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AILU President honoured by LIA 
At the recent ICALEO con
ference in Detroit USA, 
organised by the Laser 
Institute of America, 
Professor Bill Steen was 
presented with the 1996 
Arthur L. Schawlow Award 
in recognition of his pio
neering and ground breaking 
work in laser materials pro
cessing and his continuing 
activities as a researcher and 
educator. 

first presented by the Laser Institute of America in 1982 to recog
nise individuals who have made distinguished contributions to 
applications of lasers in science, indushy or education. The award 
consists of a silver medal, a cash prize of $1000 and an appropri
ate citation. 

It is particularly appropriate that Bill should be honoured in this 
way during his first year as President of AILU. His positive 
approach to laser materials processing has been a source of energy 
for the UK laser community for many years, and at Live1pool 
University he heads what is probably the most active UK research 
group in this field. 

Professor Bill Steen The Schawlow Award was (e.g. see news item on page 5) 

One Year Old Today 
AILU was launched on 1November1995. One year later, and the 
Association has more than doubled its membership. At the launch 
there a founding membership of 60, and since then the rise in 
membership has been steady, reaching a current total of 134. 

The Association's approach throughout has been to remain solid
ly independent and as far as possible to suppo1t all initiatives 
aimed at helping UK manufacturing industiy make the most of 
laser technology 

The AGM at Coventry University on 31 October will be an 
oppo1tunity for members to express their views on what AILU 
could be doing better. The "Hot Line" consultancy se1vice has 
not been as well used as anticipated, with just over 80 significant 
queries deait with, but this magazine has been a great success. A 
promising start has also been made to AILU's safety activities. 

Meeting on laser cutting 
to be held at TWI 
The next general technical meeting of the Association will take 
place at The Welding Institute on 12 February 1997. 

The theme of this next meeting will be laser cutting, in recogni
tion of the pioneering work that TWI has played in this field. The 
photo opposite, uneaiihed by Paul Hilton, is of particular histori
cal significance. 

The photo shows the worlds first ever gas assisted laser cut. It 
was made in high carbon steel by TWI and SERL (Services 
Electronics Research Laboratory) in May 1967. 
Thickness: 0.08 inch. Speed: 40 inch/min. 

Birth of ELAN 
A meeting to discuss the fo1mation of a European network of 
laser associations, convened by Club Laser de Puissance, was 
held in Paris on 17 - 18 October 1996. A French air traffic con
ti·oller 's sti'ike kept several representatives away, but spokesmen 
for AILU and TWI in the UK and DELAS and AKL in Ge1many 
were present, along with representatives from research institutes 
in Italy, Greece and Finland where laser associations have yet to 
be established. 

Agreement was reached to form a European Laser Applications 
Network (ELAN), with the objective of promoting laser technol
ogy in industii.al sectors in Europe by co-operative actions. 

Various initiatives in technology transfer are planned. Other 
actions include the identification of new strategic areas of devel
opment, the comparison of lasers with competing processes, and 
the development of benchmarks for laser processes. 

mike
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Editorial 

Letters to the editor other things on her mind. 

Paying for purity 
After reading Jack Gabzdyl's aiticle on 
'Process assist gases for laser cutting of 
steels' (issue 4) I would like to make the 
following point: 

An increase in oxygen purity from stand
ard (99.7%) to high purity (99.9%) increas
es the cutting speed by - 10% but the cost 
of the gas rises by ~ 100%. There are, 
therefore, only a limited number of appli
cations where the improvement in cutting 
speed justifies the increase in gas costs. 

John Powell 

Laser Expe1tise Ltd. 

Measure that beam! 
I was intrigued by your extensive Editorial 
(Issue 4, August '96) discussing the many 
aspects of beam monitoring. I was particu
larly intrigued by the concept of Bill 
Steen's use of a silicon mirror to analyse 
his leaky bottom*. Was this the invention 
that attracted the Ait Schawlow Award? 

The wide range of responses and views on 
monitoring must be a reflection of the 
good and bad experiences of laser process
ing. On the other hand, there was Tim 
Holt, with his background of brilliant 
Fe11'anti/Ecosse and Rofin Sinar lasers, 
who felt that monitoring was not really 
necessa1y if you had a good laser. Then 
there was Ian Baker with the ingenious 
ZED solution to monitoring production of 
high value components. 

Obviously, the main conclusion that can be 
drawn at this stage of development of 
beam monitoring is that the all-singing M2 
instl'Ulllents for C02 laser systems can be 
expensive - but if quality is impo1tant, 
their cost can pale into insignificance 
when compared with the cost of process 
failures. Imagine the ulcers of the produc
tion engineers responsible for using lasers 
to weld the mechanical hubs of automobile 
gas bag systems or to join coils for contin
uous-feed sheet-steel annealing and pick
ling lines. The trivial cost of in-line moni
toring and matched pre-emptive mainte
nance provision may be much cheaper 
than BUPA cover for the production team. 

Another aspect of beam monitoring that 
has not been mentioned in the annals of 

AILU is that of safety. If a real-time mon
itor of the quality, power and position of a 
high-power laser beam shows it to be with
in the process tolerance limits - then it is 
unlikely to present an errant-beam hazard. 

To paraphrase a famous scientist (I forget 
who!) - 'If you can't measure it, you don't 
know owt about nowt!' There are many 
input parameters to laser cutting and weld
ing processes. The process tolerance lim
its to changes in polarisation, angle of 
incidence, cutting nozzle stand-off or 
throat geometiy are not often discussed. 
These parameters are rarely measured and 
recorded. The sensitivity of the process to 
many system prope1ties is unknown. This 
is why I will strongly oppose any attempts 
to write Standards for acceptance tests of 
laser cutting/welding systems (but more 
about that another day). 

The bottom line is - we should all be mak
ing much more effo1t to measure the pro
cessing conditions we use. Then we can 
begin to devise tolerance limits and pro
vide documenta1y QA material. Your anal
ogy with 'blind flying' is ve1y apt. 
Ce1tainly, those early ham-storming seat
of-the-pants flyers were highly skilled 
characters but their instrumentation was 
quite marginal compared to the civil air
craft of today - as was their profitability 
and reliability! 

Bl'ooke Wal'd 
The Europtics Paitnership 

*Woops! Our fault. It should have read 
'leaky beam'. The typist must have had 

A Note from the Editor 

Back to Basics 
I think that the subject of 'Sheet Metal 
Cutting' should be considered as a discus
sion topic at a future AILU session. This 
thought came to me after reading several 
of the aiticles in Issue 4 of the Industrial 
Laser User and was reinforced after dis
cussions with yourself and others at the 
recent Engineering Lasers show at the 
NEC. I hope the following helps to explain 
what I am driving at. 

The various aiticles and comments in Issue 
4 illustrate the problem of writing articles 
on state of the art topics while tiying to 
relate the subject matter to cu11'ent usage. 
The differing emphases of the researchers 
and the manufacturers/users is readily 
apparent and I fear that the gap between 
the two groups might be widening. Just 
look at Bill O'Neill's comments on Jack 
Gabzdyl 's article on Assist Gases. Bill - a 
self-confessed out of touch researcher -
bemoans the apparent lack of user interest 
in research programmes and goes on to 
makes a sti·ong plea for a greater inter
change between researchers and the rest 
and, although Bill's comments refer spe
cifically to sheet metal cutting, I think they 
are equally relevant to many other topics. 

Perhaps the quest for UK or Euro funding 
forces researchers into projects well 
beyond the mundane stuff that the rest of 
us are tiying to grapple with in the eve1y 
day task of staying alive and hopefully 
making money. All too often these projects 
result in aiticles which have little cwTent 

AILU, and with it this magazine, was launched on 
1November1995. One year later and The Industrial 
Laser User is widely recognised as the leading UK 
magazine within the industrial laser community. 

I owe pa1ticular thanks to all the AILU members 
who have contributed articles, letters and com
ments to the magazine, and especially to the regular 
contributors who have freely given so much of their 
time. After the first couple of issues there were 
several members expressed doubt that there was enough going on in the UK laser com
munity to support a magazine so packed with cwTent material. I am pleased to say that 
they continue to have be proved wrong. 

As AILU moves into its second year we look forward to the Pacific Rim mission and 
the European Technology Transfer Fol'Ulll in April that we are organising, to name but 
two, so I have no doubt that there will continue to be much to report. 
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ply confuse them. For example Tim Holt, 
in his comments on Laser Beam 
Monitoring, extols the vi.ttues of the Mode 
Bum as a diagnostic tool and succinctly 
explains its very cost effective use. On the 
other side of the fence, so to speak, Brooke 
Ward in his comments on the same article 
shows us the inadequacy of the mode bum 
as a measW"ing tool. The important point, 
also made by Tim, is that there are many 
who can reasonably rely on the mode bum 
and who have little or no need to measure 
more accurately or monitor the beam let 
alone determine its propagation character
istics which conveniently leads me on to 
Brooke Ward's own excellent article on 
beam propagation. 

Brooke very clearly explains the basic 
propagation equations and applies them to 
moving optics systems. He develops four 
important points but, as Malcolm Gower 
comments, doesn't really develop them to 
the point where thefr practical significance 
is clear to a user. Malcolm also questions 
the need for most users to understand 
2nd-moment concepts and I must say that 
I agree with him. I believe that any respect
able laser manufacturer should be able to 
specify the propagation characteristics of 
their lasers and maybe its time that users 
insisted they did so, thereby ridding the 
industry of those loose and dubious beam 
quality statements complained of by 
Brooke in his article. Armed with this data 
- M2, embedded waist size and waist posi
tion - and using the simple equations pre
sented by Brooke, the majority of system 
builders and/or users would be able to 
predict and, if necessary, modify the beam 
profile adequately for their requirements. 

But back to the development of the four 
important points and I take, as an example, 

typical components of the moving optics 
sheet metal cutter. The typical laser is an 
axial flow C02 laser, operating at a power 
approaching 2kw, with an M2 of around 
2.5, an embedded TEM00 waist of diameter 
of about 10 mm, positioned about 1 metre 
from the output coupler (O/C). The typical 
cutting table has a working area of 1.5 x 
2.5 metres, uses a 75 mm focusing lens 
which, allowing for laser to table coupling 
optics etc., can be positioned around 2.0 
metres from the O/C at its nearest point 
and 6.0 metres at its furthest point. It has 
some form of height sensor to maintain the 
lens at a constant but adjustable height 
above the material. The straightforward 
application of Brooke's equations yield the 
graphs shown above. 
The left hand graph plots beam diameter at 
the lens (Beam diameter) and focused spot 
diameter (Spot diameter) over the working 
distance of the focusing lens from the O/C. 
A third (Aperture) is also included and this 
shows the size of the clear· aperture needed 
to allow most of the laser power through. 
The inverse relationship of spot size to 
beam size refen-ed to by David Greening 
in his comments on Brooke's article is 
clear. However, most users make the final 
adjustment to the nozzle via trial cuts with 
the material on the table, consequently the 
actual size of the focused beam at the 
material surface is arguably more relevant. 
The second graph shows the var·iation in 
the focused spot size at the material SW"
face versus distance from O/C. One plot 
(Far point) shows the effect of making the 
final adjustment with the lens at the fur
thest point 6 metres away from the O/C. 
Another (Near point) shows the effect of 
making the final adjustment with the lens 
at the nearest point - 2 metres away from 
the O/C. Another (Focal plane) shows the 
constant size that would be achieved if the 

lens had been set so that its focal plane was 
coincident with the material surface. While 
the latter illustrates Brooke's 4th important 
point, collectively the plots illustrate the 
significance of the position at which the 
final adjustment is made. 

Most systems included beam modifying 
optical components between the O/C and 
the focusing lens. However, the variations 
on a theme are many and all can be ana
lysed fafrly easily provided one has the 
basic beam char·acteristics of the laser. 

Finally to the discussions at the Engineering 
Lasers show. Paul Hilton (TWI) reminded 
me that we are rapidly approaching the 
30th anniversary of meta.I first being cut by 
laser and I believe that we are also close to 
the 20th anniversary of the first production 
moving optics flat bed cutter. Despite the 
long history, there is still a wide variation 
in the equipment, the techniques and the 
results apparent in the UK industry today. 
The difference between the best and worst 
is as chalk to cheese. Maybe these differ
ences will prove to be 'trade secrets' - I 
hope not. For, like Bill O'Neill, I can 
envisage a useful interchange of ideas 
between researchers, manufacturers and 
users. Hence my suggestion for the follow
ing AILU discussion session : 'Sheet Metal 
Cutting - Is there a need for collaborative 
resear·ch?' * 

Ben Switze1· 
Laser Products Ltd. 

*Ben should be pleased at the news on 
page 1 about the plans for the next AILU 
general meeting at TWI. 



Editorial 

Response to Ben Switzer 
I was delighted to be given a preview of Ben's use of the beam propagation 
equations. They eloquently show the problems lurking in the design of mov
ing optics systems. It was a lack of appreciation of the effects of change of 
optical range on spot size that led to the loss of $2M and a number of jobs at 
a famous laser company in the early 70's. It was the results of this effect that 
led to a mistmst of moving optics gantries. The solution, as often pointed out 
by V &S Scientific, is simple. Install a beam expander. You can use the prop
agation laws to select an expansion ration that will reduce spot size varia
tions to less than 2% say. You can work out how to adjust the separation of 
the lenses of the expander so that the output beam waist sits close to the 
centre of the optical range. This last precaution alone could halve the spot
size variation that might otherwise exist. All this is possible if you know the 
quality of your beam. 
This capability all derives from being able to assume a simple hyperbolic 
envelope for a propagating beam. The envelope only exists if you define it 
using the 2nd moment measW'ement of beam width. If you do all this, then 
it is possible to predict the propagation of the beams from laser diodes, inco
herent LED's and even searchlights. There is no need to think in te1ms of 
angular subtense and dismiss propagation theo1y as a load ofhyperbollocks! 
It's all so simple and predictable - in theo1y. Must test it some time. Who'd 
like to fund me testing the propagation laws of LED beams? 

Brooke Ward, 

Europtics 

Erratum 

An Idiot's Guide to Laser Beam 
Propagation 
(Issue 4, p4 - 8) 

We would like to apologise to Brooke Ward and our 
readers for two small but significant en-ors in the equa
tions used in Brooke's article .. 

(p5, right hand column, first equation) 
The variation of the 1 1 ·1 with radius is given 
by -----

R2 f R, 

(p6, right hand column, first equation) 

The simple lens formulae is 
~ ~ 

I - l.,.e-.2• "" 

Members News 
Laser Cutting for BSD Hot Rolled Processing Centre 

BSD, the steel se1·vice centr es arm of Br itish Steel, has 
installed a £500,000 advanced laser cutting system at its hot 
rolled processing centre in Leeds. 

