
and the top of the cut front is ahead of the bottom. As the cut 
reaches the edge of the sheet the top of the cut front breaks 
through before the bottom (fig 2b). Because of this, a different 
type of cut front is produced which burns from both sides (fig 2c). 
This results in the type of glitch shown in figure 1 (fig 2d).
Generally this type of cut termination glitch is not important but 
if it is a problem it can be minimised by slowing down for the 
final 2 or 3 mm of the cut. Slowing down reduces the lag between 
the top and bottom of the cut and they both break through the 
material edge together.

Fig 1: A typical ‘glitch’ at the end of a cut in 10 mm thick mild steel. 
(cutting direction; right to left).  The generation of glitches of this type is 
explained with reference to figure 2.

Fig 2: A schematic of the generation of an end-of-cut discontinuity 
as shown in figure 1.

COMMENTS continued from previous page

CO2 Laser Cutting – Notes for Jobshops
an occasional series edited by John Powell

No 2
Comments on the glitch produced at the end of laser cuts

Abridged (with the authors consent) from John Powell’s book CO2 laser Cutting*

*’CO2 Laser Cutting’ by Dr John Powell is now available in 
paperback at £37.50 from major booksellers or the publishers; 
phone 0148 411880 (Published by Springer, 270 pages, ISBN 1 
85233 047 3)
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The successful experimental operation of a maser at 
Columbia University in 1954 lent encouragement to 
the many groups looking to extend the stimulated 

emission process from the microwave to the optical wave-
length regime.  It took until 1960 for the first laser to be suc-
cessfully operated. Hughes Aircraft hurriedly organised a 
press conference on July 7 that year at which Maiman report-
ed laser operation in flashlamp excited pink ruby.  A measure 
of how this caught the popular imagination is that it was 
reported on the front page of the New York Times along with 
a photograph of the inventor and the equipment – reproduced 
in Figure (1).  At the press conference it was reported that 
Hughes had commented that, ‘Such a device, once perfected, 
could generate a fine light beam of sufficient intensity to 
vapourise materials placed in its path’. 
The path from that laboratory experiment 40 years ago to the 
industrial laser products of today is interesting in its own right, 
but is particularly worth considering since it gives insight into 
what developments we might expect in the future. 
For a start, it is worth noting that the goggles worn by Maiman in 
the New York Times picture are clear, they are not ruby radiation 
protection goggles. This suggests that in 1960 the greater safety 
risk was seen as due to exploding flashlamps rather than powerful 
laser light. In the intervening years, major steps have been made 
to improve lamp quality, reducing stresses by design and provid-
ing burn-in.  Nevertheless, failure is a statistical process, and 
today it remains prudent advice for users to change lamps at a 

predetermined percentage 
of their expected life to 
avoid failures and the con-
sequent clean-up operations.  
To some extent, flashlamps 
still represent the Achilles 
heel of the solid-state laser 
and substituting the technol-
ogy for reliability reasons 
has been one of the driving 
forces behind developing 
power laser diodes for 
pumping (see later com-
ments).
In Electronics magazine 24 
November 1961, less than 
18 months after the first 
laser demonstration, a 

review reported that ruby lasers were already offered commer-
cially by Raytheon and three other US companies.  In addition, 
the article noted that a complete simulator for R&D pumping 
studies of different crystals was offered by EG&G – this came 
with 10 spare flashlamps!  
In these very early days, Raytheon took a decisive commercial 
lead by developing the concept of an elliptical pumping chamber 
using a linear lamp and rod at the two foci of the reflector.  
Efficiency improved by close to an order of magnitude with this 
design. Raytheon revealed the concept in a product at the New 
York IRE Show in March 1962 and, as a result, were the first 
supplier to manufacture and offer a completely engineered prac-
tical solid state laser (SSL).  It is very interesting to reflect that 
their laser would be instantly recognisable to a new user today, 
and that a modern SSL would be instantly recognisable to them, 
despite the passage of nearly 40 years.
Cost effectiveness of lasers is a regular debating point for differ-
ent applications, and it is reassuring to find that it was also a 
concern in the earliest days. A review in the US Factory magazine 
April 1962, noted:
‘Prices for commercial (ruby) lasers are in the $1,800 to $25,000 
range. But no one doubts that better and cheaper sources will be 
coming. Lasers will always be relatively inefficient, returning 
only a fraction of the power fed to the lamp. So use will have to 

Evolution of the Industrial Nd:YAG Laser

Clive Ireland
Consultant 

88 Hillmorton Road, Rugby, CV22 5AH
This article briefly covers the history of the Nd:YAG laser, its current status and future prospects in industrial 
applications. The review, probably surprisingly to many, reveals that most of the current developments and indus-
trial applications of the technology were clearly foreseen by early advocates, and that progress has been made 
more by evolution than revolution, with chance (as is often the case) turning out to be a positive  wild card.

(From an invited talk at the AILU meeting at Rutherford Appleton Laboratory, 20 October 1998)

Fig 1 Theodore Maiman - NY Times  
8 July. Reported optical gain of x5 in 
ruby by laser action of 7 July

Fig 2 INDUSTRIAL USES FOR LASERS - from magazine Factory, 
April 1962
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be limited to those places where 
power concentration is more 
important than efficiency’.  
This early article also included 
the list of applications, which is 
shown as Figure 2. The list high-
lights that the main laser uses in 
industry today were clearly fore-
seen in these early years.
Companies moved quite rapidly 
to offer integrated laser process-
ing systems. Maser Optics Inc of 
Boston claimed to be the first 
with a commercial system. This 
was a desk style micro-welding 
system using X-Y tables and 
electronic control and was 
launched in 1965.  A photograph 
of their product is shown in 
Figure 3.
Reflection shows that systems 
like this, appearing so quickly incorporating a laser, was not too 
surprising.  Through the 1950s and early 1960s, similar style 
machines based on e-beams for processing had been offered by a 
number of companies. Again, it is notable that the equipment 
would be readily recognisable by users today, although the mod-
ern operator might remark on the apparent lack of a Class 1 
enclosure for safe operation.
The successful laser operation of ruby accelerated the investiga-
tion of many other potential laser systems. A review at the 
National Aerospace Electronics Conference in May 1964 includ-
ed what the author thought were, ‘lasers with the greatest appli-
cation’. This table is revealing, and is included below as Figure 4.  
The table shows that continuous (CW) laser operation had been 
achieved at this time in a practical system at the Watt level using 
Nd:CaWO4 and that high power (megawatt!) pulsed operation 

was being achieved via second harmonic generation from ruby 
and Nd:glass lasers.  In April 1964, researchers at Bell Labs found 
that Nd could also be operated in a YAG crystal host. Gain was 
found to be higher in YAG, which was also easier to grow in good 
optical quality to useable size. In addition, YAG has superior 
mechanical and thermal properties compared with CaWO4, and 
therefore it very quickly became the host of choice.  
Figure 5 is a table from an invited 1968 review by staff from the 
Western Electric Company entitled  ‘Lasers in Industry’.  It shows 
that, by this time, Nd:YAG had replaced Nd:CaWO4 as the CW 
SSL material of choice and the typical power in products had 
risen to ~ 50W.   
In can also be seen from the table that the CO2 gas laser, the other 
high power industrial laser of choice today, had been operated at 
1kW CW output by 1968.  This is remarkable, since CO2 laser 
operation at the mW level was only first demonstrated in 1964! 
By 1971, 1 kW was also reported from a CW Nd:YAG laser.

Market Growth
With regards commercial laser applications, SRI undertook one 
of the most useful early market studies. Figure 6 shows data from 
this for 1970 in comparison with recent data from the annual 
LFW survey covering 1997.  
The comparison shows that growth in the commercial laser mar-
ket averaged ~ 14%/annum in the 27 year period. The materials 
processing segment, that was estimated by SRI as only $3.2m in 
1970, had become $826m in 1997, a remarkable average growth 
of 23%/annum.  The percentage of SSL sales, which today is ~ 
80% Nd:YAG, also rose in the period from 23% to 32% of the 
total.  