Pait of a major capital investment programme to increase the 
processing capacity of the expanded Oldfield Lane facility, the 
Pullmax supplied 2.8 kW Bystronic Bystar laser cutter has been 
acquired to meet an increasing demand for complex shaped 
blanks from hot rolled strip up to 12.5 mm in thickness for cab 
and other components in the mechanical handling, trailer and 
yellow goods market. This will complement the heavier range of 
blanks being produced by submerged arc profiling methods at 
BSD's nearby Plate Processing Centre in Midland Road which 
will open officially in September. 

The precision cutting perfo1mance of the Swiss built machine 
with its height sensing and sheet recognition and positioning 
capabilities is ideally suited to the hot rolled strip product which 
has the high surface quality and dimensional integrity now 
required by original equipment manufacturers. The blanks it pro
duces are highly suited for use with robot welding operations. 

Other investments at the Leeds site include a 46,000 sq ft exten
sion to accommodate multi-strand blanking, a combi-line refur
bishment project to provide sophisticated stacking, material han
dling and levelling facilities for existing equipment and the 
installation of new cranes at a total expenditure of £2.5 million. 

The machine has a 4000 mm x 2000 mm cutting area which has 
been modified for automatic loading and off-loading and further 
adapted to BSD's own specifications to process sheet up to 5000 
mm x 2000 mm with manual intervention. Bystronic 2.8 kW laser cutting system at BSD 
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New Laser Teaching Lab 
at Liverpool University 

On 16th September, The Laser Group at the University of 
Live1pool opened their new Laser Teaching Laboratory in the 
Department of Mechanical Engineering. 

The Laser Teaching Laboratory was part-funded from the 
European Community's ERDF Programme as pait of the overall 
Objective 1 initiative, Laser Engineering - Innovation for 
Merseyside Industry. The laborato1y will facilitate the practical 
training of both students and industrialists in laser engineering 
technology and will be the UK's venue for the Euro laser Academy 
course which is being based at Live1pool this year. 

The Lahorato1y was officially opened by Mr John Taylor MP, 
Parliamentaiy Under Secretaiy of State for Corporate and 
Consumer Affairs. He unveiled commemorative plaques which 
had been laser marked in the laborato1y. The opening ceremony 
was followed by a tour of the Laboratory, with laser demonstra
tions and a sho1t talk on laser cutting by John Powell of Laser 
Expe1tise. 

The event was attended by around 100 people, comprising mem
bers of the Laser Group, departmental academic staff, industriaI 
paitners, local Government and council officials. 

Heraeus Improve Laser 
Lamp Quality 
Since adopting stringent quality control procedures and becoming 
the only laser lamp manufacturer in the world to achieve full 
ce1tification to the ISO 9001 quality standard, the Cambridge
based, laser lamp division of Heraeus Noblelight Ltd has been 
able to demonstrate significant improvements in the quality of its 
products. 

Heraeus obtained ISO 9001 ce1tification in June 1993 but had 
been introducing the quality assurance system gradually since 
1992. The benefits of the company's totaI commitment to quaiity 
ai·e now being realised. More impo1tantly, the effects of the qual
ity programmes can be demonstrated conclusively by the fact that 
customer returns are now of the order of 1 %, as opposed to 2. 7% 
in 1992. 

Lamp manufacture is a very complex and sophisticated proce
dure, combining modem technology with traditional skills, to the 
extent that eve1y lamp is vittuaUy hand-built. The Heraeus QA 
system controls and monitors eve1y stage of the manufacturing 
process, from incoming supplies, to individual component manu
facture, such as lamp bodies, electrode and connectors, to final 
assembly, gas fill and electrical testing. 
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Member's News 

Howden Laser to supply large 
area laser welder 

Howden Laser of Dundee in Scotland have been awarded a 
£640.000 contract by ADtranz Amadora of Po1tugal (pa1t of 
ABB Daimler Benz Transpo1tation) to supply a large ai·ea laser 
welding system. The system will comprise the LE3000 Industrial 
C02 Laser and a Howden Laser special purpose beam delive1y 
unit mounted on an overhead ganhy system. The working ai·ea of 
the gantry is 140 metres by 3 meti·es and this is to be supplied 
under sub-contract by Ganandaie systems of Derby. 

Gordon Freeman, the general manager Howden Laser, said 'we 
are absolutely delighted to have been awarded this prestigious 
order by ADtranz Amadora in the face of international competi
tion.' 

The Howden large area laser processing gantry 

David Price bids au revoir to 
industrial lasers 
David Price, laser standards guru and proprietor of the 
Manufacturing Laser Consultancy, has accepted a full time per
manent appointment as Operations Manager at Lei ca Lithography 
Systems, Clifton Road, Cambridge. 

Leica Lithography Systems is a leading edge manufacturer of 
electron beam nanolithography systems for semiconductor R&D. 
The company uses lasers for metrology within their E-beam sys
tems but the company's expe1tise lies in high accuracy electron 
microscopy, high speed electronics, and software engineering. 

Sadly for the laser community, David is bidding fai·ewell to the 
industrial laser scene and has tendered his resignation, both as a 
Dii'ector of the UKLEO ti·ade association and as an AILU Vice 
President. 



Member '.5- News 

AILU Members make the most of visitors 

Engineering Lasers '96, pa1t of the 
Metals Engineering '96 exhibition, has 
proved a successful new venture for 
Argus Business Media. 34 companies 
exhibited at the event, including 20 
AILU members. 

The event was opened on Monday 23 September by the Lord ~ 
Trefgame, while on the Wednesday Richard Page MP, the ~ 
Secretary of State for Small Businesses, Industry and Energy, also 
made a tour of this AILU supported event. 

The AILU and Make It With Lasers stands were kept busy, par
ticularly with serious queries from potential new users of laser 

Richard Page MP {left), the Secretary of State for Small Businesses, 
Industry and Energy, Inspects a laser cut part with John Trickett of 
LaserLab after a /Ive demonstration of high power CNC controlled laser 
cutting by the Prof/lePlus machine. 
On the first day of the show, LaserLab celebrated the £300,000 sale of 
their ProfllePlus machine to Capital Lasers, the London based laser job 
shop. The ProfllePlus Incorporates a PRC 3.5 kW C02 laser and a fully 
automated pallet changer. 

Lumonics display new machine 

The Laserdyne 550 BeamDirector made its UK exhibition debut 
at Engineering Lasers '96. 

Designed for high cutting speed contour cutting, drilling and 
welding of smaller, cylindrical and other 3D pa1ts up to 725 mm 
across, the 550 BD multiaxis machining system has been speciaI
ly developed for fast information processing to ensure reliability 
and accuracy with tight tolerances where processing speed, accu
racy and repeatability are essential 

The improved enclosure design inco1porates two opening doors 
giving front and top access and fast pait and fixture loading. The 
enclosure also provides easier access to the laser head and motion 
system for cleaning and routine maintenance. 
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The Lord Trefgarne {left) l/stens to Tim Holt on the Rof/n Slnar Laser stand 
describe the wonders of the new 2kW C02 diffusion cooled Slab Laser, the 
DC20, which was making Its first showing at a UK exhibition. 

technology. Many of the questions raised clearly underlined the 
need for more vigorous campaign of dissemination of informa
tion on laser materiais processing into the manufacturing commu
nity. 

Monday was the only really quiet day of the show, but while 
attendance picked up on the other days the event could have been 
better attended. Despite this, most exhibitors questioned at the 
end of the show agreed that, while attendance could have been 
higher, the event had resulted in many valuable enquiries and had 
generated many new contacts within the UK manufacturing com
munity. 

Argus plan to link the next Engineering Lasers event as part of the 
Mach exhibition in April '98, where it would mn adjacent to 
Subcon and other exhibitions closely linked to manufacturing 
technologies. 

The Laserdyne 550 BeamD/rector 



CLEORD 

At its recent AGM, UKLEO unveiled plans to launch CLEORD 
(Council for Laser and Electro-Optic R&D) as a new UK R&D 
fomm for lasers, electro-optics, optical instmmentation and their 
applications. CLEORD will aim to provide a unifying strncture, 
bringing together all the interested parties in industiy, academia 
and government service. Regional bodies such as the SOA 
(Scottish Optoelectronics Association) and its Welsh equivalent 
have proved popular, and CLEORD hopes that a similar body 
covering the whole of the UK will be even more popular. 

CLEORD would like to act as a "supra society'', enlisting the 
support of existing organisations to press its case for keeping 
lasers to the fore, especially in regard to the funding of laser 
R&D. Professor Colin Webb (Clarendon Laborato1y and Oxford 
Lasers) is President, and the Institute of Physics has already 
expressed its suppo1t. UK.LEO will play a leading role, represent
ing the industriaI supplier side in CLEORD. 

The aims of CLEO RD include the promotion of technology ti·ans
fer and use of lasers in the UK and the provision of a point of 
contact for overseas enquiries in regard to products and R&D. On 
these topics at least, it is acknowledged that there is considerable 
overlap with AILU's aims in the area of materiais processing. The 
AILU committee has expressed considerable misgivings over this 
and questions the need and motivation for an extra tier of UK 
laser organisation. 

It is planned to launch CLEORD early in 1997, to coincide with 
UKLEO's 10th anniversary. 

AEA Technology makes laser cut 
and welded prototypes for CERN 
AEA Technology has produced three laser-processed beam screen 
prototype segments for the new LHC (Large Hadron Collider) at 
CERN. 

The beam screen is a square cross-section stainless steel tubular 
ring of several km diameter through which the accelerated pa1ti
cles will fly when LHC is operational. The beam screen has a 
stainless steel capilla1y, which will contain liquid helium coolant, 
welded a.long its length, and is pe1forated with millions of small 
slots (to allow the beam screen to be evacuated) and is coated on 
the inside with a thin layer of copper. 

AEA Technology was awarded the conti·act by CERN to produce 
the prototype segments, which are each 11 m long, on the sti·ength 
of the organisation's capability to perfo1m all three operations 
within the same company. First, the slots were C02 laser cut using 
a specially designed CNC handling rig set up at Culliam 
Laboratory. The jig moved the 11 m long tubes under the cutting 
head, and removed the debris from inside the tube. The slots had 
to have a repeating random pattern of spacing and slot size, 
pre-programmed in the cutting software, and were required to be 
totally dross-free. This was achieved by using high-pressure nitro
gen cutting. 
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Member's News 

Diomed Industrial Division 
Diomed Ltd, the Cambridg~based manufacturer of diode lasers 
for smgical applications has created an Industi1al Division. The 
new division is led by Dr Doug Fernie, previously Engineering 
Director of Diomed. 

Diomed sees its niche at the low CW power end of the industi·ial 
applications spectrnm. Target applications include soldering and 
brazing of small parts, plastics cutting and welding and package 
marking. Diode lasers are unlikely to compete with excimer or 
copper vapour lasers but some overlap is expected with low 
power Nd:YAG and C02 lasers. With advances in beam quality 
and power, the range of applications is likely to grow. 

Key Promotion at POE 
The Management Team at Precision-OpticaI Engineering has 
been sti·engthened with the promotion of Annabelle James to 
Commercial and Finance Manager. After gaining a Diploma in 
Management Studies, Annabelle began her career with B11tish 
Aerospace, subsequently joining the POE business centi·e five 
years ago. 

Her promotion makes her responsible for 
the financial, commercial and administra
tive functions of the business centre and 
she is also involved in the negotiation of 
new trading and distribution conti·acts. 

Annabelle is looking forward to her role 
developing as POE continues to expand its 

"'"'---' . 

range of products and services. Annabelle James 

After slot cutting, the prototypes were transfen-ed to Ha1well 
Laborato1y for electi·ochemical cleaning and copper coating. They 
were then returned to Culliam Laborato1y for welding of the cap
illa1y tubes along their lengths. In order to minimise heat input 
and distortion, the capillaries were spot welded to the prototypes 
using a pulsed C02 laser. 

Throughout the work, CERN ca1ried out mechanical and analyti
cal tests in order to ensure that all three prototypes would satisfy 
the tough demands on cut quaiity and weld- and coating integi1ty 
that are imposed by LHC's operational conditions. 

AI! three prototypes are now at CERN, undergoing tests. 

·- - - -
Laser cut and laser welded beam prototype for CERN's Large Hadron 
Co//lder. 



Lasers in Manufacturing 

High Power Laser Applications for 
Diffractive Optic Mirrors and Lenses 

Two papers presented at conferences this year are singled out to illustrate the potential 
breadth of application of DOE technology in laser materials processing. 

alternative optical approach is the use of diffractive optical ele
ments. 

Loughborough University are pm-suing this approach and are 
cmTently producing reflective components which have the poten
tial of projecting images onto a workpiece in any required inten
sity distribution. In work reported in June at the European 
Symposium on Laser Optics and Vision for Productivity in 
Manufactming, held in Besancon, France; Tyrer, Noden and 
Hilton reported the results of a feasibility study of producing 
computer generated DOE's (kinoforms) to convert an existing 
35 mm diameter 5 kW C02 laser beam with a Gaussian energy 
profile, into a 6 mm x 8mm rectangular beam with a uniform 
intensity distribution at a focal distance of 500 mm. 

Kinoform fabrication techniques require that a phase map, in the 
form of a series of discrete steps, each step a fraction of the laser 
wavelength in depth, be written into the optical element. The 
manufacturing route was to write the computer generated pattern 
onto the surface of a reflecting copper block by photolithography, 
using an electrophoretic negative-working photoresist. In this 
feasibility study only a single step was used, which severely lim
ited the diffraction efficiency and the quality of the reconstructed 
image. 

Since September 1995, Loughborough has been involved in a 
Link programme entitled 'Surface modification using diffractive 
optical elements' (SMUDOE), to develop diffractive elements for 
use in industrial applications with high powered C02 and 
Nd-YAG lasers. 

'High efficiency multiple phase level DOE's are being produced 
by two techniques; photolithography using grey scale masks and 
direct-write electron beam lithography,' said Sara Noden. 

'Cun·ent/y the optics are being fabricated on silicon wafers, 
where the diffraction pattern is etched into the substrate using 
reactive ion etching. The elements are then gold coated to provide 
a highly reflective surface. We have manufactured several optics, 
but have not yet tested them in a high power laser system. We 
expect significant improvements in the performance of these mul
ti-phase level optics as opposed to the binary elements that were 
tested previously. Predicted diffraction efficiencies are greater 
than 90%.' 

* JR Tyrer, SC Noden and PA Hilton Diffractive optical elements 
for manipulation of high power C02 laser radiation - a feasibili 
ty study. Proceedings of the European Symposium on Laser 
Optics and Vision for Productivity in Manufacturing, Besancon, 
France, June 1996. 
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Figure 1. A Diffractive Optic Element 
The computer generated pattern Is plotted on a high resolution printer for 
photo-reduction to produce an exposure mask. A 75 mm diameter and 12 
mm thick copper substrate Is coated with a 4 µm layer of photoreslst by 
electrophoretlc deposition and exposed to UV fight through the mask. The 
photoreslst Is developed and a layer of gold Is vacuum deposited on the 
surface to produce a mirror. 
The surface prof/le of the calculated Image for a 6 x 8 mm rectangular 
profile required needed a step height of 5.3 µm to cycle through a com
plete phase change of a carbon dioxide laser of wavelength 10.6 µm. Such 
a profile required modification for use at 45°, therefore the maximum 
height prof/le used was 5.3 x cos45° giving approximately 3. 75 µm. 
With 4 kW Incident powers about 75% of the power was In the Image, most 
of the remaining power apparently being absorbed Into the optic. 

Figure 2. Reflected image 
Computer simulated reconstruction of beam power distribution. The left 
hand figure corresponds to a binary optic and was found to agree well with 
experimental results where a 6 x 8 mm rectangular Image was created 
from a 25 mm diameter C02 beam. The right hand simulation Is for a 64 
element DOE 



1. Reflective optics for high power C02 laser 
surface engineering* 

The application of high power lasers in such surface engineering 
applications as surface melting, alloying and cladding, generally 
require relatively low power densities, applied over a large sw._ 

2. Transmissive optics for high power Excimer laser 
hole matrix drilling** 

British Aerospace has a number of impo1tant applications that 
require the drilling of aITays of holes over large areas. These 
include the manufactW'e of porous panels in Titanium and 
Aluminium for hybrid laminar flow control systems and the man
ufacture of acoustic daniping panels in carbon fibre composite. 

In a collaboration with Nederlands Centrum voor Laser Research, 
the team at Sowerby Research Centre have exploited the Dutch 
lkW average power excimer laser with the aid of innovative 
DOEs to provide elegant solutions for efficient in-parallel hole 
drilling. 

Excimer lasers generally use either mask imaging or serial pro
cessing optical delivery systems for such applications. The prac
tical difficulty of applying these solutions to the hole aITay prob
lem was that both techniques are highly inefficient in their utilisa
tion of beam power. For example, the beam utilisation factor for 
mask imaging with a 1: 10 hole diameter to pitch ratio will only be 
about 1 %, while for seriaI drilling the same order of low beam 
utilisation factor arises because for drilling small diameter holes 
only a small pulse energy, about 1 OmJ of the 1J per pulse availa
ble from the Dutch lkW laser, is required. 

The Excimer laser DOEs were manufactured in fused silica, 
because of its good UV transmission and high damage threshold. 
They were computer generated and then reactive ion etched onto 
one side of the substrate using photolithographic patterning. 
Typical lenses are 50 mm diameter and 3 mm thick 

To produce the smail (e.g. 40 µm diameter) holes needed for 

Figure 3. Parallel focusing drilling technique for the Excimer laser. 
Hole diameter can be controlled over a limited range by varying the Input 
laser energy. 

** SW Williams, PJ Marsden, NC Roberts and MA Venables 
Excimer laser beam shaping and material processing using dif
fractive optics. Presented at GCL/HPL '96, Heriott Watt 
University, Edinburgh, August 1996. 
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face area of the workpiece. Combinations of simple refractive or 
reflective optical elements and more complex laser modes give 
far from unifo1m work piece illumination. The use of Axicon 
lenses or segmented or multifaceted reflective optics, rapid two 
axis scanning of a focused spot, and 'light pipe' waveguides to 
scramble the incident laser beam, have met with some success. An 

Figure 4. Profile of ring focus element with a diameter of 1 mm. The 
ring has a half width of about 50 µm. 
When processing CFC with Exe/mer lasers wall angles wl// develop, so 
the design of these elements has to be optimised with respect to focal 
length and aperture to ensure that the ring wl// penetrate. 

porous panels the Sowerby Research Centre team utilised a DOE 
lens best described as a closely packed aITay of diffractive micro
lenses, as shown in Figure 3. The microlenses, of a square and 
hexagonal shape to maximise the filling factor, tum the incident 
rectangular Excimer beam into multiple parallel focusing beams. 
For the larger 0.25 - 1 mm diameter holes in acoustic dampers, a 

INPUT OUTPUT 

Figure 5. Beam profile obtained using the micro/ens array as an 
homogenising element. The Input Is a masked, highly non-uniform 
Exe/mer beam, when Incident on a hexagonal Jens array produces a 
highly uniform Image which shows no sign of the masking. The central 
spike Is due to etching errors. 

trepanning technique is used, but unlike the conventional approach 
to trepanning, where a point focused beam moves around the 
circumference of the hole, the individuaI micro lenses used in this 
application each produced an annular focus, as shown in Figure 4, 
thus overcoming the need for movement and considerably speed
ing up the process. 

In addition to these specialised applications, DOE technology can 
be applied to Excimer laser applications in generaI, for the pro
duction of beam homogenisers. Beam homogenisers are key 
components in Excimer masking applications (see, for example, 
Erol Harvey's article Micromachining by Excimer Laser, Issue 1, 
pp12) as well as for surface treatment. The system is based on the 
same lens anay as used for hole drilling, but is combined with a 
conventional refractive focusing lens. This allows the homoge
nised beam to have a wide range of fluences and sizes for any 
pa1ticular lens aITay. 
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A New Approach to Transmissive Optics for Very 
High Power Industrial C02 Laser Beam Delivery 

Dirk Claeys 

Laser Power Europe 

Laser-grade zinc selenide (ZnSe) is today the dominant mate
rial for C02 laser optics. It is transmissive in the upper visible 
range, does not suffer from thermal runaway problems under 
normal conditions, and is cost-effective. 

As desirable as these properties are in making ZnSe the prefen-ed 
optical material for mid-IR high power optics, it is well known 
that at multi-kilowatt cw powers, uncooled ZnSe optics can dis
to1t due to heat generated both in the bulk material and in the 
anti-reflection coatings applied to the optic. As a consequence, 
optics fabricated from this material for higher laser powers must 
be increasingly thicker to provide large edge areas through which 
more heat can be dissipated. However, the finite them1al conduc
tivity of ZnSe (0.18 W.cm/K) fundamentally limits the heat flow 
rate and, therefore, the power levels at which this material can be 
used. Large thennal gradients in the optic create local distortion 
of the beam in the centre of the optic and also increase the 'hoop 
stress' at the edges, leading to microfracture propagation and ear
lier them1al stress failures in the optic. 

There comes a point, however, where unacceptable disto1tion due 
to the1mal effects cannot be overcome, and the transmissive 
optics approach to laser processing must be abandoned. At such 
laser powers, reflective optics such as copper and molybdenum 
mitrnrs (which can handle very high power fluences) are 
employed, and have dominated the high power beam delivery 
systems employed for most high power C02 lasers. 

Recently, however, Laser Power Europe has received patents for 
a new approach to transmissive optics design that overcomes the 
the1mal disto1tion issues of ZnSe optics at higher and higher 
power levels while at the same time avoiding the drawbacks of 
reflective optics. 

ZnSe Turbo-Cooled® Optical Assemblies can be used at much 
higher power levels than can normal single ZnSe optics, while 
still providing diffraction-litnited perfo1mance. Tests pe1fo1med 
with a Tmmpf TLF6000 6.2 kW laser using a 45 mm ape1ture 
Turbo-Cooled Focusing Assembly showed NO degradation of the 
focused spot at power levels from 1 kW cw to 6.2 kW cw. In fact, 
the initial spot size of 210 µm at 1 kW cw (using a 7.5" focal 
length and a 40 mm diameter beam) was actually reduced to about 
190 µmat 6.2 kW cw due to beam expansion at the higher power 
levels which better filled the ape1ture. 

Turbo-Cooled® Optical Assemblies have proven themselves on 
the production line in a number of itnportant industrial applica
tions, both as optical assemblies for the lasers themselves, and 
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WHAT IS TURBO-COOLED® OPTICAL TECHNOLOGY? 
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The normal mounting of a ZnSe optic. Heat generated in the 
optic moves from the centre to the edge of the well heat-sunk 
optic and into the optical mount, where the heat is dissipated. 
The flow of heat is in the RADIAL direction, creating both a sig
nificant radial thermal gradient and a rise in the temperature of 
the optic. As the power load from the laser increases, the tem
perature (and, consequently, the structural forces) near the cen
tre of the optic increase as well, finally resulting in significant 
stress to the optic as well as thermal distortions. Since material 
stress is one of the primary causes of optic failure, heating of the 
optic in this fashion contributes to shortened lifetimes, in addition 

lirtow 

to poor performance. 

1. Aet<liner ring 

2. L•n• con11>urring 

--1--- S. 0-<ing 

M-.....+-- 4. Lens 

5 . .air spacer 

6. \l\lndo w 

7. 0-<ing 

The Laser Power Optics' patented Turbo-Coote~ Optical 
Assembly. Using two optics in an 'air-spaced doublet' arrange
ment, a cooling gas (normally air, but also helium or nitrogen for 
special applications) is injected at high flow rates into the space 
between the optics. The result of this novel cooling approach is 
that the turbulent flow of the gas removes the heat in the optics 
AX/ALLY in a very efficient manner. Since the thermal path is 
considerably shorter in the axial direction, the radial thermal 
gradient is now greatly reduced, virtually eliminating hoop stress
es. The temperature of the optics is also much lower, significant
ly lowering internal 'lifetime-reducing' stresses. 
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I find Dirk Claey’s article very interesting indeed because it 
describes one of the more significant optical developments for 
CO2 laser users since the advent of the diamond machined parab-
ola. If you will pardon my decent into anecdotage for a while - I 
can remember Alan Kaye and I discussing, in the mid-70’s at 
Culham, the possibility of a double-glazed ZnSe window cooled 
by a circulating liquid filling. The only contending IR transparent 
liquid was highly inflammable CS2! The aerodynamic window 
emerged as victor.

The attractions of double glazing are obvious. Not only does the 
face-cooling geometry result in more efficient heat transfer with 
lower temperatures but the heat flow is in a more benign direc-
tion. Radial heat flow to the standard edge-cooled cooking lens 
can lead to some nasty 3rd and 5th order spherical aberrations. I 
would expect a significant reduction in these aberrations from the 
axial heat flow of the Turbo-Cooled element. Another advantage 
of the double-glazing arrangement is that the cooling gas can be 
virtually dust-free and won’t entrain dust-laden ambient air. 

I am fully prepared to believe the that there is a measurable reduc-
tion in focused spot size. It would be nice to have beam quality 
monitors readily available so that we could perform some com-
parisons between edge-cooling and singlet or doublet face-cool-
ing. However, the proof of the pudding will really be in the cut-
ting. Is it worth it? 

I should imagine that the cost of a Turbo-cooled optic with its gas 

handling system is quite significant. Will the improved cut quali-
ty, depth or speed be sufficient to justify that expense? Maybe the 
use of a Turbo-Cooled lens, with its sealed beam path and coaxial 
gas nozzle will result in a cheaper wrist assembly for a gantry 
system and give an overall saving. Time will tell! The test that I 
would personally like to see is the use of a Turbo-Cooled output 
coupler for a stable cavity 15kW laser. That should cut out car 
bodies at an interesting speed!

Brooke Ward  Europtics

_____________________________
Ten years ago 1kW of laser power was enough for most cutting 
job shops, while nowadays 2kW is the norm with 3kW not 
uncommon.  Some applications are coming into view that require 
even more power e.g. 6kW for thick plate cutting.  Welding, while 
not normally requiring such high quality focus, has always been 
power hungry and ran out transmissive optics some time ago.  

Until now  focussing at the higher powers has been the preroga-
tive of reflective optics though the need for an assist gas still 
requires a plain window and of course the laser still has to have 
an output window, both subject to thermal effects.  It will be inter-
esting to see if laser manufacturers take this technology on board 
but us ‘downstream’ optics users will find this most interesting 
given reasonable initial and operating costs.

J Peter Hancocks,  Quantum Laser Engineering

COMMENT
Turbo-Cooled® Optical Assemblies

TURBO-COOLED® FOCUSING LENS 
versus PARABOLIC FOCUSSING MIRROR

 T-C Lens Mirror

Power handling > 20kW > 20kW

Spot size diffraction limited diffraction limited

Angular beam alignment
sensitivity insensitive very sensitive

Sealed beam path? yes no

Removal/ replacement
time (typical value) 15 sec 10 min.

Durability >2000 Hr MTBF >2000 Hr MTBF

Initial costs $4k - $10k $2k - $15k

Rebuild cost 1/3 initial cost initial cost

Cooling air water

also as focusing and integrating assemblies at the work piece.

Because of their unique optical characteristics, Turbo-Cooled 
Assemblies can be interchanged and/or reconfigured to give dif-
ferent properties to the final beam shape at the work piece with 
relative ease. Using multiple assemblies, processing lines can be 
reconfigured easily and cheaply.

Also, maintenance can be performed on each Turbo-Cooled 
assembly off-line from the process itself, reducing down-time. 
Turbo-Cooled Focusing assemblies can also replace parabolic 
mirror focusing elements in virtually any application, providing 
the user with all the advantages inherent in transmissive optical 
designs, but at much higher power levels than previously availa-
ble.

For more information please contact:
Dirk Claeys
Laser Power Europe:  Gent, Belgium
Tel (32) (0)9 220 59 29.   Fax (32) (0)9 220 59 95.
Toll Free from UK: 0800 964 752
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QUESTION & ANSWER 

The price of replacement laser cavity optics 

AILU 'hot line' query 
'Why are laser cavity optics around twice tlte price when purchased from a laser supplier as opposed to an optics supplier?" 

There are clearly two sides to this issue. Below we present one response from each. 

Optics Supplier 

I am smprised that your reader can purchase laser cavity optics 
from a laser supplier at only twice the price of the same products 
purchased from an Optical Company. Four-times the price is 
much more common, and eight-to-ten times the price is not 
unheard of. 

The reason for these mark-up levels is 
simply this: by virtue of manufacturing 
a high-tech product, laser manufactur
ers can convince their customers that 
only their optical spares are of appro
priate quality. Sometimes additional 
persuasive power is brought to bear via 
wananty anangements. 

The reality is, of course, the opposite of 
the cun-ent market perception, in that 
the major laser optical companies have 
far more optical know-how, optical test 
equipment (and so on) than the laser 
manufacturers, and are better placed to 
determine actual component quality. 

The highest mark-ups on laser optical 
spares are observed in areas where the 
end users are naturally less informed 
about altemative primary sources. We 
have seen a 20-fold mark-up applied to 
cavity spares for one make of medical laser. 

My final comment is that there are real added costs to the laser 
manufacturers, and they are entitled to a profit. Twice-cost-price 
is probably not unreasonable for cavity spares, and if all laser 
manufacturers offered such sensible prices then the optical com
panies would not have such a healthy business in direct sales to 
laser users. 