Nd:YAG Evolution
So what has led to the major rise in the industrial application of 
Nd:YAG lasers over this span of time? As noted earlier, the basic 
technology has not changed markedly – there has not been a 
major breakthrough.  What happened, has been that the early 
applications in areas like marking, precision drilling, and spot and 
seam welding proved highly attractive in terms of economic 

Fig 3 Laser microwelder. Maser Optics Inc (Boston) claimed to be the 
first with a commercial micro-welding system in 1965. 
Courtesy Maser Optics. 

Fig 4 Lasers with greatest applicability - National Aerospace Electronics Conf, May 1964



return and the quality of the process. Thus, Nd:YAG based solu-
tion became widely accepted in precision manufacturing indus-
tries, notable electronics and semiconductor. In parallel, there 
were some attempts at technology revolution. For example, GE 
developed and patented the slab laser concept in 1971 as a route 
to achieve excellence in beam quality. However, nearly 30 years 
on, despite major investment by GE and others, the technology 
has not realised its hoped-for potential.  
In comparison, there have been at least three more evolutionary 
developments that have accelerated the acceptance of Nd:YAG 
solutions in industrial applications.

i) Fibre Optic Beam Delivery (FOBD).  
The most important development has been the use of fused silica 
fibres for Nd:YAG  beam delivery.  In the 1970s and early 1980s, 
investment R&D to develop and produce low loss optical fibres 
for telecoms grew enormously. The result was technology that 
allowed routine production of ultra-pure optical fibres. It was 
realised by some in the early 1980s, that the commercial laser 
industry might ‘piggy-back’ on this technology development, and 
that the flexibility of FOBD could greatly expand the applications 
and the economic benefits of laser processing with Nd:YAG 
lasers.  As a result, some industrial processing systems began to 
appear at that time with FBD. Notable amongst the early suppliers 
were Raytheon, Lasag and Lumonics. The ease of controlled 
energy and time sharing of beam power between work areas 
quickly led to the wide acceptance of the technology.  The eco-
nomic benefits are so marked that, today, probably ~ 80% of all 
Nd:YAG systems use FOBD.  This is promoted as a major advan-
tage for Nd:YAG over industrial CO2 lasers, for which there is no 
equivalent system.

ii)   High Power (HP)  
The second development has been in system power.  As noted 
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Fig 5 Gagliano et al:Lasers in Industry Invited paper in Proceedings of 
the IEEE, February 1969

Fig 6 Commercial laser sales
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earlier, a kW Nd:YAG was first reported in the early 1970s, but 
did not attract much interest.  There was hardly a market at that 
time for ~ 50W Nd:YAG lasers, never mind kW lasers!  However, 
by the mid-1980s, top of the range product powers had risen to ~ 
500W e.g. for increased throughput precision welding applica-
tions.  It was at this time that the Eureka Eurolaser programme 
was launched in Europe.  Interestingly, the main strategic objec-
tive of this programme, set by government officials, was not 
market orientated but was directed at achieving order of magni-
tude increase in laser power.  In the case of SSLs, the target was 
set at 5 kW power.  
Despite some healthy industry scepticism that there might ever be 
a market need, European consortia got to work to explore the 
technology issues of raising power by up to ×10.  As it turned out, 
it became apparent that the officials had been quite prescient.  
Initially, HP was achieved in laboratory demonstrators by string-
ing laser modules together in series, just as had been done in 1971 
to get to 1 kW, and trials were conducted with the output beams.  
Results to ~ 3kW showed that deep penetration keyhole welding 
could be achieved, just as with available CO2 lasers.  However, 
most importantly, the studies showed that FOBD worked just as 
well at high power as at low power.  Further, damage tests and 
calculation showed that optical fibres were viable for power 
delivery at least to 10kW.  
Through the late 1980s and 1990s, many more companies in the 
heavier and more traditional manufacturing industries began to 
recognise the potential of HP lasers for improving productivity 

and the first investments were made in installations to test out the 
HP-YAG technology.  Today, 3kW and 4kW CW-YAG lasers are 
becoming industry standards largely as a result of this initiative.  
It is one of those less common cases of successful development 
via ‘technology push’ rather than ‘market pull’.

iii)   Diode Pumped Solid-State Lasers (DPSSLs) 
The third important area of technology evolution is DPSSLs, 
which is now developing rapidly. It is surprising to many that 
semiconductor laser diodes were one of the earliest laser types, 
being first operated in 1962.  It can be seen that Figure 4 includes 
pulsed IR GaAs semiconductor diodes (to ~ 5W power) amongst 
those considered to have the greatest potential for application 
back in 1964. In fact it is noteworthy that Korad, of which 
Maiman was a founder, were amongst those who had commer-
cialised GaAs laser diodes by 1963.  At room temperature, at that 
time, these laser diodes only operated in pulsed mode eg at 1 kHz 
for R&D studies of pulse frequency modulated voice communica-
tion systems, or for optical ranging.  
However, the potential of laser diodes as very efficient optical 
sources to replace (broadband) flashlamps for pumping Nd:YAG 
and other SSLs was recognised very early, particularly by those 
interested in defence and aerospace applications, where efficien-
cy, compact size and improved beam quality were key require-
ments.  The earliest related patents date back to this period (eg US 
3,624,545, ‘Semiconductor Pumped Laser’ assigned to McDonnell 
Douglas and filed in 1968) highlighting the early recognition of 

the potential advantages of DPSSLs.  However, practical 
progress was hampered by the lack of reliable technology 
to manufacture high quality, reliable room temperature 
diodes.  By 1980, McDonnell Douglas had operated a 
diode pumped CW Nd:YAG laser with ~ 10% efficiency, 
but only to just over 0.1 W laser output.  The major 
change came in the mid-1980s with the implementation 
of MOCVD diode fabrication processes which led to a 
revolutionary improvement in semiconductor diode per-
formance and yield.  
In the intervening years, diode power has risen by orders 
of magnitude, costs have dropped (and are still dropping) 
and the technology has become economic to apply to 
much higher power Nd:YAG lasers. Today, there are 
many suppliers of DPSSLs with powers in the  0.1-100W 
range, there are experimental devices operating into the 
kW range, and most recently, the first industrial DPSSL 
product offerings from Rofin-Sinar with powers 1kW.

The Current and Future Picture
Since their first implementation, the evolutionary picture 
for industrial Nd:YAG lasers has been one of continuous 
adaptation of the technology to meet the developing 
needs of the marketplace.  
Figure 7 is a summary of this development and the 
achieved laser performance. The most notable current 
R&D thrust is in the area of reliable and economic prod-
ucts for applications that will require 5-10 kW power.  
Few in the industry doubt that these will come, probably 
with demonstration systems available before the decade 
is out.  However, as with many new developments, there 
is a healthy debate with regards the technologies that will 
prove the most acceptable to users.Fig 7 Industrial Nd:YAG laser performance evolution
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Derived from the electronics of semi-conductors, the 
diode laser at the milliwatt level has for many years 
been well exploited, for example in compact-disc play-

ers and bar codes readers. Research in the early 90’s led to  
increases in power to some tens of watts for surgery applica-
tions, but the first industrial developments of these lasers was 
as a replacement for flashlamps to pump  solid-state lasers. 
The first high power diode pumped (HPDP) lasers were com-
mercialised for marking applications, and at the end of 1998 
Rofin Sinar introduced the first commercial lasers with suffi-
cient power (2.6 kW) for cutting and welding applications. 
Similar products from  Trumpf-Haas should appear in the 
near future. 
In the middle of the 90’s, developments were carried out to com-
bine the power of several laser diode bars (each having a maxi-
mum power of 30 W in 1997, and nearly 50 W at the end of 
1998). to produce some hundreds of watts. The combined beams 
can be transported either through optic fibers, or individually 
collimated, combined and focussed to a line some tens of millim-
eters long by  some millimeters wide to achieve power densities 
of about 100 kW/cm2. Such power densities are sufficient for 
materials treatment but are lower than can be achieved with com-
mercial CO2 and Nd:YAG lasers by 10 to 100 times. Their main 
attractions are their energy efficiency, that can exceed 40% 
(against 10% for CO2 lasers and 5% for Nd:YAG ), their com-
pactness and ease of maintenance.