David Greening, V &S Scientific 
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Laser Supplier 
Your reader's inquiry implies that the laser industry is adopting a 
policy of overcharging its customers. This is not the case, as bome 
out by any general analysis of the financial results of the laser 
industrial sector over any period of time. Indeed, a financial ana
lyst would probably conclude that a policy of undercharging has 

revailed. Industrial laser users make a significant front end 
investment when they purchase a laser 
system and there is often pressure on 
the laser supply industty to spread that 
initial cost. The laser supply industty 
must set its prices to be competitive 
within the laser source/system market 
and which also enable the industrial 
user to obtain a retum on the invest
ment from a laser processing business 
within a timescale acceptable to the 
sources of business finance. 

The laser manufacturer's pricing poli
cy must cover its own costs which 
includes the burden of high levels of 
research and development, much of 
which is in the design and test of opti
cal components. Some laser manufac
turers may decide to spread this cost 
over both its new equipment and spare 
pa1t sales. With regard to the pricing of 
optical spares, the laser supplier often 

provides a wammty well beyond the period of that provided by 
the optical component/coating manufacturer. In order to do this, 
components require inspection and testing to ensure that when a 
replacement pa1t is fitted then the laser will function con-ectly. 
Various levels of optical substrate quality are available and coat
ing 'recipes' with similar specification often differ significantly in 
their durability and optical perfo1mance; these factors may also 
differ from batch to batch, even from the same supplier - hence 
the need for testing. 

The laser supply industty also must hold sufficient stocks of 
spares to meet its customers' needs on immediate demand and this 
has to be financed. In conclusion, we do not believe that there is 
any general policy on the level of the mark up in the pricing of 
spare pa1ts. One thing is certain, however, if the optics supply 
industty cuts out the laser manufacturer from the spare part chain, 
then either laser equipment prices rise, to the disadvantage of 
laser users, or more laser suppliers go out of business, thus reduc
ing the choice available to laser users, again to their disadvantage. 

Gordon Freeman and Chris Williams, Howden Laser 
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Maintaining the shop floor - Part 2
In Issue 3 of The Industrial Laser User an abridged article* by Allan Parker of Lucas 
Industries plc explained how Total Productive Maintenance, involving everyone on the 
shop floor, can help improve the effectiveness of machine and manufacturing systems. 
In this final extract from the original article we look at how to implement TPM, the affects 
on other areas of a business, and how TPM affected the performance of machines at 
Lucas Heavy Duty Products.

Implementation

1. Pilot Cells

To implement Total Productive Maintenance (TPM) within a 
business it is best to begin with simple activities which will bring 
good returns and provide confidence to proceed. Initially a pilot 
cell or area should be chosen and improvements made by imple-
menting simple can-do activities, such as lubrication, bolt tighten-
ing, fitting covers, etc. 
Implementation steps are:

Step 1 -  identify key machines in the cell. 

In most cases key machines in a cell will be known, usually due 
to being a bottleneck. Other factors that may determine whether a 
machine is a key piece of plant are:
 •  utilisation •  reliability
 •  backup available •  value of products
 •  capability
To help determine which plant in the cell is the most crucial an 
assessment form should be used.

Step 2 -  identify problems and fit tags. 

Any situation that isn’t as it should be needs to be highlighted, 
even if it does not cause a significant or immediate affect on 
machine’s effectiveness.
Fit tags on the machine itself with each tag tied as close as prac-
ticable to the problem it relates to. The tag should only be 
removed when the fault or problem has been rectified. 
Tags are placed on the machine to give a highly visible indicator 
of the problems with the machine. Producing a chart showing the 
number of problems highlighted and the rate at which they were 
solved will also show how problems will decrease as they are 
solved properly and the equipment is looked after correctly.

Step 3 -  clean machines and area thoroughly.

As cleaning takes place questions need to be asked of the contam-
inants found:

what dirt, swarf and oil was found on the equipment?
where did the dirt swarf and oil come from?
can the deposition of dirt swarf and oil be prevented?
what tools or materials are needed to help with the cleaning of the 
plant and the continual upkeep of the plant?

As operators clean their equipment their understanding of how it 
functions will increase, which will help them identify problems.

Step 4 -  identify tools needed and arrange neatly. 

For each machine a set number of tasks will require a specific set 
of tools which should be supplied for that machine. It is probable 
that either insufficient tools will be present for the requirement or 
tools not used or incorrectly used will be available.
The first stage is to look at the machine and its operating area to 
see what tools, equipment or materials are present and what they 
are used for.
Not only are the correct tools required but an organised working 
environment needs to be established. When identifying an appro-
priate way of keeping the area neat it may be easier if other exam-
ples of neatness are sought and built upon.
All tools, equipment or materials that are needed for the job, or 
could help with the job need to be identified.

Step 5 -  gather information and calculate OME. 

To assess the benefits of TPM, a method of measuring improve-
ment needs to be put into place. A key measure of performance is 
the overall machine effectiveness (OME) which shows the 
improvements made and highlights the areas in which effort needs 
to be focused. 

OME = availability × performance × quality

availability =  operating time - down time
             operating time

performance =        no. of parts produced      
   parts expected to be produced

quality =   no. of parts produced - scrap
        no. of parts produced

A figure for availability can only be recorded by the operator of 
the equipment as only he can observe when any stoppage occurs, 
whether due to a required changeover or to an unexpected break-
down. Figures for performance and quality can be calculated from 
standard production reports.

Step 6 -  put chart up and plot OME. 

Very important to the success of TPM is the publication of 
improvements. For each machine whose OME is being measured 
the result is plotted by the machine for clear indication of the 
weekly status. Plots should be made on a weekly basis to show 
continued improvement of the machine’s effectiveness.

Step 7 -  draw up procedures. 
To keep the equipment up to the appropriate standard, general 
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upkeep needs to be put in place, with the aid of cleaning, lubricat-
ing, bolt tightening and inspection procedures.
These procedures need to be drawn up with all members of the 
cell so that all actions are clear and people understand why they 
are following the procedures. Procedures must specify the time 
for doing jobs and the persons who are responsible.
Step 8 -  agree who, and start doing it. 

For each action decided upon, persons responsible must be iden-
tified and actioned. Actions include data collection, OME chart 
upkeep and maintenance procedures.

Step 9 -  agree owners of  problems and actions to eliminate. 

For each of the tagged problems on the plant an owner needs to 
be identified, either the operator or a maintenance fitter.

Step 10 - notify works engineers and get jobs scheduled. 

Each action needs scheduling to the appropriate person and done.

2. Whole Site

Following on from the implementation of the pilot cell, other cells 
will need to be targeted if TPM is to become company wide. Not 
only will TPM affect the shop floor, it should also impact on other 
areas of a business:

Finance: with new practices, standard figures may change, lead-
ing to incorrect interpretation if the true reasons are not known; 
finance also needs input so that the appropriate and most cost 
effective maintenance techniques are employed;
Personnel: training and recruitment of suitably qualified persons 
to meet the requirements of TPM;
Planning: needs to be aware of any new procedures so it can take 
into account time used for general upkeep of the machinery;
Purchasing: in the long term as a result of TPM maintenance staff 
and operators should be directly involved in the specification and 
purchasing of new plant, so that the impact on production and 
how it is to be maintained is considered before purchase is made;
Sales: with the improvement of machine reliability, shorter lead 
times may be realised and stock levels reduced, leading to cost 
reductions in the products themselves.
The overall TPM programme should be planned in detail and will 
probably span two to three years.

3. Case Study: Lucas Heavy Duty Products

Lucas Heavy Duty Products, Acton, supplies a range of electrical 
systems to the commercial vehicle market. The company had 
already implemented an extensive programme of business and 
organisational change when it decided to invest in an ongoing 
support plan to enhance machine effectiveness in April 1992.
The organisational change programme, in conjunction with Lucas 
Engineering & systems, had already resulted in doubled sales per 
employee and a major boost to profitability. But with ageing plant 
and limited capital for replacement, Acton still needed a way of 
maximising output from its existing equipment. Although 
machines and people had been effectively regrouped around work 
flows and processes, productivity was being constrained by an 
unacceptable level of breakdown and excessive adjustment times.

The site began a five cell pilot TPM programme in May 1992. As 
with the initial change programme, support and commitment from 
everyone was vital - as was a properly structured training pro-
gramme. A tailored TPM awareness course was produced for 
executive and senior management, cell leaders, operators and 
works engineers.
The first cell was started off the following month. Each pro-
gramme ran for five weeks, with a new cell starting every seven 
or eight weeks.
Dirty conditions on the shop floor are a major cause of machine 
failure and deterioration, while 60% of breakdowns are typically 
caused by loose bolts and poor lubrication. Key machines were 
cleaned and inspected, loose and missing bolts were tightened or 
replaced, screw threads were re-cut, and everything given a thor-
ough spring clean. An ongoing maintenance and problem solving 
programme was then developed and implemented by the cell 
operators themselves.
Each cell at Acton has between 15 and 20 people and up to 30 
pieces of equipment. Each operator works on at least half the 
machines. Training is geared to their immediate area. An initial 
quick hit action plan was written to involve everyone, so that by 
the end of it each person has something completed or repaired.
Following successful completion of the pilot scheme in January 
1993, the Acton executive decided to implement TPM across the 
whole of the site.
45% of faults have been cured by the cell leader or operators, 
rather than maintenance staff, eliminating costly waiting time and 
significantly boosting employee morale. The company feels that 
it is definitely smarter and slicker in the way it does things. There 
has been an increase in good working practice - with good house-
keeping cleanliness and tidiness to the fore. This not only means 
safety and efficiency, but also creates additional time to make 
improvements. The direct input from employees is leading to 
constant suggestions for improvement - as in the case of one 
machine where there has been a 35% reduction in cycle time.

Table 1. Business benefits

Other benefits of improved working practice are reductions in 
machine set up and changeover times (Table 1). Problems with 
tooling, access and storage have all but vanished. Now that TPM 
has highlighted these bottlenecks where long set up times exist, 
they can be tackled as part of the next phase.

© IEE: 1995
Dr. Allan Parker is project director, product introduction manage-
ment, with Lucas Industries plc.

*  Published in full in Manufacturing Engineering magazine, 
December 1995. 

This summary was prepared by 
David Price, MLC.
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Research work within the Centre for Advanced Joining at 
Coventry University has been investigating the welding of 
sheet metal for several years. In 1993, the development of 
Plasma Arc augmented Laser Welding (PALW) had a signifi-
cant impact on this work. With this technique, a low-power 
plasma welding arc is rooted to the surface of the material at 
the point of impingement of a high-power laser beam. The 
result permits a significant increase in welding speed and 
allows greater tolerance to poor joint fit-up conditions for a 
wide range of weldable metals. Trials have demonstrated sev-
eral advantages when employing this technique, especially to 
improve the weldability of aluminium alloys and galvanised 
steels.

Plasma arc augmentation
The plasma transferred arc (PTA) process is often compared to 
Gas Tungsten Arc (GTA) welding, but has a number of character-

istics that are inherently different. By constricting the arc and 
forcing it to pass through a nozzle orifice, a highly columnar and 
directional arc results.

The basis of improved welding performance by the PALW tech-
nique is considered to be the result of a combination of factors:

• The plasma arc reduces the surface reflectivity of the material 
for enhancing coupling of the beam with the material, provid-
ing more effective use of heat.

 
• Rooting of the plasma arc to the beam impingement point 

during traverse produces more stable arc conditions and, 
therefore, better use of the supplementary heat.

 
• The additional energy provided by the plasma arc enhances 

the welding capability of the laser beam through increased 
welding speed and/or penetration.

IA Johnson
Coventry University

This paper is based on one of the same title by IA Johnson, J Biffin and MC Bacon that appeared in 
Industrial Laser Review, November 1995.

The plant maintenance system at Holset 
can be best described by ‘breaking down’ 
the total system into four categories:

1. Operator care
2. Planned preventative maintenance
3. Corrective maintenance
4. Emergency maintenance

Operator care
This is a weekly function carried out at the 
beginning of the week by the operators 
within each cell.  In some ways it is similar 
to TPM described in the article, so far as it 
is carried out by the operators to a proce-
dure, and every operation is logged so 
there is a history of defects found at each 
plant.  The difference is that the operators 
carry out the checking and cleaning opera-
tions and report any defects to mainte-
nance who are then responsible for the 
repairs.

PPM
These are scheduled maintenance activi-
ties carried out on key plant by mainte-
nance personnel.  The frequency varies 
depending upon the type of plant.  For 
example:

(a)  Servicing the swarf removal system 
for a Colchester lathe is done four times a 
year.
(b)  Cleaning the focusing mirror on the 
Trumpf laser welder is done once per 
month.

The frequencies for each plant/feature are 
determined largely through experience of 
maintenance staff, operators and engineers 
with input from the machine suppliers.

Corrective maintenance
When a defect/fault is diagnosed it is 

either repaired immediately or at a later 
date, depending upon the seriousness of 
the fault and the ability to closely monitor 
it.  The important thing is that no produc-
tion loss occurs  - No downtime.

Emergency maintenance
This is probably the same as anywhere 
else.
An unexpected breakdown!  ‘Call in the 
fire fighters!’

TPM, as described by Dr Allan Parker of 
Lucas, strongly agrees with the philosophy 
at Holset.  We believe in closely monitor-
ing efficiencies and graphically displaying 
various measures, one of which is machine 
downtime.

Azam Rafiq - Production engineer
Holset Engineering Co Ltd, Halifax

COMMENT
Maintenance system at Holset Engineering

Sheet Metal Joining using Plasma Arc- 
Augmented Laser Welding
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Plasma arc augmented laser welding 

Experimental data and findings 
Initial experimentation using a 400 W C02 laser-based PALW 

system indicated significant perfo1mance enhancements over the 
range of metals evaluated when compared with the laser alone. 
This laser, however, did not have sufficient power for many com
mercial welding applications. Additionally, the question was 

posed as to whether the technology was transferable to the shorter, 
Nd:YAG wavelength. Consequently, an evaluation has been car
ried out using a 2 kW Nd:YAG laser, in the PALW mode. The 
information below summarises the experimental findings to date: 

Speed increases - Due to the finite power of the 400 W C02 laser, 
investigations were limited to fully penetrating butt joints and 
bead-on-plate welds in sheetmetal thicknesses of from 0.5 to 1 
mm. A wide range of meta.ls were welded including mild steel, 

stainless steel, titanium, and galvanised steels. Plasma arc cunent 
of up to 60 amps were typically applied. Enhancements of more 
than 100% of those employed for conventional laser welding 
were achieved. These initial trials also indicated the significant 
potential for welding aluminium by this technique. Commercially 
pure 0.6 mm aluminium sheet, without smface oxide layers being 
removed, was welded at 500 mm/min using a plasma cmTent of 

15 amps. In contrast, the laser alone produced no melting, and the 
plasma arc achieved only partial melting of the top surface in an 

enatic manner. 

er (1.06µm) wavelength with significant benefits in pe1formance. 

Joint fit-up tolerances - Generally, PALW produces a slightly 
broader top and bottom fusion bead and conespondingly larger 
HAZ than would be typical of a laser weld. 

The benefits of this broader fusion width may prove most signif
icant in sheet metal joining. No1maUy, laser welding of butt joints 
requires good component fit-up and accurate alignment of the 
laser beam with the joint itself. Gaps greater than 5% to 10% of 

the materiaI thickness cannot be tolerated as the focused beam 
would pass directly through the joint. For sheet metal gauge thick
nesses this imposes an exacting and costly regime of edge prepa
ration to ensUl'e a resulting successful weld. It has been estab
lished that the PALW technique can tolerate joint gaps of 25% to 
30% of meta.I thicknesses and still achieve a good quality butt 

joint. This relaxation of operational tolerances increases the scope 
for the process in real industrial environments. 

Weld quality - PALW has been used to weld 5000 series alumini
um alloys in a thickness range of from 1 to 2 mm. Whilst some 
evidence of cracking was noted in the laser alone welds, no crack
ing was noticed in the PALW welds. 

Reduced spatter is a fuiiher feature of the PALW technique. This 
is most noticeable when welding galvanised steels and alumini
um. With aimninium in particular, a smooth and regular top bead 
is obta.ined. This contrasted noticeably with the conventional laser 
welds, which feature typical surface inegularities and pitting. 

Microhardness and formability - initial microhardness results for 
carbon steels indicate significantly lower hardness vaiues in the 
PALW weld zone than from sections of a comparable laser weld. 
This no doubt is a consequence of the slightly slower cooling rate. 
In terms of the ductility of the resulting joint, PALW-welded sheet 
metal should be more capable of undergoing bending, drawing, 
and other forming processes without failure. 

Conclusions 
In comparison with conventionaI laser welding PALW has 

demonstrated substantiaI enhancements in processing speeds over 
a wide range of meta.ls. While this is significant, of equal impor
tance in terms of sheetmetal welding is the reduced tolerance of 
joint fit-up. Recent trials have confirmed this for both butt and lap 
joints. Other materials-related features of the technique include a 

smooth and regular top bead, reduced tendency to cracking, and 
lower microhardness values across the weld itself. 

The design of an integrated plasma arc laser welding head is cur

rently being unde1taken to enhance the robustness of the process 
under industrial conditions. With some further development, the 
PALW technique can significantly contribute to the futm·e weld-
ing of sheetmetaI in a variety of applications. The increased per

The results obtained from trails using a 2 kW Nd:YAG laser formanceofthePALWtechniqueoverconventionallaserwelding 
demonstrated the PALW technique to be transferable to the sho1t- incurs only a small increase in the cost of laser equipment. 
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Hollywood? - Lasers are the new film makers 
Howard Snelling 
University of Hull 

GCL/HPL '96 Conference Heriot-Watt University August 1996 

Ve1y early on in the history of laser material processing it was 
suggested that the resultant vapour could be recondensed on a 
substrate to form thin films. One only needs to consult the exten
sive literature search of Beech and Boyd (Chapter 15, 
Photochemical processing of electronic materials, eds. IW Boyd 
and RB Jackman) to see that well over a hundred different ele
ments and compounds have been deposited by laser evaporation 
or laser ablation. This list continues to grow. Why then is this 
technique so popular within the scientific community but has not 
been widely taken up in industiy? 

Although the scientific papers on LAD may date back to the early 
seventies it has only been with the advent of the ceramic high 
temperature superconductors that research in earnest has been 
devoted to the technique. The inclusion of a laser into an indus
trial setting is often perceived as a leap into the unknown. 
However, perhaps this can be expected to change as the marking 
industry now has TEA C02 lasers mnning continuous shifts. One 
has to accept that LAD is cunently limited in the area over which 
it can be applied. This must be, and is being, addressed but can 
also be set against the possibilities for one chamber processing. 
One system may deposit, anneal and pattern a film. An example 
of an iron film deposited by a TEA C02 laser and patterned by an 
XeCl laser is shown in fi ure 1. ----

Figure 1. Iron film (about 100 nm thick) deposited onto borosilicate 
glass by a TEA C02 laser and patterned by an XeCI laser. 

This versatility is fiuther extended by recent studies with multiple 
targets to form layered systems. As well as the high temperature 
superconductors, laser deposited films are being studied for appli
cations that include stress sensors, magnetic read heads, storage 
media (optical and magnetic), microactuators, active waveguides 
and wear coatings. The exciting prospects of novel materiais cou
pled with finely conti·olled stmctures are not to be missed. This 
film industiy may not yet be generating blockbusters but, as they 
say, watch this space. 
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What is Laser Ablation Deposition? 
When the beam from a pu sed aser s focused nto the target surface. 
rap d mater a remova occurs. form ng a dense ayer just above the target 
known as the Knudsen ayer. In th s ayer many co sons occur. caus ng 
some mater a to recondense onto the target wh e the rest r ses from the 
surface as a p ume. Upon reach ng the substrate th s mater a w hope
fu y condense as a f m. A typ ca set-up s shown be ow. 

When pu sed aser rad at on s 
absorbed n a sha ow surface 
reg on of a mater a there s a very 
rap d temperature r se and an 
expos ve re ease of mater a . 
Because th s process s so rap d, 
vapour pressure contra ed evapo
rat on p ays on y a m nor ro e and 
the aser abated mater a tends to 
reta n the sto ch ometrv of the tar-
9fil, n contrast to therma evapo
rat on wh ch favours the compo
nent of the target mater a w th the h ghest vapour pressure. 

The exc mer aser fu I s many of the requ rements for the pu sed aser 
source .e. ower ref ect v ty for meta s and ceram cs. h gh absorpt on 
coeff cents and short pu se du rat ons. The d sadvantages of h gh surface 
ref ect v t es for meta depos t on by TEA C02 asers may be acceptab e n 
ba ance aga nst the ower cap ta and runn ng costs. 

The depos t on tends to be predom nant y ne of s ght' and I ms made at 
target/substrate separat ons of say 2.5 cm can on y be cons dered un form 
over d mens ons of the order 10 mm. Th s s a m tat on of the techn que 
and var ous proposa s have been put forward to overcome the prob em: 
scann ng the substrate, nove target rrad at on schemes. magnet c I eds, 
etc. In add ton. mechan ca ve oc ty I ters or adjustment of ab at on 
parameters s needed to prevent arge mass fragments w th n the p ume 
depos t ng on the I m as spats'. 

Vacuum requ rements are modest and background pressures of 0.1 mbar 
are often used. In fact, the opportun ty for gas phase react ons s ut sed 
n the depos ton of many of ceram c mater as to reta n (or ncrease) the 
eve of ox de n the resu tant I m. However. the rap d expans on of mate
r a w th n a gaseous env ronment can ead to shock heat ng (snow-pow 
effect) wh ch n turn may be de eter ous to the format on of the ox de 
phase. The above processes have been stud ed n some deta and for 
many mater as there now ex sts a rec pe of process parameters for suc
cessfu I m growth. 

The mater a I ux arr v ng at the substrate s pu sed (usua y ~ 10 Hz) as t 
lo ows the aser rrad at on of the target, wh ch resu ts n nstantaneous 
depos ton rates that are much h gher than n therma evaporat on or sput
ter ng techn ques. Ear y n the growth of the I m. sands of mater a form 
on the substrate. As the depos ton cont nues these sands grow and 
coa esce to form a homogeneous surface. Often. the substrate s heated 
ether e ectr ca y or by a cont nuous wave aser. The atter has the advan
tage of not ntroduc ng magnet c I eds and, because of ts non contact 
nature. eas y a ows rotat on of the substrate. Contra of the structure of 
the I m s ach eved by the cho ce of substrate, depos ton temperature 
and any post depos ton annea ng. 
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adequately process the broad range of materials (plastics, wood, 
ceramics, glass, etc.) now used in industry. CO2 lasers, operating 
at a longer wavelength (10.6µm), are better suited to these mate-
rials. Nowadays, with the development of all-metal tube technol-
ogy, CO2 lasers can be considered light bulbs - plug them in, 
switch them on, and away they go. Designed for industrial envi-
ronments, they are rugged, sealed units capable of more than 
20,000 hours continuous operation between simple gas refills.

Price is also a major factor in the success of the CO2 laser in 
industrial applications. With the price of a Nd:YAG laser alone 
starting at around £20k, laser marking via Nd:YAG laser tended 
to be a production technique primarily for high-end applications. 
By comparison, £2,200 for a rugged, all-metal-tube 10 Watt CO2 
laser makes it cost-effective enough for acceptability to a broad 
range of industrial applications. 

But that’s only half the story. To write with a laser, the focused 
laser beam must be moved at high speed and with precision,over 
the part surface. This involves an assortment of optical compo-
nents: galvo mirrors, flat-field lenses and beam expanders, togeth-
er with electronic control circuitry and software. As with many 
other areas of technology, economic pressures have driven the 
integration of these components into a single, compact housing - 
as in the development of Synrad’s new SH Series Marking Head. 
By minimising the number of components, the complexity and 
cost of a laser marking system is reduced.

CO2 lasers are ideal for marking (and cutting) plastics, coated 
parts, ceramics, wood, glass and paper to name just a few. Recent 
work has shown the CO2 laser’s capability for marking on metals, 
including stainless steel and aluminium. A laser mark is instant 
and permanent. Unlike inkjet printers, laser marking uses no 
messy (and, possibly, toxic) inks. The flexibility of software con-
trol means that every mark can be different.To build your own 
laser marking system, all you require is a CO2 (or Nd:YAG) laser, 
Marking Head, mounting platform, computer, D/A card, and soft-
ware. Laser marking technology is now at the stage where anyone 
can purchase a few simple components, assemble them and have 
a system operating on a production line in under two hours.

Once the hardware is set up, total control of the laser marking 
process is handled by the marking software. This can be as simple 
or sophisticated as your application requires. Our system includes 
a free printer emulator, EmuLase. This is a driver software that 
under Windows™ turns the marking system into simply another 
printer. Create your image, logo or text in commercial software 
packages such as AutoCAD or CorelDRAW!, hit the PRINT but-
ton and watch the laser duplicate your computer image onto 
whatever surface you choose.

However, many applications require more sophisticated process 
control, including serial numbers, sequential date/barcodes, com-
plex logos and multiple file handling. Software is also readily 
available to interface with other production line equipment, mate-
rials handling systems and conveyor belts. 

Case Study
Bekly Corp, a manufacturer of electronic chips, marks its prod-
ucts with a part number, a product description and, sometimes, a 
company logo. The company used ink-marking, but the marks 
were not of high enough quality or permanent enough, and mark-
ing each chip took several seconds, limiting production capacity.

In looking for a better solution the key requirements set by Bekly 
were: modular and easy to incorporate into the existing produc-
tion line, reliable, easy to operate and inexpensive.

The small size of the chips severely limited the writing area., and 
their top surfaces were painted white to protect them during 
heat-curing processes used in the manufacturing of computer 
boards.

Trials quickly determined that a low power (25W) CO2 laser 
would easily remove the white coating to expose the black chip 
below - leaving a high-contrast mark. With this laser and Synrad’s 
new SH Series laser Marking Head, all the necessary text and 
graphics could be produced in only 0.25 secs per chip. However,  
the high-quality mark had to be produced while the chips were 
moving at speeds up to 5 in/s. along the production line. 

The Laser Marking head steers the laser beam with two mirrors 
mounted on galvo motors, and marking on the fly required only 
that one of the deflecting mirrors sweep at the chip velocity.

Keith Cudebec of American LaserWare came up with a simple but 
elegant solution: ProTrak, for which a patent is pending. It 
requires the marking system software to know only the speed of 
the part when it enters the marking field. At Bekly, an optical 
encoder on the transport mechanism derives the speed and an 
optical sensor detects when the part enters the marking field. The 
software then determines the correct deflection speed.

For Bekly, this provided a complete laser marking system for 
under £20k. Capable of producing high quality marks on products 
moving at production-line speeds, the system consisted of only 
four major components and was as simple to install as a personal 
computer.

During initial trials, the system worked even better than expected. 
At one stage, the transport mechanism cut out and the parts 
stopped moving. The sensors detected this and the software cor-
rected for the change in speed: The parts were marked perfectly 
even as the conveyor belt slowed and stopped. 

To summarise, laser marking is now a mature technology, at home 
in factory environments and on production lines. Images pro-
duced by lasers are clear and permanent; the reliability and flexi-
bility of laser marking are major benefits when compared to older 
marking methods; systems are simple to install and easy to use. 
Finally, with prices from only £15k laser marking technology can 
now bring benefits to manufacturing operations of almost any 
size.

Laser Marking comes of age with CO2 Lasers
Dave Clarke (Synrad Inc) and Steve Knight (Laser Lines Ltd)
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COMMENTS
CO2 laser marking systems

For some 13 years or so, Willett 
International has enjoyed around a 20% 
compound sales growth in industrial ink 
jet printers and print and apply labellers, 
winning two Queen’s Awards for Export in 
the process. So why laser coding? We 
identified the strategic need to offer cus-
tomers in certain market segments a choice 
of printing technologies to meet their 
needs.  Our objective was to launch a laser 
coder product that performed at high speed 
(up to 2,500 dot matrix characters per sec-
ond), modular in design, allowing the 
customer to select a CO2 laser tube with 
the appropriate output power for their 
marking application and, of course, the 
laser system had to be competitively 
priced. Furthermore, dot matrix program-
mability was an essential feature in order 
to offer an alternative to mask laser sys-
tems.
Using RF excited CO2 lasers, an all solid 
state optical system (without moving scan-
ner parts) and user friendly ink jet control 
software means we can offer all of these 
features and benefits.  After all, a laser 
marker is an ink jet printer that uses light 
instead of ink.  Our approach to using sim-
ilar software and electronics control 
throughout our ink jet and laser product 
range increases our speed to market with 
new products and reduces training costs 
for existing ink jet customers.
Willett’s strategy is to offer a marking 
product range - lasers are only one part of 
the ‘total solutions jigsaw’.  Undoubtedly, 
laser markers will play a significant role in 
product identification; however, with sev-
eral hundred thousand low cost industrial 
ink jet printers installed throughout the 
world, laser marker manufacturers will 
have to fight hard in order to compete on 

laser equipment capital cost and to there-
fore increase laser market share. On a 
‘lighter note’, a potential laser customer 
recently argued with me on the consuma-
ble costs associated with laser markers as 
he was used to ink jet costs - he didn’t 
accept my argument for the need to bottle 
light photons!
Dennis Camilleri
Willett Systems Ltd

_______________

I would disagree with the premise that the 
CO2 marker is better suited to a wider 
range of materials than the YAG.  Rofin-
Sinar Laser manufacture both types (YAG 
& CO2) of galvo controlled laser markers.  
We do not make the CO2 TEA or the CO2 
raster or mask types of marker.  The vast 
majority of our markers are YAG.  I agree 
that the CO2 marker is cheaper, due to its 
lower cost source laser, but, in my opinion, 
the CO2  marker is not as versatile as the 
YAG.
I admit that certain materials, wood and 
leather, for example, are better marked by 
CO2.  However, metals, plastics, ceramics 
and even glass can be marked by YAG.  
[Glass marking by CO2 produced very fine 
microcracks in the surface of the glass, 
which can be a problem if the glass is 
stressed.  By using special coatings on, or 
additives in the glass, the YAG laser can 
produce a smooth mark on or in the glass.]  
Metals are much easier to mark at lower 
powers than the CO2 and plastics can be 
made to change colour, rather than burn or 
melt, as they do with the CO2 laser.