Their main disadvantages are poor beam quality, resulting in a 
high divergence beam with poor focusing, their high cost com-
pared to a conventional lasers, and their limited lifetime of 10000 
to 20 000 hours. The poor beam quality requires the use of short 
distance focus lenses (some tens of millimeters) if high energy 
densities are to be achieved. .
The main suppliers of diode laser assemblies in the multikilowatt 
range are Rofin/Dilas and Laserline, with Fisba Optik, Coherent, 
Spectra/Opto Power, Jenoptik, Thomson Laser Diodes, Siemens, 
Diomed and others offering sources below a kilowatt.
The best exploited direct applications for power diode sources are 
plastics welding, soldering, surface thermal treatments (harden-
ing, alloying, cladding), conduction welding, preheating in assis-
tance to machining or conventional treatment, and surface 
remelting. At today’s performances, diode lasers are competitive 
with conventional technologies including micro-plasma, TIG, 
induction, and even with Nd:YAG lasers in some cases.

Thermoplastics welding
In the last few years research there have been several demonstra-
tions of the industrial feasibility of using diode laser units of 
some tens of watts power. Applications include film line welding, 
welding of housings, tanks, automotive parts. Laser welding can 
offer designers interesting solutions to help create innovative 
products and to improve some production lines by simplifying 
the tools.  The advantages of the diode laser process are numer-
ous, and include:
• very low energy required for the welding
• good quality of the seam
• located energy supply inducing a quick welding cycle that  

limits the heating of the pieces
• no contact of the heating element with the pieces
• clean welds without visible weld lines 
• reliable process, waste reduction
• possibility to weld in hard to access areas
• possibility to welding in small isolated areas
Company MARQUARDT in Germany was the first to use these 
lasers in production: a 40 W fibre-coupled diode laser for the 
welding of keyless electronic door openers.

Soldering
The possibility to focus the diodes laser beam to a precisely locat-
ed area, with or without the use of optic fibers, enables soldering 
or debrazing to be carried out with perfect heating control and a 
rapid thermal cycle.

Industrial Applications of High Power Diode Lasers
Olivier Fréneaux

Irepa Laser 
Parc d’Innovation, F-67400 Illkirch/Strasbourg, France

Welding of overlapping plastic sheets with a diode laser 
source. The process involves the use of two plastics, one of 
which is transparent to the diode laser light, the other of which is 
opaque. The beam passes through the transparent material and 
is absorbed at the interface where heat  conduction causes 
melting and then solidification. Two sheets of the same material, 
transparent to the laser beam, can be welded if one sheet is 
doped with an absorbing component.

Issue 13 included a review by Friedrich Bachmann (Rofin Sinar) on the applications of high power diode 
lasers. In this feature Olivier Fréneaux, General Manager of IREPA Laser, describes applications research at 
his research centre .
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Electronics is the main sector to benefit from these developments 
but the technology also has potential in other sectors, notably the 
joining of small size components in micro-mechanics.

Surface thermal treatment
Diode laser systems can provide a nearly uniform 107 to 108 
W.m–2 irradiation over a 
rectangular surface and at 
an infrared wavelength 
(800 to 950 nm) which is 
better absorbed by steel  
(30 to 40%) than is radia-
tion from a CO2 laser. 
These characteristics make 
the diode laser an ideal 
tool for thermal treatments such as hardening, surface remelting 
or cladding, for example to improve the wear resistance of parts 
subject to abrasion, such as moulds and tools edges. The rapid and 
localised thermal cycling achieved by laser produces very high 
hardness (generally higher than is obtained by induction) with  
negligible deformation of the treated parts, putting it in competi-
tion with HF hardening.
The French company 
RENODEX, manufacturer of 
surgical needles for stitches, 
uses a 100 W diode laser sys-
tem to make a recrystallisation 
annealing on a few millimeters 
length at the end of the needle 
whose initial hardness is 600 
HV. In comparison with induc-
tion, the main advantages are 
the needle positioning margin 
during the treatment, the per-
fect control of the hardness 
level, the reduction of the inter-
mediate zone between the 
treated part and the non-treated part, and finally the cycle time of under a 
second, whatever the needle diameter. Many other developments are in 
progress at IREPA Laser, particularly on tool edge hardening.

Conduction Welding
With power densities of 108 to 109 W.m-2 achievable with >1 kW 
diode laser power, it is possible to melt and weld two thin metallic 
materials. The applications carried out with presently available 
sources involve small joining welds, tack welding, overlap, cor-
ner or butt welding, and specific applications requiring, for exam-
ple, a good weld surface quality without material feed. 
The typical speeds obtained with a laser source delivering 1 kW 
onto a spot of 0.7 × 2.5 mm2 range from 0.5 to 3 m.min–1 for 
welded thicknesses of 0.5 to 1 mm.
In comparison with the conventional systems, conduction weld-
ing has the advantages of improved surface quality, flexibility, 
and precise control of  energy deposition in the welded area. 
A first robotized application using a 1500 W diode laser is already 
operational in the German company RIEBER for the welding of 
stainless steel sinks.

Assistance to conventional processes
Several research projects on laser assisted machining have shown 
that the application of laser heating immediately prior to material 
removal during a turning operation can decrease the cutting force 

and the wear.
This energy supply can be made with an optical fibre carrying a 
Nd:YAG laser beam or by using a power diode laser system 
placed on the tool-holder of the machine. This laser assisted turn-
ing process can be used to machine ceramics, including silicon 
nitride or alumina, and very hard steels.
One can foresee that the compact size of power diode lasers and 
the trend towards reduced cost in the medium term will make it 
feasible for these sources to be used in preheating or postheating 
in association with conventional treatment, or with CO2 or 
Nd:YAG laser welding, for example.

Future
Work is in progress to increase the power of single diode bars and 
to improve the quality of their beams in order to reduce the size 
of the focal spot. Such improvements may enable power densities 
of up to 1010 W.m-2 to be achieved with special optics thereby 
putting them in direct competition with CO2 and Nd:YAG lasers.
Moreover, optical fibre delivered powers of about 3 kW should be 
available during 1999, thereby avoiding the possibility of colli-
sion of heads mounted on  robot wrists. 
More generally, one can also predict that the costs of these sourc-
es should reduce significantly in the next few years.
The role of a centre like IREPA Laser is to show the potential use 
of such new generation laser systems and to give assistance to 
industrial companies in their use of this technology. With three 
high power diode laser systems of 3 kW, 500 W and 150 W, inte-
grated within a robot and machining centre, and with 16 years of 
experience in the implementation of laser processes, IREPA Laser 
offers exceptional services for conducting the development and 
validation of industrial laser processes.
For further information contact the author or Gérard Pacary 
(Technology Consultant) at the above address or:
tel:  +33 (0)3 88 65 54 00     fax : +33 (0)3 88 65 54 01

Hardening of a razor blade

Butt welding of galvanized metal 
sheets
Thickness = 0.8 mm
P = 900 W
V = 0.5 m.min–1

Overlap welding of galvanized 
metal sheets
Thickness = 0.8 mm
P = 900 W
V = 0.5 m.min–1

Corner welding of 304L stainless 
steel
Thickness = 1 mm
P = 900 W
V = 0.5 m.min–1
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There are two broad classes of laser 
scanner system, known as post-ob-
jective and pre-objective types. The 

‘post’ and ‘pre’ terms refer to the location 
of the scanner mirror(s) relative to the 
focusing lens, as shown in Figure (1).
Limitations of post-objective scanners are 
most easily understood by consideration of a 
single-axis system. The laser beam, of wave-
length λ, diameter D (1/e2), and quality factor 
M2, is focused by a static lens of focal length 
F, to a spot size 's' (1/e2), where:

 (1)
   

The distance of the mirror to the scanned 
plane is H, and the beam focus falls on an arc, 
centred on the mirror, of radius H.
If the full width of scan is 2X, then the total 
variation of focus height relative to a flat 
plane is dZ where:

  (2)
      

The focus setting can be arranged so that it lies dZ/2 below the 
scanned plane, on-axis. Then the beam will focus dZ/2 above the 
scanned plane at full field. 
Using this setting, the maximum focus error is dZ/2, occurring 
on-axis and at full field.
The depth of focus (DOF) of the focused beam is +/- dz, where:

  (3)
    

If dZ/2 > dz, the beam will be out-of-focus at some positions in 
the scanned plane. This effect sets limits on the scan width (and 
lower limits of spot size) that can be achieved.
For a beam scanned through an angle θ, the beam focus occurs at 
an off-axis location xf 
where xf = Hθ. 
The location where the (de-focused) beam intercepts a flat 
scanned plane is x, 
where x = H tanθ.
The geometry of 2-axis post-objective scanners is more complex, 
since there are two mirrors, each with a different height Hx, Hy, 
above the centre of the scanned plane. The radius of the arc of 

scan is different (Ie: Hx, Hy) in the X and Y directions, but the 
principles described above can be used to determine whether or 
not any particular arrangement will function satisfactorily over a 
(limited) field of scan.
For 2-axis systems eq.(2) must be modified to account for the 
different radii in each axis:

  (4)
Dynamic post-objective scanners overcome the 

de-focus problem by arranging controlled axial movement of the 
focusing lens. The lens must move over a range dZ in order to 
maintain focus in a flat plane. The lens axial motion is linked 
electronically to the X and Y mirror scan angles.
Modern dynamic post-objective scanners incorporate a signifi-
cant optical improvement. The focusing lens becomes a multi-el-
ement system, shown schematically in figure (2). This can be 
thought of as a beam expander of magnification m in combination 
with a focusing lens of focal length FD.  
For the purpose of calculation of spot size s (eq. 1), the effective 
focal length of the system is F where F = FD/m, and the value D 
represents the beam diameter at the focusing lens.
If the (small) beam expander input lens is now moved axially to 
maintain focus in a flat scanned plane, the range of motion is 
reduced by a factor m2. That is, the input lens range of motion 
reduces from dZ to dZ/m2. 
 The modern variation of dynamic post-objective scanner is capa-
ble of wide-field performance in combination with small focused 

Optics for Scanner Systems - An Introduction
David Greening

V&S Scientific (London) Ltd
Brosnan House  Darkes Lane  Potters Bar  Herts  EN6 1BW

Figure 1.  The two broad classes of laser scanner system: post-objective (left) and pre-ob-
jective types. For simplicity, they are shown as single-axis systems.
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spot size. The scanned spot X, Y, location in relation to mirror 
scan angles involves complex 3-D geometry, as does the compu-
tation of the required axial location of the input lens.
Pre-objective scanners place the scanner mirror(s) before the 
focusing lens. This arrangement leads to some special require-
ments on the focusing lens. The lens should:
• Provide a good quality focus for a beam incident on the lens 

over a range of angles.
• Focus over a flat scanned plane. (a flat 

field lens).
• Focus at X, Y field locations, which are 

proportional to the beam scan angles θX, 
θY. (A lens which performs in this way is 
called an F-theta lens). 

The discussion of post-objective scanners, 
above, avoided mention of lens aberrations. 
The lenses are functioning on-axis, and at 
large focal ratios, (high F-numbers), and 
under those conditions aberrations are so 
small as to be of no significance.
At this time in the development of laser 
scanners there seems to be two market 
approaches to the focusing lenses used in 
pre-objective scanners.
In Nd:YAG scanner systems, designers and 
customers accept the use of complex mul-
ti-element focusing lenses, capable of sup-
porting the listed optical requirements (with-
in the limits of the laser beam quality).
Conversely, in CO2 laser scanners, the marketplace usually 
requires the smallest, cheapest lens that will give a ‘reasonable’ 
focus, and avoid severe beam-clipping.
So, through cost-cutting, aberrations often do play a part in CO2 
laser scanner systems of the pre-objective type. Equation (1) is no 
longer valid, (except as a signpost to the performance that is being 
missed).

In order to minimise the lens size and 
cost, the mirrors are placed as close 
as possible to the lens. Usually this 
distance is fixed for any model of 
scanner.
It is the task of the lens designer to 
find a compromise design, or range 
of lens designs of various focal 
lengths, that yields reasonable equal-
ity of spot size over the field of scan 
and approaches F-theta performance.
Unfortunately, the constraints on the 
designer of single-element lenses, at 
a fixed distance from the mirrors, are 
such that aberrations cannot be 
entirely eliminated, and a true F-theta 
characteristic cannot be achieved.
The best-compromise designs for 
single-element lenses are usually of 
meniscus form, with the convex 
surface facing the scanned plane.

In a typical example case the use of a single-element compromise 
design gives a spot size about 40% larger than would be obtained 
with an aberration-free design, and the F-theta error is usually 
about 2% or more.
The mid-point between the mirrors defines the entrance pupil of 
the lens. The distance between the entrance pupil and the lens is 
designated ‘EP’ in figure (3).
At longer focal lengths better performance can be obtained by 

increasing the distance EP, but this necessitates larger and more 
costly lenses in order to increase energy density at the focus. The 
currently preferred solution for increasing energy density is to 
install a higher-power laser, costing perhaps ten or twenty times 
as much as the optical solution. It was ever thus.
In order to give the optical designer the design freedom to achieve 

Figure 2. A modern dynamic Z-axis scanning system, showing terms.

Figure 3. The entrance pupil of the scanner lens, mid way between the scanner mirrors

‘m’

ØD/m dZ/m2
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diffraction-limited spot size, and a very close approximation to 
F-theta performance (within 0.5%, say), the scanner lens must be 
of multi-element design. 
In typical CO2 laser scanner systems, with beam diameters of 
around 15mm, excellent performance can be achieved using two 
lens elements (one ZnSe, one Ge). Due to the use of Ge the con-
tinuous-wave power limit for such lenses is about 300W.
Extra lens elements may be needed to obtain best performance in 
the all-ZnSe designs required at power levels above 300W. 
Accordingly, the ideal lens design for a particular application and 
laser power may involve 2, 3, or more elements. (‘doublet’, ‘tri-
plet’ etc.)
Two or three element lenses designed for CO2 laser scanners are 
of roughly the same price as their cousins used routinely in 
Nd:Yag systems. Prices of £1000 - £2000 might be typical, 
depending on the design details and the quantity purchased. 
A special class of pre-objective scanner lens, where multi-element 
design is inescapable, is telecentric lenses. These lenses provide a 
converging beam whose axis is always at 90˚ to the scanned 
plane. This is illustrated in figure (4).   
The final element of a true telecentric lens must be as large as the 
size of the scanned field, plus the beam diameter, plus an allow-
ance for avoidance of beam-clipping.
Non-telecentric scanner lenses are used in applications that 
involve surface processing, such as engraving.
Applications such as drilling, or profiling, materials of non-negli-
gible thickness may need telecentric focusing optics if slanted 
holes or cuts are to be avoided.
Where multi-element lenses are used, and diffraction-limited per-
formance is obtained, equations (01) and (03) are valid.
The mirrors used in high-speed laser scanners require special 
consideration
Some of the desirable attributes for scanner mirrors are:
• Low inertia (light weight)

• High reflectivity (low absorption)
• High stiffness
A suitable raw material for CO2 scanner mirrors is silicon, for 
which coatings are available with up to 99.9% reflectivity.
Independent from the thrust to minimise lens costs by minimising 
‘EP’, it is anyway technically useful to minimise the inter-mirror 
separation. This is done to reduce the required size of the second 
mirror, and thereby increase the maximum operating speed of the 
scanner. 
When the inter-mirror separation is minimised, the shape of the 
mirrors becomes of importance so that, at extreme scan angles, 
the mirrors do not 'crash'. Once again, 3-D geometry plays a part 
in optimising the design details. 
A feature of 2-axis scanners is unavoidable distortion of the scan 
position caused by the use of two mirrors. This effect is due to the 
beam being incident upon the second mirror at (in general) a 
compound angle. 
Mirror related distortion is a constant effect within a particular 
system, and completely predictable from the (3-D) mirror geom-
etry. It is unaffected by, for example, a change of lens or lens focal 
length.
Accordingly, mirror-related distortion can be electronically com-
pensated on a 'once-off' basis. This compensation does not need a 
re-calibration exercise each time the lens is changed.The com-
plete design of optics for a scanner system is a complex exercise. 
In broad terms, for any particular laser, the limit of optical perfor-
mance will be determined by the size of the mirrors (the larger, 
the better) and the quality of the scanner lens.
System speed requirements may limit the mirror size(s), whereas 
lens quality and performance is often limited by the size of the 
wallet.