There is obviously a market for low cost 
laser markers, but there is also a market for 
industrially rugged laser markers too, 
where high reliability, minimum mainte-
nance and ease of use are stronger pur-
chasing factors than price alone.  It is 
analogous to the car market, people will 
continue to buy cars of widely different 
value, even though they use the same 
roads!  At the end of the day, you get what 
you pay for.
Tim Holt
Rofin Sinar Laser Ltd

I agree with Tim Holt’s opening paragraph 
that Nd:YAG lasers offer better perfor-
mance on metals and certain plastics. The 
CO2 laser is certainly not going to replace 
the Nd:YAG laser in certain applications.
I must take issue with Tim’s comment 
where he states that a customer ‘gets what 
they pay for’ and that by spending more 
money on a higher priced CO2 or Nd:YAG 
laser marker they are buying higher per-
formance and reliability. In fact, I believe 
that the opposite may be the case.
Over the past ten years, anyone wanting 
the benefits of laser marking had a high 
price to pay (usually over $50,000) - the 
market was therefore limited to only those 
customers with deep pockets. One of the 
reasons for the high systems price was 
(and is) the cost to the manufacturer of 
installation, warranty and service visits by 
their engineers.How is this a more reliable 
product and better value for money for a 
system which a customer can (and has) 
assembled in two hours?
At Synrad we see the CO2 laser market as 
analogous to the PC market. The original 

Laser marking is widely used in the electronics industry for pro-
ducing part numbers, batch codes, and product information on 
components such as computer chips, PCB boards, and connectors. 
It is also used to mark larger parts like plastic housings and 
cabling. Laser marking is chosen because it provides a permanent 
mark on a wide variety of materials. Indeed, laser marking is now 
used as a technique to defeat counterfeiters in the highly compet-
itive computer chip business. NEC recently announced that coun-
terfeit DRAMs had been discovered in the United States and 
Southeast Asia. The parts were illegally labelled with NEC’s 

name using ink instead of laser marking.

However, what comes to mind when you first think of laser mark-
ing? Expensive is probably your first thought, closely followed by 
complicated. 

That was possibly true ten, or even five, years ago. Laser marking 
systems have traditionally used Nd:YAG lasers. Operating at a 
near-infrared wavelength (1.06 µm), these lasers were ideal 
sources for writing on metals and some plastics, but they cannot 
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PC were large, expensive and required a 
team of PhD '.s to operate. However; as PC 
manufacturers developed more compact, 
cheaper and and reliable models, the mar
ket expanded rapidly. 

require very little technical knowledge to 
assemble and operate, our potential mar
ket is immediately much larger: 

sibi/ity of laser manufacturers and distrib
utors to remove these fears in order to 
increase the acceptance of laser technolo
gy and increase our markets. 

At Synrad, our philosophy is to develop 
laser products in a similar way. If our 
products are easy to use, reliable and and 

We find that customers often suffer from 
the 'three fear factor of lasers' - price, 
complexity and reliability. Jn fact it is often 
customers who have been exposed to lasers 
in the past that suffer most. It is the respon- David Clarke, Synrad. 

CW Nd:YAG vs C02 lasers in materials processing 
Tim Holt 

UK Sales Manager, Rofin Sinar Laser 

The C02 and Nd:YAG lasers between them dominate the indus
trial high power laser market. Traditionally the YAG has been 
mainly used for delicate welding jobs and drilling, the C02 for 
cutting and thick section welding. This situation is now changing 
with the advent of the high power CW Nd:YAG laser. This laser 
is starting to be used for cutting and welding of thicker materials, 
thus taking market share from the C02• Rofin Sinar is one of the 
few companies that manufacture both C02 and Nd:YAG lasers, 
and so are in an ideal position to present an impartial comparison 
between these two leading industrial technologies.The main 
advantages and disadvantages of the C02 laser compared to 
Nd:YAG are shown in the table below. 

C02 advantages 
• higher efficiency 
• lower capital cost 

C02 disadvanatages 
• cannot travel through a fibre 
• 3-D beam delivery 

is complicated 
• lower operating costs • inefficient interaction with 

certain materials 
• easy control of power • not solid state 
• eye-safe beam • laser is physically bigger 
• good beam mode • more expensive optics 

For standard 2D cutting and welding applications, the ability of 
the Nd:YAG beam to be transmitted down a fibre does not bring 
sufficient advantages compared with the lower cost of C02. 

However, for 3D applications the Nd:YAG's ability to be trans
mitted down a small diameter flexible qua1iz fibre has definite 
advantages, especially in conjunction with standard anthropomor
phic robots. Whereas delivering the beam from the C02 laser 
would require about 8 or 9 minors with all the problems that 
alignment of such an optics chain would mean in an industriaI 
environment, the Nd:YAG laser requires no minors, just a fibre 
and transmissive optics. Consequently, for 3D systems the totaI 
Nd:YAG system cost can be lower than the C02 system cost. 3D 
systems that use C02 lasers are mainly the gantty type, where the 
beam delive1y has been simplified to make the C02 solution via
ble. 
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Figure 1. Comparison of cutting performance in mild 
steel with oxygen assist gas 

Automotive applications 
Figure 1 shows typical oxygen assisted mild steel cutting perfor
mance of a 700 W fast axial flow C02 laser with conventional 
minor delive1y against that of a 300 W CW Nd:YAG laser with 
400 ~tm diameter fibre delivery. At less than half the output power 
of the C02 the Nd:YAG performance is ve1y similar. The 300 W 
CW Nd:YAG laser was designed to be able to cut car body steel 
(thickness 0.8 mm) at an economic speed, taking into account the 
accuracy of the robot to which it was designed to be fitted. The 
resulting speed of approximately 6 metres per minute is about the 
limit for today's robots when profiling small holes with the accu
racy required by automotive manufacturers.Pulsed Nd:YAG 
lasers have high peak power but relatively poor cutting and weld
ing speed when compared to C02• But the new CW Nd:YAG 
lasers, with their less expensive power supplies, lower replace
ment component costs and higher power output, 2.5 kW is now 
standard, can cut and weld on a par with C02 lasers. All these 
features mitigate against the pulsed Nd:YAG for standard materi
als processing. 

Figure 2 shows the mild steel welding speeds for a 2 kW CW 
Nd:YAG laser and a 3 kW cross flow C02 laser, showing that both 
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Figure 2. Comparison of cutting performance in mild steel 

have similar weld penetrations at similar speeds. As in the previ
ous example, the speed on a lap weld of two 0.8 mm thick sheets 
of car body steel using the 2 kW Nd:YAG, 6 metres per minute, 
matches the speed of the robot. Galvanised steel can also be lap 
welded with this laser. 

The automotive industry is a potentially ve1y large market for 
high power CW Nd:YAG lasers. The industiy is familiar and 
comfo1table with the idea of many robots performing welding 
operations, so to replace conventional spot welding robots by 
laser welding robots is not a giant step for the industiy. The laser 
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welded car body has the potential to be up to 30% stronger than a 
conventionally welded body. Lasers can weld areas inaccessible 
to other types of welding techniques, freeing the car designer 
from the consti·aints of out-dated production processes. 

New welding heads for Nd:YAG lasers have been developed, 
where the head ensures good fit-up by forcing the materials to be 
welded in to contact, while the laser nozzle traverses or trepans 
within the head. This produces a weld similar to a spot weld but 
without the inherent disadvantages of resistance welding. 
Figure 3 shows an example of a 2 kW CW Nd:YAG with three 
fibre delive1y systems. The Nd:YAG beam can be sent down a 
number of fibres either in sequence or simultaneously. The most 
obvious application of this technique is to replace all the spot 
welding robots at a particular welding station on a car body line 
by laser robots sharing a single Nd:YAG laser source. Cunently, 
several car manufacturers are looking at this fascinating project. 

What of the future for laser sources and materials processing? 
Well, CW Nd:YAG lasers will increase in power, giving even 
higher processing speeds. Eventually, high power commercial 
Nd:YAG lasers will be diode pumped, replacing the flash lamps. 
This will make them even more reliable and efficient. The C02 

laser will not be left behind either. These industi-ial workhorses 
are set for a big leap fo1ward with the advent of new high power 
diffusion cooled slab lasers. The perfo1mance of flexible hollow 
tube and all-minor delivery lines for robot controlled C02 laser 
beams is improving rapidly. It's going to be an exciting time! 

CW Nd:YAG vs C02 lasers 

Two relatively recent technical developments have significantly 
influenced 3-dimensional shapes and profiles that can be cut or 
welded by lasers. Considered in isolation these developments may 
not seem so dramatic: 

The availability of multi-kilowatt Nd:YAG lasers 
Flexible qua1tz fibres capable of transmitting high energy 
levels of 1.06 µm radiation; 

together, however, they combine to improve greatly the accepta
bility of lasers to the factory floor. 

Having been directly associated with the design and development 
of one of the first commercially available robot laser systems, it 
was with some interest that, 10 years on, I viewed the integration 
of a 2kWYAG laser with a multi-axis industrial robot in our weld
ing laborato1y at Coventiy University. It was lucky I had decided 
to delay my coffee break, otherwise I might have missed it! One 
end of the 10 meti·e fibre optic cable plugged into the laser, the 
other end connected directly to the welding nozzle on the sixth 
axis of the robot. A quick power check and ready to go. Ten years 
ago a similar operation with a high power C02 laser involved 
hours of careful miiTOr adjustment to align the beam through a 
multi-jointed beam delive1y system. 

The sign read KISS. Similar signs were prominently displayed at 
strategic positions around the design departinent of a leading sys
tems supplier to the US automotive industry. I asked my tour 
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guide and host, Mr Herb Rush, for an explanation of this seeming
ly fi-iendly display, to which he responded 'Keep it Simple 
Stupid'. A reflection of the requirements of the shop floor. 

Ian Johnson Coventry University 

The debate on the relative merits of the two technologies will mn 
and mn, but it is nice to see that, at least at present, job shops are 
safe to stay with C02 for sheet metal cutting. 

C02 five-axis machines are indeed gantiy types but beyond a 
certain size 'wavy aim' robots compatible with fibre optics give 
way to ganti-ies anyway. MiiTOr alignment is certainly a chore but 
active systems are becoming available and look set to to reduce 
this nuisance in the future. 

As stated, C02 lasers have the higher efficiency but is this enough 
to offset the 700W C02 vs. 300W Nd:YAG giving similar pe1for
mances in thin sheet cutting? It would be interesting to have an 
overall cost comparison of two equivalent systems over an 
extended period, including cost of replacement optics, fibres etc . 

J Peter Hancocks Quantum Laser Engineering Ltd 



The Laser Job Shop 

CASE STUDY: Using Radprofile for laser 
sheet metal machine tools 

Henry Merryweather 
Radan Computational Ltd 

Lasers feature increasingly on sheet metal machine tools that nies serve different markets. This is reflected in the power of their 
are being used where components are nested on the sheet laser machines and in maximum thickness of material cut. 
material. For sheet metal, the various manufacturing strate-
gies are to use: 

turret presses that typically have a number of punches 
available, some of which can rotate to increase the diversi
ty of profiles that can be cut 

KMF Precision Sheet Metal ofBurslem in Stoke-on-Trent has 72 
employees and has been established for 25 years. Its main cus
tomers are from the electronics and allied industries and therefore 
it mainly cuts sheet up to 3mm although sheet up to 10 mm is 
sometimes used. Its laser sheet cutting machine has a 1.5 kW laser 
and a 2.5 by 1.5 metre working area. KMF offer a one stop service 

other profiling methods: laser, water jet, flame and plasma including CNC bending, welding, painting and silk screening. 
cutting. 

Newfield Fabrication of Sandbach in Cheshire is 35 years old and 
There are also machine tools that offer both punching and employs 60 people. Most of its parts and fabrications are for 
laser cutting, offering a choice of method for the various parts heavy vehicles and the like and it cuts sheet and plate between one 
of the component. and 20mm thick. It also does punching, bending, manual and 

CNC profiling machine tools require programs, and the soft
ware to generate these programs can come from a numbe1· of 
different sources. These include: 

the machine builders and suppliers who offer solutions 
that work with their own machine tools only 

developers who offe1· solutions that can be applied to a 
wide range of, if not all, machine tools. 

One such develope1· is Radan Computational. Radan provide 
a range of CAD/CAM products and specialises in software for 
sheet metal products. Othe1· companies that compete in this 
market include PEPS and Jetcam. 

Laser profiling has become an essential process for manufacturers 
and sub-contractors who cut sheet and plate steel. 

Two successful sub-contractors whose use of Radan CADCAM 
illustrates the system's ability to smooth the diversification of a 
manufacturing operation are KMF Precision Sheet Metal and 
Newfield Fabrications. Both are established users of CNC punch
ing machines who have recently invested in laser profiling. 

They speak enthusiastically of the benefits which the laser pro
cess has brought to their businesses. For much of their work, laser 
cutting has made possible a faster response to customers' orders. 
The quality of work has also improved and there is a new freedom 
from the hard-tooling constraints of punching machines. 

While of comparable size, age and growth rate, the two compa-
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robotic welding, and painting. It has two laser machines of 2.5 
and 2.8 kW, with working areas of 3 by 1.5 metres. 

KMF, along with its machines and their programming system, has 
had to cope with major changes and dramatic growth in output 
recently. Twnover has increased by 50% in two years, and 
machines are cuffently running twenty four homs a day, including 
weekends. Customers are demanding faster response to enquiries 
and orders, whether for large or small batches or one offs. 

The speed and simplicity of profiling by laser has been ve1y help
ful in enabling KMF to respond quickly to small batch and one
off demands. But this has only been made possible by the speed 
with which their programming system produces and down-loads 
laser profiling programs and component nests to the machine. 