Figure 4. Comparison of two types of scanner lenses
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David Greening’s paper ‘Optics for Scanner Systems’ for pre-
view presents a very clear explanation of the subject. However, 
there is one statement that is, perhaps, open to misinterpretation.
The statement is the third ‘bullet’ in the section on pre-objective 
scanners - ‘Focus at X, Y field locations which are proportional to 
the beam scan angles θx and θy (a lens which performs this way 
is called an F-theta lens)’. From this, one could infer that, by 
incrementing θx and θy in equal steps, a square grid of image 
points would be seen in the image plane. Indeed, for scan angles 
of about ± 12.5 degrees this does appear so. However, as the scan 
angle is increased then the grid becomes distorted.
To explain this, the definition of an F-theta lens must be under-
stood. An F-theta lens is one where the position of an image point 
relative to the optical axis is given by the product of the focal 
length and the angle between the collimated input beam and the 
axis. (This is quite different from a normal camera lens where the 
tan of the angle must be used to give a distortion free image.) The 
F-theta lens was developed particularly in the printing industry 
for output film scanners where the scanning was derived from a 
high speed, rotating polygon and the image data was ‘clocked’ at 
a constant rate. The use of the F-theta lens ensured that the pic-
ture points were placed at equal increments on the recording film 
and an undistorted image was produced.
In the case of an X, Y scanner used with an F-theta lens, the 
image position is exactly proportional to scan angle only in the 
meridian sections (i.e where either θx or θy are zero). More gen-
erally, the actual image position co-ordinates are not linearly 
related to the input scan angles. To give some idea of the magni-
tude of the distortion of a grid, assume that the y-direction is 
vertical, the x-direction horizontal and that the y-direction scan 
occurs before the x-direction scan. A scan of ± 12.5 degrees 
would give what appears to be a square grid - in other words, any 
error is too small to be seen. At a scan angle of ± 20 degrees the 
vertical edges of the scanned field would have obvious barrel 
distortion (about 3.5%) whereas the horizontal edges of the field 
would have a just detectable pincushion distortion. If the scan 
angle is increased to ± 30 degrees the barrel distortion would 
become quite strong (about 9%) and the pincushion becomes 
obvious at 3.5%.
This distortion cannot be corrected by any redesign of the optics. 
It must be compensated by adjusting the scanner mirrors’ angles 
using either calculated correction data or data obtained from a 
calibration procedure. The real advantage of using an F-theta lens 
and linear scan mirrors (linear in the sense that the angle of the 
scan mirror can be set to any required position) is that the distor-
tion correction needs to be calculated only the one time. The 
compensation will then not vary if the scan field size is altered by 
exchanging the lens for another F-theta lens of different focal 
length or even if the mirror separations are changed. The use of 
this electronic compensation is described at the end of the article 
under ‘Mirror related distortion’.
If any reader is interested in a derivation of the scan equations for 
this type of systems, please contact me, or Nick Ellis at V&S.

Eddie Judd
Technical Director, Davin Optronics Ltd

A good article that clearly explains the differences between  pre- 
and post-objective scanning techniques, and some of the chal-
lenges they pose to the optical designer! Since highly sophisticat-
ed systems of both configurations are available, it is important for 
the user to determine the best choice for a particular application.
Spot size, laser power, field size and scanning velocity are usual-
ly the most important parameters. Some marking and cutting 
applications require a particular maximum kerf width and there-
fore spot size. In other applications a certain power density 
threshold has to be reached to initiate the laser-material interac-
tion or to achieve the required processing speed. In both cases the 
smallest possible field size is determined by the size of the largest 
continuous feature to be processed without visible seams due to 
part movement.
The focal length of the lens determines the size of the field, and 
the diameter of the beam is limited by the size of the mirrors. The 
theoretical spot size is therefore a function of field size over mir-
ror size (s proportional to the ratio field/mirror). The actual spot 
size is compromised by lens aberrations. These increase with 
larger beam diameters and shorter focal length. As David points 
out, the aberrations can be reduced by sophisticated lens design 
using multiple elements. Unfortunately each additional element 
may more than double the cost of a single element meniscus lens. 
Larger mirrors also require larger lenses as they can not be placed 
as close to the centre of the mirrors. Larger mirrors only limit the 
angular velocity of the mirrors and not necessarily the linear 
velocity on the target, since this is a function of the field size. 
F-theta errors should not be of major concern if the scanning 
system software allows for sophisticated high resolution pro-
grammable field correction, as this can take care of both mirror 
related distortions and lens distortions.
General Scannings High Performance Laser Kits represent state-
of-the art post-objective scanning technology and play an impor-
tant role in allowing R&D personnel to determine the right spot 
size for an application. They allow the user to vary the spot size 
by a factor of ten through variation of the field size, without the 
need for any additional equipment.
Once the spot size has been determined consideration should be 
given as to whether a pre-objective scanning system, which is 
easier to use, can meet all the requirements. Sometimes the use of 
several smaller systems has an advantage over a large field scan-
ning system: smaller lasers are usually easier to handle, provide 
redundancy and require less integration.
Pre-objective scanning systems have their limitations where 
small spot sizes are required over a large continuous field without 
expensive custom optics. For such applications industrial post-ob-
jective scanning systems should be considered. Sealed CO2 lasers 
with beam characteristics suitable for scanning are becoming 
increasingly powerful but the speed and accuracy of high perfor-
mance scanning systems has been keeping up and most processes 
today are still limited by laser power rather than scanning speed.

Ralf Terbruggen
General Scanning

COMMENT
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During laser materials processing, the 
high laser power densities and tem-
peratures in the processing zone gen-

erate solid, liquid and gaseous by-products. 
To protect the employees from hazards at 
work, the council of the European Union laid 
down Workplace Directives to improve the 
health and safety of employees at work. These 
regulations have been transformed into 
national regulations. For example, in 
Germany, employers are obliged under the 
Regulation for Hazardous Materials to deter-
mine if the workplace is contaminated by 
hazardous substances, to protect employees 
from hazardous substances, and to control the 
contamination if the contamination cannot be 
justified.
Safety data concerning laser material processing 
enables production managers to take account of 
the environmental and safety implications of this 
new technology, free of the prejudice which 
sometimes presents obstacles to the uptake of laser technology.

Generation of laser emissions
Laser material processing with Nd:YAG and CO2 lasers is pre-
dominantly a thermal process. In the interaction zone, the 
absorbed laser radiation is transformed into thermal energy. The 
state of matter (gaseous, particulate) and the chemical composi-
tion of the emissions generated depends 
decisively on the material processed.
When processing metals, melting and partial 
vapourisation occurs. The molten material is 
driven out by the assist gas, producing a 
sediment. The vaporized material condenses 
and generates fumes. When processing 
organic materials, partial thermal decompo-
sition of material takes place, in addition to 
melting. These pyrolysis products can be 
volatile, liquid or solid.
Apart from these material-specific by-prod-
ucts, process-specific emissions like ozone 
and nitrogen oxides can be generated inde-
pendent of the material processed in certain 
temperature and radiation regimes.

Laser generated air contaminants 
(LGAC)
The quantity, composition and chemical 
complexity of LGACs vary greatly from 

application to application, the process parameters and the materi-
al processed. Three groups can be identified, based on the rate of 
emissions (figure 1).
Investigations of the fume particle morphology show that for all 
materials processed the fume particles are of a globular shape. 
Most of the particles, about 90%, are smaller than 1µm (aerody-
namic diameter), as shown in figure 2.

The Fume Hazard in Laser Materials Processing  
of Organic Materials

H. Haferkamp, M. Goede, T. Püster
Laser Zentrum Hannover e.V., Germany

Figure 1. Emission rates for different laser processes. 
Laser cutting applications cause the highest rates of total emissions (> 20mg/s). Welding, 
cladding and applications of material removal show typical rates between 1-20mg/s. Rates 
below 1mg/s are typical for laser marking and micromachining.Aerosols are the main emis-
sion product for laser cutting of metals, with nitrogen oxides and ozone at 1% of these.

Figure 2. Size distributions of aerosols for cutting different materials
Aerosols exist as single particles or as agglomerates. The smallest single particles have geometric 
diameters of about 5-10 nm. The properties of the particles are due to the formation process by 
vaporization and condensation. Because of their size, the fume particles are highly respirable 
(more than 80% according ACGIH /1/).
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When processing metals, the aerosols emitted have a similar 
chemical composition as the material processed. Fumes mainly 
consist of metal oxides, with an over-representation of the more 
volatile elements (e.g. Zinc, Manganese).
In addition to the aerosol emissions during laser cutting of organ-
ic materials including plastics and wood, there is a large range of 
volatile hydrocarbons emitted. Quantitative analysis of volatile 
organic compounds (VOCs) shows that the total amount of VOC 
is inversely proportional to the amount of aerosol emission.
Investigations of the particle morphology show that the aerosols 
emitted are of a similar morphology as the fume particles formed 
during laser cutting of metals. Again most of the fume particles, 
about 90%, are smaller than 1µm (aerodynamic diameter). 
However for some plastics, like PA 6 the particles are viscous and 
can easily stick together.

Hazard potential
If LGACs are allowed to pollute the workplace, then are 
a health risk, especially for laser operators. In order to 
answer specific questions on the hazard and possible 
health risks for the laser operator, emission substances 
need to be assessed on a occupational medical basis.
The hazard potential of the aerosol component of 
LGAC´s arises from the respirability of the fume parti-
cles (40%-60% remain in the alveoli within the lungs), 
their morphological and their chemical characteristics 
/2/.
In the language of industrial medicine, many substances 
emitted during laser cutting are known as toxic (e.g. Mn, 
Zn) or carcinogenic (e.g. Ni, Co, PAH). For example, 
when cutting stainless steel the toxic soluble chromi-
um (VI) and the carcinogenic insoluble chromium (VI) 
have to be considered.
Results of medical experimental studies show that the 
particulate emissions produced during laser material 
processing can cause a wide spectrum of biological 
effects. Besides the chemical composition, the total vol-
ume deposited in the lungs is an important factors for the 

pathological reactions induced. 
Insoluble particles deposited in the 
lung are taken by the so-called cleaning 
cells, the alveolar macrophages (AMs). 
The cleaning ability of these cells, as 
determined by the time taken to trans-
port a particle out of the alveoli, suffers 
from an overload phenomenon when a 
large volumes of aerosol is deposited 
/3/. The chemical composition and the 
conformation of the particle surface 
decisively influence the interactions 
with the alveolar macrophages (AM). 
Toxic aerosols can lead to changes of 
the AM cell function (mutagenity, cell 
damage) or growth of neighboured 
cells (epithelium cells). By comparison 
with the effect of aerosols (dust) pro-
duced by conventional technologies 
(grinding, milling, cutting), the patho-
logical effects of laser generated aero-
sols is higher for some, lower for oth-
ers. Chronic physical analysis alone is 
an insufficient means of predicting 

these effects /2/.
Inhaled gases and VOCs affect the respiratory tract and most have 
allergic, toxic or carcinogenic effects.
Because of the multiplicity of the VOCs, the thrust of occupation-
al hygienic studies has been to work on the main component 
concept. Main components are defined as the substances which 
are most relevant, based on the amount generated and medical 
considerations (e.g. threshold limit values). Also, they must be 
easily to sample and to analyse. The table below gives an over-
view of main components for the laser cutting of plastics. To 
minimise health risks, the contamination of the workplace atmos-
phere must be reduced well below occupational threshold limit 
values (TLVs).
It is not possible to conclude the contamination of the workplace 
atmosphere from the characterisation of the emission alone. To 
make a comparisons between different processes and to assess 

Figure 3.  Emission rates for laser cutting of plastics
Plastics can be divided into two groups: materials which mainly emit aerosols and materials pyrolysed 
into gases. Hydrocarbon emissions usually consist of substances referring to the chemical structure of 
the material machined (acrylates, olefines, etc.). Polystyrene and Polymethylmethacrylate are broken 
down into the monomers styrene and methylmethacrylate. Aromatic substances like benzene, toluene, 
xylene and polycyclic aromatic hydrocarbons (PAH) are detectable in all cases. 

Polyethylene Total Particulates 1,3-Butadiene; Formaldehyde; Acrolein; Benzene

Polypropylene Total Particulates Benzene; Formaldehyde; Benzo(a)pyrene / PAH

Polystyrene Total Particulates; Styrene Benzene

Polystyrene-Butadiene Total Particulates;  Benzene 

 Benzo(a)pyrene / PAH;Styrene;  

 1,3-Butadiene 

Polycarbonate Total Particulates Benzene; Benzo(a)pyren / PAH; Carbon Oxide

Polymethylmethacrylate Total Particulates;  Acrolein 

 Formaldehyde;  

 Methylmethacrylate

Polyamide 6 Total Particulates;  Acrolein; 1,3-Butadiene 

 Formaldehyde

Polyvinylchloride Total Particulates; Benzene;  Formaldehyde; 1,3-Butadiene;  

 Benzo(a)pyrene / PAH;  Dibenzodioxins / -furans   

 Hydrogen Chloride 

Main components  of emissions generated during laser cutting of plastics /4/

Material processed 1st Priority 2nd Priority
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requirements for an extraction system the Nominal Hygienic Air 
Requirement Limit Value (NHL) is a useful parameter/4/. 

The NHL, with units of m3/h, describes the amount of fresh air 
needed to be supplied in order to keep below threshold limit val-
ues for air contaminants. In the equation above, A, B and 
C are three of the components of the fume emission and 
EA, EB, EC are their individual emission rates in mg/h (cal-
culated from the total emission rate by dividing by the 
measured fraction of the component in the fume). TLVs 
are expressed in mg/m3.
If the fume is uniformly distributed in a typical 1000 m3 

work area, the figures above imply an air exchange rate 
for laser cutting mild steel or Titanium of larger than 10, 
for stainless steel larger than 20 and for plastics up to 57. 
The air exchange by natural ventilation (windows, doors) 

is about 0.5 /4/. With forced ventilation, an exchange rate from 5 
to 10 can be achieved, but costs for heating in winter are large.

Safety precautions
Extraction systems
It follows from the above discussion that efficient extraction (i.e. 
near the point of generation) and ventilation systems are neces-

Figure 4.  Extraction systems.  
A variety of extraction systems are available /6/. L to R:  working head integrated 
system, table exhaust system, total enclosure.

Assist gas

Exhaust

Shield 
gas ring 

nozzle

Exhaust

Exhaust

Workpiece
Air filter

Workpiece

Beam Delivery

Beam Delivery

XY stage XY stage

                                           
“... in a workplace with a vol-
ume of 1000m3, the air 
exchange rate requirement 
for laser cutting stainless steel 
is larger than 20 volumes per 
hour and for plastics up to 57. 
The air exchange by natural 
ventilation (windows, doors) 
is about 0.5 while for forced 
ventilation the exchange rate 
is from 5 to 10.” 