'With the Radan system, once a part is drawn (using Radraft) and 
programmed (using Radprofile),' says Paul Kinnersley, '/can go 

straight to the laser machine and cut it. No time is spent deciding 
what punching tools to use or which way a job should be punched. 
With the punching machine, it takes time to tool up. ' 

KMF has found that once customers receive one offs and small 
batches cut by laser they often request to have other pa1ts laser cut 
instead of punched. Profiling by laser gives better edge quality 
than punching and complex pa1ts can be cut by laser more cost 
effectively and with better ease. 

KMF's Radan system is linked by DNC through individual shop
floor te1minals to directories within the controllers of three 
machines; the laser machine plus two punching machines. 
Operators call down work according to a production schedule. 

Newfield Fabrications, which also operates round the clock, has 
had its Radan system for seven years, purchased at the same time 
as a combined plasma and punching machine. Newfield 
Fabrications has subsequently purchased two more laser profiling 
machine tools. 

All three machines are linked to the Radan system by DNC. 
Maitin Hancock estimates that a large propo1tion of the work the 
company does is programmed on the system and cut on one of 
these machines. 

The choice between laser and plasma cutting depends on factors 
such as thickness of material (the laser is faster than plasma up to 
3mm), numbers and shapes of holes, complexity and numbers of 
parts. Small quantities tend to be laser cut because Newfield finds 
it easier to cut pa1t of a sheet by laser than with plasma with indi
vidual parts cut completely in one cycle. 

Newfield finds its Radan system useful at the job quotation stage 
too. With the outlines of a customer's drawing on the system, it 
can determine not only the best sheet size but also profile lengths 
of individual pa1ts and kits. From these are detennined precise 
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laser profiling times needed to cost the job. 

Also stored on Newfield's Radan system are the thousands of 
control parameters, macros and basic settings for two of the 
machine tools it is linked to. If a serious machine breakdown 
occurs, such that these parameters ai·e lost locally, they can be fed 
back into the machine controller once it has been repaired. 

Newfield's Radan system is also used to produce customer draw
ings and for tooling design (with Radraft), as well as for program
ming (with Radpunch and Radprofile). Both Newfield and KMF 
are increasingly receiving drawings from customers on diskette in 
DXF or similar neutral fo1mats for loading directly into their 
Radan systems. 
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Laser Cutting Stainless Steels: the choice between 
Oxygen and Nitrogen as a Cutting Gas 

John Powell 
Laser Expertise Ltd 

There are now approximately one hundred laser cutting jobshops 
in the UK using between one and twenty lasers each. Most of 
these jobshops cany out work for a wide range of customers and 
cut materials in the following propo1tions: 
Mild Steel 70% 
Stainless Steel 
Other materiais 

20% 
10% 

It is clear therefore that stainless steel cutting is a major pait of the 
indust1y. 

Stainless steel can be cut by laser using either Nitrogen or Oxygen 
as the cutting gas. The cutting gas acts coaxially with the focused 
laser and removes the molten material from the cut zone . The 
differences between oxygen and nitrogen cutting can be covered 
under the following headings and their accompanying notes. 

Oxygen cutting is generally faster and therefore 
cheaper than nitrogen cutting 
oxygen reacts chemicaily with the molten metal in the cut zone. 
This reaction gives off heat which assists the laser and increases 
the cutting speed. At thin sections (1 mm), oxygen cutting is only 
30% faster than nitrogen cutting but at greater thicknesses oxygen 
cutting is more than twice as fast. 
Laser cutting is charged by the minute so an oxygen cut product 
will always be cheaper than its nitrogen cut equivalent. 

Oxygen cut edges are less corrosion resistant than 
nitrogen ones 
If you look carefully at the two different types of cut edge you 
will notice that the nitrogen cut one has a shiny metallic appeat._ 
ance and the oxygen produced one is a dull grey. The material on 
the nitrogen cut edge is the same as that in the bulk material i.e. 
stainless steel.The oxygen cut edge is rather more complex. 
The surface you can see is made up of a thin cmst of hard oxides 
of iron and chromium. Below this cmst is a thin layer (0.1 mm 
thick) of resolidified metal which is not the same as the underly
ing bulk stainless steel. this thin layer has had some of its chromi
um removed by the oxygen jet and is now no longer stainless (i.e. 
it can go rusty). 

The practical outcome of this is that if you leave an oxygen cut 
component out in the rain the cut edges will rust slightly. this 
msting process will only take place for a few days until the thin 
layer has msted away to reveal the underlying stainless steel 
which, of course, does not mst. (The msting process may be 
slowed down by the outer cmst of oxide which can protect the 
underlying thin layer) 
For most engineering purposes this edge rusting is ill'elevant as 
the components are not exposed to water. Even in cases where the 
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edges are exposed, the perfo1mance of the component is not 
affected by what is, after all, merely an edge discolouration. 
In the food industty however, such chemical reactions as edge 
msting and the presence of hai·d oxides on the cut edge mean that 
oxygen laser cutting is not appropriate and nitrogen will be pre
fe!l'ed. The same reservation may apply to exterior decorative 
stainless steel work 

The cut edge roughness of nitrogen and oxygen cut
ting is similar 
For nitrogen and oxygen cutting the main body of the cut edge is 
of a similar level of smoothness and flatness. The roughness in 
both cases is comparable to a milled finish. oxygen cut stainless 
steel generally has some adherent dross on the bottom of the cut 
edge which needs to be removed by grinding. Depending of pro
cess parameters this may or may not be the case for nitt·ogen 
cutting. 

Oxygen can be used to cut thicker sections than 
Nitrogen 
Because oxygen adds energy to the cutting process it allows the 
laser to cut thicker sections than is nitrogen is used. nitt·ogen cut
ting maxintum thickness are often less than half of those achiev
able with oxygen. 
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Measurement & Testing 

30 Fibre Optic Laser Doppler Velocimetry 
An abridged version of a paper of the same title by SW James, RA Lockey, D Egan, RP Tatum and 
RL Elder, presented at the 8th International Symposium on Applications of Laser Technologies to Fluid 
Mechanics, Lisbon, Portugal. July 1996. 
A summary of this work was presented by Ralph Tatum of Cranfield University at the A/LU workshop 
"Laser Applications in Industrial Measurement and Testing" at Photonex '96 on 17 October 1996. 

Full characterisation of the complex, time varying 3 dimen
sional flows encountered in engineering systems such as tm·
bomachinery has long been the goal of research in flow meas
urement instrumentation. Laser Doppler Velocimetry (LDV) 
is capable of producing high quality, high spatial resolution 
data from a wide range of flow systems. The demands for 
improved fuel efficiency, reduced emissions, and the require
ment for high quality data to allow validation of increasingly 
complex computational fluid dynamic codes is driving the 
development of new, simultaneous 3D LDV configurations. 

3D flow characterisation requires the presence of3 LDV channels 
in the flow. Ideally the channels directly measure the three 01ihog
onal velocity components. In general, however, the optical access 
to the flow is limited, such that the measurements have to be made 
with the 3 channels being inclined at an angle with respect to the 
Cartesian co-ordinate system, and uncertainties in the angular 
configuration of the channels results in large etTors in the calcu
lated velocity components. 

We repo1t the development of a single headed, fibre optic based, 
3D laser Doppler velocimeter. The probe uses two Doppler differ
ence channels to measme the transverse velocity components, and 
a reference beam channel to measure the on axis velocity compo
nent. 

Modem LDVs make use of the Doppler difference method, in 
which the frequency (Doppler) shift is independent of viewing 
direction and is dependent only upon the geometty of the illumi
nating beams. This allows large ape1tures to be used to collect 
scattered light, and alignment and beam ratio requirements to be 
relaxed. The 3D LDV schemes rely upon the use of three inclined 
Doppler difference channels, formed using 5 or 6 beams. In flow 
systems with limited optical access the orientation of the channels 
results in each measming only a small component of the on-axis 
velocity, with the result that the co-ordinate transfo1mation ampli
fies small geometrical unce1tainties, requiring stringent alignment 
procedures to obtain meaningful measurements of the on-axis 
component. For direct measurement of the three orthogonaI 
velocity components using a single headed probe a hybrid config
uration, employing Doppler difference channels to measure trans
verse velocity components and a reference beam channel to 
measure the on axis component has to be employed. This is the 
first report of the operation of such a simultaneous 3D LDV 
instrument. 

Wavelength Division Multiplexing (WDM) has been implement
ed using three semiconductor laser diodes, operating around 
800nm, at slightly differing wavelengths. 
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Cross section of the probe head. Light is delivered to the head by 
polarisation maintaining (pm) optical fibre, to ensure matching of 
polarisation states and optimum fringe visibility. The fibre ends are 
terminated with GRIN lens collimators, and the beams focused 
into the flow by the front lens. The outer portion of this lens colli
mates backscattered light, and the second lens launches this into 
the multi-mode fibre. The central portion of the bi-focal lens 
launches scattered light into the pm fibre mode fibre to act as the 
signal for the reference beam channel. 

The altemative, Time Division Multiplexing (TDM) is investigat
ed by sequentially pulsing the illumination for the three measure
ment channels. A pa1ticle passing through the measurement vol
ume scatters light from each fringe pattem. The collected light is 
monitored on a single detector, yielding a train of pulses in which 
the pulses from each channel are interleaved. The channels are 
then separated by taking every third pulse from the pulse train. 

Semiconductor laser diodes and optical fibres are versatile com
ponents for application in laser Doppler velocimetty instrnmenta
tion, allowing the consttuction of WDM and TDM based systems. 
The practical implementation of these two demultiplexing tech
niques produce configurations with differing optical and electron
ic complexities. WDM systems require the use of three sources 
and three detectors, with a Bragg Cell frequency shifter for each 
channel. The signal processing may be achieved using conven
tional, off the shelf units. The TDM system contains less complex 
optics, requiring a single source and detector and in principle 
requires only a single Bragg Cell to allow direction discrimination 
for all three channels. However, the technique requires a complex 
high bandwidth electt·onic system for pulsing the source, separat
ing the pulse train into the appropriate channels, and to perfo1m 
the FFT to determine the Doppler frequency. The choice of mul
tiplexing scheme will be determined by the requirements of the 
application, and by the levels of electronic and opticaI complexity 
that may be tolerated. 
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The Status of Industrial Laser Safety & Performance Standards

This summary of the current situation which has been taken from a Status Report on Laser Safety and Performance 
Standards produced by David Price of MLC in June 1996 .
Laser safety standards were under examination by IEC again in October when members of Technical Committee TC76 
from around the world gathered in London for their annual meeting.  A summary of news on proposed changes and new 
standards can be found in the following news item.  If you would like further information about AILU’s work in this impor-
tant area, please contact Mike Green.

Notes:

1. Recommended versions of standards for UK use are under-
lined.

2. The list is, by the very nature of standards development, 
incomplete and subject to amendment. Check with BSI (0181 
996 9000) for the latest information.

LASER RADIATION SAFETY

British: BS EN 60825-1: 1994: Safety of laser products, Part 
1: Equipment classification, requirements and users 
guide.

   - Now includes CENELEC Amendment 1, 1996 
(editorial changes).

   - Proposed amendment for the modification of the 
measurement requirements for LEDs and widely 
diverging sources now being voted upon by 
national committees at IEC level

      Identical European: EN 60825-1: 1994
      Identical international: IEC 825-1: 1993

   BS EN 60825-2, 1995: Safety of laser products - Part 
2: Safety of optical fibre communication systems

      Identical European: EN 60825-2: 1994
      Identical international: IEC 825-2: 1993

   BS EN 207, 1993: Personal eye-protection: Filters 
and eye-protectors against laser radiation (laser safety 
eye-protectors)

   - Covers the 180-1000nm wavelength range
   - Revisions now under consideration

      Identical European: EN 207: 1993

   BS EN 208, 1993: Personal eye-protection: Filters 
and eye-protectors against laser radiation (laser 
adjustment eye-protectors)

   - Covers the 400-700nm wavelength range
   - Revisions now under consideration.

      Identical European: EN 208: 1993
 
 

GENERAL LASER STANDARDS

ISO 1XXXX  series standards are sometimes renumbered 3XXXX 
under CEN and EN references

   BS ISO 9022, 1994: Optics and optical instruments - 
Environmental test methods- Published in 20 parts

      Identical European: None
      Identical international: ISO 9022: 1994

   BS ISO 9039, 1994:  Optics and optical instruments - 
Quality evaluation of optical systems - Determination 
of distortion

      Identical European: None
      Identical international: ISO 9039: 1994 

   BS ISO 9211, 1994: Optics and optical instruments - 
Optical coatings

   - Published in 4 parts

      Identical European: None
      Identical international: ISO 9211: 1994

   BS ISO 9335, 1995: Optics and optical instruments - 
Optical transfer function - Principles and procedures 
of measurement

      Identical European: None
      Identical international: ISO 9335: 1995

   BS ISO 9336, 1994: Optics and optical instruments - 
Optical transfer function

   - Published in 3 parts

      Identical European: None
      Identical international: ISO 9336: 1994

   BS ISO 9358, 1994: Optics and optical instruments - 
Veiling glare of image forming systems - Definitions 
and methods of measurement

      Identical European: None
      Identical international: ISO 9358: 1994 

   BS ISO 10109, 1994: Optics and optical instruments 
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- Environmental  requirements- Published in 8 
parts

      Identical European:None
      Identical international: ISO 10109: 1994

   BS ISO 10110, 1996: Optics and optical instruments - 
Preparation of drawings  for optical elements and sys-
tems- Published in 10 parts

      Identical European: None
      Identical international: ISO 10110: 1996

   BS EN ISO 11145, 1996: Optics and optical instru-
ments - Lasers and laser related equipment - 
Vocabulary and symbols

      Identical European: EN 11145: 1994
      Identical international: ISO 11145: 1994
   BS EN 31252, 1996:  Lasers and laser-related equip-

ment - Laser device - Minimum requirements for doc-

umentation

      Identical European: EN 31252: 1994
      Identical international: ISO 11252: 1993

   BS EN 31253, 1996:  Lasers and laser-related equip-
ment - Laser device - Mechanical Interfaces

      Identical European: EN 31253: 1994
      Identical international: ISO 11253: 1993

   BS EN 61040, 1993:  Power and energy measuring 
detectors, instruments and equipment for laser radia-
tion

      Identical European: EN 61040: 1994
      Identical international: IEC 1040: 1990

News from IEC/TC76
October 7 to 11, 1996 saw the U.K. delegation hosting the Annual 
meeting of Technical Committee IEC/TC76, being held this year 
at the BSI Offices in Chiswick in London. Some 60 Delegates 
arrived from 15 countries from as far away as Japan and Australia. 
The IEC/TC76 Technical Committee considers International 
standards that are applicable to Laser Equipment. Aspects are 
considered by eleven Working Groups covering topics which 
include radiation safety, laser radiation measurements, medical 
laser equipment, fibre optic communications equipment, high 
power laser, non-coherent light sources, safety of diode emitters 
together with maintenance of existing standards. 