NHL values for CO2 
laser cutting 

(left) Comparison 
with plasma cutting 
of metals /5/

(below) Cutting of 
various plastics  /4/

Though the NHL values 
for laser cutting of met-
als are well below plas-
ma cutting, NHL for sin-
gle components reach-
es levels of 10.000m3/h 
and more.
Laser cutting of plastics 
causes NHL values up 
to 57,000m3/h.

(N.B. To illustrate the 
influence of single ele-
ments or VOC, the 
NHLs are given for 
each component.)



sary to avoid critical contamination of the workplace atmosphere.
The main option are illustrated in figure 4. The working head inte-
grated extraction system is favourable for 3D-applications (espe-
cially welding). To ensure effective shielding and efficient extrac-
tion the stand-off distance of the head has to be carefully con-
trolled. During laser cutting, most (>90%) of the emissions are 
released below the workpiece, due to the processing gas stream, 
and under- table extraction has a high capture efficiency, particu-
larly if the point of extraction can be kept directly under the laser 
head. Alternatively, if the building design permits, an enclosed 
working area with an emission extraction system provides the best 
solution, where the enclosure also isolates the laser operator from 
laser and secondary radiation hazards. 

Filtration
In general, filtration of extracted air places high demands on the 
filtration system, due to the complex mixtures of very small aer-
osols, gases and volatile organic components that are present.  An 
overview of qualified types of filtration techniques is given in the 
table above. Self-cleaning surface filters provide high separation 
efficiencies and stable pressure losses for non-adhesive aerosol 
emissions (fumes) resulting from processing of metals, inorganic 
materials (ceramics, glasses) and some types of organic materials. 
For applications with high aerosol emission rates (e.g. cutting, 
welding), storage filters quickly clog and the filters have to be 
changed frequently. Storage filters are therefore only suitable for 
applications with low aerosol emission rates such as marking or 
micromachining. 
If adhesive particles, as are generated during cutting of plastics 
and wood, are present, then self-cleaning surface filters will also 
become clogged, and contaminated filter media lead to disposal 
problems. Special solutions have to be developed to address this 
situation, including commercially available units where the filter 
is continuously pre-coated with lime powder.
Laser processing of organic material (plastics, wood, paper) 
requires gas filtration to keep permissible threshold limit values 
and avoid bad odours, but there are no standard solutions. In gen-
eral, either an adsorption technique, catalytic combustion or bio-
logical filtration can be applied. The choice depends on the laser 
application, the material to be processed, the space available and 
the cost. The lower investment cost involved in using a charcoal 
filter (about 15,000 ECU) makes it a popular choice, but there are 
problems (including desorption during off times, displacement of 
highly volatile compounds) which impair performance. 

Conclusions
With a growing awareness of industrial and environmental safety, 

the industrially developed countries are developing a new mental-
ity where environmental and safety aspects become an integral 
part of technological thinking. The parallel investigation of haz-
ards and applications of new techniques is an expression of 
today’s responsibility for clean and safe technologies. Access to 
reliable data on the risks and safety implications of a technology 
enables production managers to take appropriate decisions on its 
implementation. 
In the context of laser material processing, a high level of knowl-
edge of the safety and environmental implications has been 
achieved and suitable measures and standards exist for protection 
against laser radiation and electrical and other associated hazards. 
On the topic of process by-products generated during laser cut-
ting, investigations show that the hazard is principally a result of 
the smallness of the fume particles and their chemical composi-
tion, on account of which they affect the alveolar macrophages, 
the cleaning cells of the lungs. When processing organic materi-
als, aerosols a variety of volatile organic compounds are emitted. 
If they are allowed to contaminate the workplace they become a 
potential health risks for the laser operator.
It can be shown that in most cases adequate extraction and filtra-
tion systems are available to address the hazard of process 
by-products. The contamination of the workplace atmosphere by 
LGACs can be avoided by installation of an efficient exhaust 
system. To minimise the pollution of the environment, filter sys-
tems are available for non-adhesive particles, but there is still a 
need to develop a filter systems for cleaning both adhesive parti-
cles and VOCs. Studies are at present being conducted on biolog-
ical filtration systems.
With the hazard and safety data now available, economical and 
ecological risks become calculatable for users of the laser technol-
ogy. This data enables decisions to be made free of prejudice for 
or against laser technology. Taking these factors into account, the 
laser is a competitive technology well prepared for future devel-
opments in environmental legislation.
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Cutting metals self cleaning filters not required
 org. materials self cleaning/ fabric filters* catalytic, biological, adsorptive*
Welding metals self cleaning filters not required
Material removal metals self cleaning filters not required
 org. materials self cleaning/ fabric filters* catalytic, biological, adsorptive*
Cladding metals self cleaning filters not required
Marking metals fabric filters not required
 org. materials fabric filters adsorption
Micromachining metals fabric filters not required
 org. materials fabric filters adsorption

Application Material Filtration of aerosols Filtration of gases

Proven filtration techniques for different laser applications



Safety of laser products series:
- Part 1: Equipment classification, 
requirements and users' guide
EN 60825-1 1994
IEC 60825-1 1993
Product standard plus user guide. EN is 
harmonised to Low Voltage Directive.
- Part 4: Laser guards
EN 60825-4 1997
IEC 60825-4  1997
Product standard plus user guide. EN is 
called up by EN12626 
- Part 5: Manufacturers’ checklist for 
IEC 60825-1
BS IEC TR60825-5 1998
IEC 60825-5 1998
Technical report 

Safety of machinery - Laser processing 
machines - Safety requirements
EN 12626 1997
ISO 11553 1996
Harmonised to the Machinery Directive
Personal eye-protection series:

- Filters and equipment used for per-
sonal eye-protection against laser radi-
ation (laser eye-protectors)
EN 207 1999
Product standard and user guide
- Eye-protectors for adjustment work 
on lasers and laser systems (laser 
adjustment eye-protectors)
EN 208 1999. 
Product standard and user guide (visible 
radiation only)

Screens for laser working places - 
Safety requirements and testing  
EN 12254  1998
UK edition will contain a foreword cautioning 
users on limitations of test requirements
Lasers and laser related equipment - 
Laser devices series:

Minimum requirements for documentation
EN 31252 1996
ISO 11252 1993
Product standard

- Mechanical interfaces
EN 31253 1994

ISO11253 1993
Product standard
- Fibre optic connectors for non-tele-
communication laser applications
EN ISO 11149 1997
ISO 11149 1997
Product standard

Optics and optical instruments - Lasers 
and laser-related equipment - 
Vocabulary and symbols
EN 11145 1996
ISO 11145 1994
Definition of laser and optical terms (defini-
tions of some terms differ from IEC 60825-1)
Power and energy measuring detectors, 
instruments and equipment for laser 
radiation

IEC 1040 1990
Minimum requirements and test proce-
dures for power and energy meters 

Lasers and Laser Related Equipment - 
Test Methods for laser beam parame-
ters series: 
- Beam widths, Divergence angle and 
beam propagation factor
ISO 11146* 1999*
* Not yet in print; currently available 
only as a FDIS
- Power, energy and temporal charac-
teristics
ISO 11554 1999
- Beam Positional Stability
ISO 11670* 1999*
* Approved but not yet in print; currently 
available only as a FDIS
- Polarization
ISO 12005* 1999*
* Approved but not yet in print; currently 
available as a FDIS
- Power (energy) density distribution
ISO 13694* 2000*
* anticipated date. Currently a DIS.
- Spectral characteristics
ISO 13695* 2001*
* anticipated. Currently available as CD
- Phase distribution
ISO 15367* 2001*
* anticipated. Currently available as CD

Lasers and laser related equipment - 
Laser materials-processing machines - 
Performance specification and bench-

marks for cutting of metals.
BS ISO TR 11552 1997
ISO/TR 11552 1997
Technical report 

Welding and allied processes - Electron 
and laser beam welded joints - 
Guidance on quality for imperfections 
Part 2: Aluminium
EN ISO 13919-2|* 1999*
ISO 13919-2|* 1999*
* anticipated. Currently a prEN draft

Specification and approval of welding 
procedures series: 
- Specification of welding procedures - 
Part 4: Laser beam welding
EN ISO 15609-4* 1999*
EN ISO 15609-4* 1999*
* anticipated .Currently a prEN draft
- Welding procedures test: 
- Part 1: Steel. Electron and laser beam 
welded joints
EN ISO 15614-2* 1999*
ISO 15614-11* 1999*
* anticipated .Currently a prEN draft
- Part 2: Aluminium. Electron and 
laser beam welded joints
EN ISO 15614-2* 1999*
ISO 15614-11* 1999*
* anticipated .Currently a prEN draft

Acceptance tests for CO2-laser beam 
machines for welding and cutting series:
Part 1: General principles, acceptance 
conditions
EN ISO 15616-1* 1999*
ISO 15616-1* 1999*
* anticipated. Currently  a prEN draft 
- Part 2: Measurement of static and 
dynamic accuracy
EN ISO 15616-2* 1999*
ISO 15616-2* 1999*
* anticipated. Currently a prEN draft
- Part 3: Measurement of the process 
orientated gas parameters
EN ISO 15616-3* 1999*
ISO 15616-3* 1999*
* anticipated. Currently a prEN draft

Listing of laser processing standards to 1/2/99

Mike Green
Pro Laser Consultants

100 Ock Street, Abingdon OX14 5DH

including draft standards , with international and European references
Safety of Laser Products

Laser Product Standards (other)

Laser beam measurements 

Laser safety equipment

Laser processing performance
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Forthcoming Events

18 Laser Processing of 
Polymers, Composites and Wood
Make it with lasers event
Further info: Carol Fielding, TWI
Tel: 01223 891162  Fax: 01223 892588

Further ahead .....

The e-mail airwaves have been purple with rage and invective 
over the last month or two.  I normally expect the eyes of my 
audience to cloud over and close as soon as I mention 

Standards - but not this year.
It all started way back in 1990 when IEC and ISO wanted to mark out 
their laser territories for the "harmonisation of international Standards". 
It was agreed at that time that IEC would look after laser safety and ISO 
would take care of laser beam measurements. Unfortunately, one of the 
IEC Working Groups with a Japanese Secretariat wasn't involved in those 
discussions. They thought that they had responsibility for laser diodes 
because they were electronic components after all. Arguments broke out 
trying to decide if the diode laser was an electro-optic or an opto-elec-
tronic device. Duplicate Standards started to appear. In 1997 IEC and 
ISO decided they would set up a Joint Working Group (JWG) to identify 
areas of duplication and make recommendations as to who should repair 
their Drafts and Standards.  How sensible - and harmonious!
Peace Talks. The JWG started work in February last year.  We met in San 
Jose with a Japanese ISO Convenor and Japanese IEC Secretariat.  The 
problems were sorted into seven Topic Areas from "Astigmatism 
Measurement" to "Vocabulary". People from IEC and ISO Working 
Groups were assigned to the task of identifying the problems and sug-
gesting solutions. How sensible, how amicable!  
Unfortunately, no sooner had everyone got back home than the German 
Secretariat for the ISO laser work decided to issue New Work proposals 
for three projects. The projects were to revise some existing Final Draft 
Standards (such as the power measurement and beam propagation 
Standards) to accommodate deficiencies discovered elsewhere and to 
accommodate the revisions suggested by the JWG. It was unfortunate 
because the Japanese IEC people thought that ISO were trying to steal a 
fast one and taking over the standardisation of diode lasers.
A Phoney Peace.   A truce and hiatus was called.  No work took place 
until we met again in June in Hokkaido.  Informal peace talks were held 
(chaired by the UK) and all Japanese present were persuaded that there 
was no take-over bid. At the following formal meeting recommendations 
were agreed and minuted.  Solutions were devised - like revising the ISO 
power measurement standard for laser beams to include an integrating 
sphere technique to accommodate the highly diverging beam from a 
diode laser.  How sensible, how collaborative!
In October, there was a huge jamboree in the form of a General Meeting 
of IEC in Houston. The next week there was a meeting in Houston of the 
Joint Technical Advisory Board.  This is a  ‘top body’ with ISO and IEC 

delegates from national Standards Institutions. It appears that the 
Japanese IEC delegate had been briefed to table the laser diode topic 
again.  He had not been told about the happy agreements reached by the 
JWG. He gave such a compelling performance that all the other 
un-briefed national delegates gave way and agreed to recommend that 
ISO state that none of its Standards could be applied to diode laser 
beams.  
War! The official recommendations of the meeting would undo eight 
years of hard work by ISO/TC 172. This is when the air went purple.  
Cries of "hidden agendas", "sacrificial projects" and "economical with 
the truth" were heard.  Loins were girded, dirks were unsheathed. We 
were all urged to brief our national delegates in time for the ISO and IEC 
management meetings. Briefings have taken place.  France and UK 
would vote against the recommendations in both ISO and IEC.  US and  
Germany would vote "against" in ISO.  The Japanese ISO people were 
very ashamed of the actions of their IEC people and would vote "against" 
but, of course,  the Japanese IEC man was still "for".  
A Battle Won? The ISO Technical Management Board met on 26th 
January this year. It voted to reject the recommendations of the JTAB.  
The JWG met again in San Jose on 27th January. They carried on with 
their work of re-harmonisation - but they couldn't refrain from scoring a 
point. The IEC Working Group that had created all the fuss in the first 
place was no longer in existence.  It had been disbanded at the Houston 
meeting! The work had been handed on to another Japanese committee 
but they didn't have any representatives there.  It was a Joint Working 
Group only in name.
The Future?  The IEC Committee of Action is to meet in early February.  
The result of their decision will be known by the time you read this.  I do 
hope this is the last we have heard of this particular battle.  It really is 
time that the administrators backed out of these decisions and left it to the 
technical people.  After all, a beam, is a beam, is a beam.  It doesn't mat-
ter if it has come from a 50 kW CO2  laser or a 50 mW diode laser, the 
propagation rules and Maxwells Laws are unchanged. The current rec-
ommendations are that a Joint Technical Advisory Group be formed with 
ISO and IEC representatives to pontificate on potential clashes - which 
will inevitably arise. Whose going to look after digital cameras?  The UK 
proposal that might be accepted is that IEC look after electrons and ISO 
look after photons.
On the other hand, why don't we amalgamate ISO and IEC.  Their 
Central Secretariats are both in the same street in Geneva anyway - or 
will I be burnt for heresy?  Or, since I work in both camps at the moment, 
will I be shot for espionage?

1999 Events

9 June Rutherford Laboratory 
Lasers in Microengineering
International Workshop (see p 2)

15 Sept Loughborough University
Maintenance & Monitoring
Members Meeting

24 Nov Lumonics
Designing for Lasers
Open Workshop

4 Specialist Meeting for
Laser Jobshops
NG Bailey, Leeds
Further info: AILU

7 AILU members only
‘What’s new in ‘99’ and AGM 
Further info: AILU, see also p2. 
Separate mailing of details to members. 

AILU supported

8 - 11 ILSC ‘99 
International Laser Safety 
Conference 
Orlando, Florida
Further info: Laser Institute of 
America   Tel:  +1 407 380 

May 99

THE SOUL-STIRRING STANDARDS SCENE   by Brooke Ward, Europtics
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Coming up in Issue 15
LASER TECHNOLOGY
Diode pumped solid state lasers
Erwin Bente (Institute of Photonics) leads a feature 
reviewing current state-of-the-art.

LASER WELDING
Nd:YAG Multiple Spot Welding
The state of the art in this important manufacturing 
technology.
Laser robotics
Michael Rabuser reviews the solutions to 3-D  
processing

Laser welded tailored blanks
Trudy Auty reviews the technology

Laser Weld Monitoring
Chris Peters reviews what’s available commercially

LASER MARKING
Difficult applications
We look at some important and challenging  
applications for laser marking technology
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