Of particular interest to the industrial laser community, a pro-
posed standard for Laser Guards will be issued as a Final Draft 
International Standard (FDIS) IEC825-4. This standard deals with 
the protection against laser radiation and gives general guidance 
on the design of protective housings (or enclosures) for high 
power lasers. The standard applies to all components parts of a 
Guard including clear (visibly transmitting) screens and viewing 
ports, panels, laser curtains and walls. The standard indicates how 
to assess and specify the protective properties of a laser guard and 
how to select a laser guard. 

It was reported that standard ISO11553.2, which lays down stand-
ards for Laser Processing Machines, is in its final stage of voting 
and the accompanying CEN document is also out for voting. The 
standard deals with the design, manufacture and use of laser pro-
cessing equipment applying the principles of risk assessment 
allowing manufacturers to exercise appropriate self-examination. 
This standard will form part of the standards supporting the 
Machinery Safety Directive (89/392/EEC) in Europe. To supple-
ment this standard it was agreed to develop a document contain-
ing additional information and detailed examples for design and 
testing guidance.

Other discussions showed considerable work being conducted to 
address the widening introduction and application of Light 

Emitting Diodes (LEDs)  especially in the field of classification. 
Having developed and issued IEC601-2-22 on the Safety of 
Medical Laser Equipment, work is now being directed at develop-
ing associated guidance documents directed towards therapeutic 
or diagnostic procedures. A number of proposals for the revision 
of IEC825-2 on the safe use of Optical Fibre Communication 
Systems were considered and a FDIS scheduled for release in 
early 1997.

Mike Barrett
Lumonics

Guidelines on the design and 
implementation of laser guards
The IEC/TC76 working group dealing with high power laser safe-
ty has began work on a general guideline on the design and imple-
mentation of laser guards. The scope covers both permanent and 
temporary screens and guards, and will include advice for job 
shop users  on the screening of CO2 laser cutting tables. A risk 
assessment approach will be adopted and will include a list of 
points to consider.

Members already registered for the AILU stardards group will 
automatically receive further details and will have the opportunity 
to make an input to the UK proposals. Anyone not a member of 
this group who would like to join or to contribute to this important 
activity is asked to contact Mike Green at the AILU office.
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QUESTION & ANSWER 

The Role of Measurement in Industrial Laser Safety 

AILU 'hot line' query 
'I am a Laser Safety Officer in a company which is using high 
power lasers for metal cutting and low power lasers for align
ment and measurement. The standard BS EN60825-1 talks 
about MPE. Do I need to use a laser radiation detector for my 
safety work?" 

Steve Walker, Specialist Inspector in ionising & non-ionising 
radiation with the Health and Safety Executive, replies: 
In occupationaI health and safety the name of the game is risk 
assessment. Employers who use laser products and manufacturers 
both have obligations under UK legisla-
tion to assess the safety of the laser 
equipment they make, design, supply or 
use so that the safety of workers and 
other persons who may be at risk is 
assured. 

In the case of lasers, risk assessment 
requires such data as the level of radia
tion and fume emissions in normal oper
ation, and info1mation about the frequen
cy and nature of fault conditions and 
emission levels in such circumstances. 
For assessments of incompletely 
enclosed laser radiation the duration of 
exposure must first be estimated and the 
appropriate Maximum Permissible 
Exposure (MPE) calculated using the 
tables published in the laser safety stand
ard BS EN 60825-1. 

Assessments of the radiation hazard can be done by measurement 
or calculation. One attraction of calculation is that one can assume 
worst-case conditions, such as highest reflectivity and maximum 
laser output. Such conditions are often difficult to simulate for the 
pmpose of measurements. 

Editorial Comment: 
The main purpose of the hazard classification scheme is to relieve 
the need for measurements and MPE calculations on the part of 
the laser user. In particular; for indoor workplace use of Class 1, 
2 and 3A lasers there is generally no need to consider either 
measurements or calculations, but simply to inform and, in the 
case of 3A lasers, to impose a degree of administrative control. 

In the absence of complete laser radiation enclosure, situations 
can arise where the boundaries of a radiation hazard zone need 
to be detennined as the first step to providing additional protec
tion. Why should this not be done by measurement? The answer, 
based on my own experience, is that measurements can give high
ly misleading results except in the most straightfon·vard static 
situations involving visible laser radiation. 

To take the particularly difficult case of an incompletely enclosed 
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BS EN 60825-1 gives examples of calculations and specifies a 
general procedure for unde1taking laser radiation safety measure
ments. In recent years measurement have been simplified, by the 
availability of several commercial microprocessor controlled 
instmments that are able to 'measure' an emission and in some 
cases compare it with MPE data stored in memo1y, even when the 
emission being measured is pulsed or scanned at high frequency. 

However, just as owning a musical instmment does not mean that 
one can make music, owning a laser emission measurement 
instmment does not mean that an assessment made with it will be 
accurate: one needs sheet music and operating instmctions, 

respectively, and of course a lot of prac
tice! Indeed, if photometric instmments 
are used to assess emissions that are 
potentially hazardous, the system of work 
used in carrying out the measurements is 
impo1tant too. There is little point in 
using an instmment to determine that a 
laser emission is unsafe to view if the 
person making the measurement uses his 
own eyes to line up the detector in the 
laser beam and suffers an injury as a 
result! This is an obvious point but some 
recent adve1tising literature for such a 
measurement instmment shows an opera
tor doing just this. 

To summarise, laser radiation measure
ments are potentially hazardous opera
tions. Fmthermore, they are only as good 
as: 

• the competence of those who make the measurements. 
• the quality of the instmment and the manufacturer 's documenta
tion. 
• the degree to which the measurement conditions can be docu
mented and to which what is measured represents the maximum 
level of accessible radiation. 

laserprocessingfacility, the distribution of accessible radiation is 
in general complex and dynamic, dominated by multiple second
ary reflections off surfaces on the move. Since laser powers are 
high and the (excimer, Nd:YAG or C02 laser) radiation is invisi
ble, measurements during laser materials processing can be par
ticularly difficult and hazardous and it is just not practical to 
attempt to characterise such a distribution by measurement. My 
solution to estimating the dimensions of the boundary to the haz
ard zone is to make some simplifying but conservative assump
tions and do the calculation. Reiterating Steve Walkers comments 
above, readers who feel they could do better by measurement 
should bear in mind that it is not the distribution of irradiance 
under nonnal optimised running conditions that is of principal 
interest in a safety context, but the extent of the hazard under the 
worst 'reasonably foreseeable' conditions, as determined by a risk 
assessment. 
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CW C02 laser damage of optical components 
Some highlights of the intermediate results of an ongoing CRAFT project about laser induced damage in optical 
components involving the following organisations and principal partners: R Holm, K Puttick, University of Surrey 
(UK); D Ristau, U Natzschaka, LZH (Germany); G Kiriakidis, N Garawal, FORTH (Greece); E Judd, D Holland, Davin 
Optical (UK); D Greening, V&S Scientific (UK); M Wilkinson, Laser Beam Products (UK); MG Pamies, Laser Quanta 
(Italy); C Sanviti, I Cantoni, Tecnogamma (Italy); B Etcheparre, Adron Sources (France). 

Introduction 
There is extensive literature concerning laser induced damage 
thresholds (LIDT) in pulsed iiTadiation but little for CW lasers, 
including those which are now widely used in industrial process
es. The project was aimed at determining the LIDT of coated and 
uncoated components, investigating the nature and cause of ther
mal effects, including damage, and recommending procedures for 
raising the LIDT of products manufactured by the industrial part
ners. Results reported to date describe research on optical absorp
tion and laser damage thresholds in CW iiradiation by C02 laser 
sources, with particular reference to ZnSe transmissive and cop
per reflective components. 

Surface absorption 
V &S Scientific has made accurate measurements of surface and 
bulk absorption of ZnSe. Results are shown in Figure 1 below. 
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Figure 1. Increase In absorption with thickness for Zinc Se/enlde. Surface 
absorption Is typically 1.6 x10 4 mm 1, which can cause significant thermal 
effects. The bulk absorption Is 1.39 x1G-4 mm 1, which Is considerably 
higher than claimed by manufacturers. 

Spectroscopic ellipsometry 
Spectroscopic ellipsometry spectra were recorded for two pol
ished CVD ZnSe windows, and compared with a reference spec
trum obtained from cleaved single crystals. The observations 
suggest that the immediate sub-surface layer in polished speci
mens consists of amorphous material, which may extend in poor
ly prepared specimens to a depth of 0.1 µm. Residual imperfec
tion in the form of an aITay of dislocations may also be present. 
The results indicate that spectroscopic ellipsometry is a potential
ly powerful non-destmctive technique for the detection of subsur
face damage due to polishing. 

29 

Analytical and Finite Element simulation 
The University of SurTey has numerically simulated the laser 
heating ZnSe and Copper. The above parameters for absorption 
were taken. Two models were used; one a simple analytical solu
tion (Carslaw and Jeager 1959) for a semi- infinite specimen, the 
second a finite element model of specimens of the size used in the 
experimental work, using the software package ANSYS. The 
results are shown in figures 2 and 3. 
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Figure 2. Temperature as a function of time in a ZnSe window 25 mm 
in diameter and 3 mm thick, irradiated over a circular area of 276 µm 
diameter by 10.6 µm wavelength CW laser radiation. There are three 
sites: the centre of the surface spot, the centre of the (bulk} window, and 
the edge of the specimen. The finite element analysis Is for the first of 
these only, and as expected It follows closely the finite element solution 
during the Initial stage of surface heating, up to about 10-S s. According to 
the analytical model the surface temperature reaches a plateau after about 
0.01 s, but the FE simulation shows a further Increase associated with the 
finite specimen size. An ultimate steady state Is reached after about 100 s. 
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Figure 2. Relationship between ZnSe temperature at various stages 
of the heating and the ratio of total power P to spot diameter d. This 
Indicates that for transmissive components, as for mirrors, the temperature 
Is not determined by power per unit area as Is usually assumed. 
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Laser damage measurements 
Laser damage tests have been ca.tried out by V &S Scientific on 
plane windows and miiTors to test the proposed relation between 
temperature rise and Pld. Two series of experiments were under
taken: the first with a spot diameter of 276 µm, and the second 
with a diameter of 57 µm. It was found that damage in CW radi
ation on uncoated specimens invariably occurs catastrophically 
within one second, con-esponding to the initial rise predicted by 
the modelling. This means that the protocol for LIDT testing in 
pulsed laser operation is invaiid for CW, since low level damage 
does not occur and specimens, once damaged, cannot usually be 
tested again. 

The specimens used in these preliminary damage tests were 

1. ZnSe windows, polished but uncoated 

2. Cu miirnrs. These were plated with a thin layer of nickel, with 
one exception. Four were coated with gold. 

Discussion 

It has long been recognised that in reflecting components the rise 
in temperature is propo1tional to power per unit length of the 
iiradiated spot rather than power per unit area. The modelling 
indicates that the same scaling law applies to all components in 
which absoiption is dominated by the swface contribution. The 

preliminary laser damage threshold experiments ai·e consistent 
with this prediction. This conclusion has impo11ant implications 
for testing procedures and for the prediction of component perfor
mance: transtnissive components such as lenses may damage at 
lower power levels than expected on the basis of conventional 
power density. The results also show that the surface abso1ption is 
associated with the layer of sub-smface damage due to grinding 
and polishing. In ZnSe this damage is believed to consist of a high 
density of dislocations together with with a superficial layer of 
amo1phous material. Component quality is therefore dependent 
upon minimising the depth of sub-smface damage rather than 
reducing surface roughness. A convenient non-destructive meth
od of depth profiling is afforded by ellipsometry. 

Since last November we have confirmed the linear P-d scaling 
law for the coated optics mainly used in C02 laser systems, 
and have also shown that there are three time domains: the 
pulsed regime in which the usual parabolic scaling law holds, 
the CW regime in which the linear law is valid, and an inter
mediate period covel'ing the ' long pulse' mode of operation in 
which P scales as d• where n<2. This depends on beam diam
eter. It therefore appears to us that the present recommenda
tions of the ISO contained in DIS/11254 are seriously flawed 
in respect of CW radiation. Furthe1· research is urgently need
ed to explore the scaling relations appropriate to othe1· situa
tions e.g. where the beam diamete1· is a significant fraction of 
the optical component size, and of course for other wave
lengths, especially 1.06 µm. 

Small firms seize no-cost reviews and low-cost trials 

Product and Process Reviews (PPR's) help companies identify 
and prioritise ai·eas where modifications to thefr manufacturing 
operations will bring significant improvements to their business 
performance. Recent changes to the operation of Joining Forces 
mean that PPR's are now free of charge, putting many more small 
firms in a position to benefit from this independent, expert analy
sis of their manufacturing practices. 

A wide variety of companies have undergone PPR's, and products 
reviewed have been equally diverse: including acoustic enclo
sures, aircrew seats, brake hoses, brewery pumps, catheters, cut
ting blades, diving suits, hydraulic jacks, pressure vessels, radia
tors, refrigerated displays, tmck bodies, wheelchairs and winches! 
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PPr's are can-ied out by experienced, suitably quaiified TWI engi
neers who spend a day at a company looking at its use of materi
als joining. Staff at all levels are interviewed and the TWI engi
neer spends a long time on the shop floor. A brief report then 
follows which makes recommendations for change which will 
enhance business pe1formance. Reviews can cover any aspect of 
joining technology and related issues, including materials engi
neering, product design, manufacturing systems and training. 

A Feasibility Study may be the recommended next step after com
pleting a PPR. A Study can include trials and development work 
to provide the facts to support the Review's recommendations. 
Feasibility Studies are not free, but are heavily subsidised by 
Joining Forces. Most studies are can1ed out at TWI. The outcome 
of a Feasibility Study is a further brief report which gives hard 
evidence of the potential benefits of implementing the Review. 

As Joining Forces moves into its third year of operation, PPR's 
are set to remain the mainstay of the programme. Feasibility 
Studies will continue to provide decision- support info1mation, 
and the regional workshops, together with the newly established 
network of technology demonstrators, will push on with raising 
awareness of best practice within the small-fitm community. 

Further information from the Joining Forces help desk at 
TWI on 01223 893879, or e-mail: joining_forces@twi.co.uk 
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Laminate Solutions to Tooling for Rapid Prototyping (LASTFORM) 

Tony Hoult 
Warwick University 

Work has been underway since early 1996 on this project for 
the UK aerospace industry. A consortium consisting of indus
trial and academic collaborators has been put togethe1· under 
the leadership of British Aerospace Military Aircraft Division 
(MAD) to investigate the production of direct metal tooling 
using laminating techniques. Liverpool, Leeds and Warwick 
universities will be investigating different approaches to the 
problem, but interestingly enough, in common with many 
current indirect Rapid Prototyping techniques, all three 
approaches directly employ high power lasers. 

BAe (MAD), who initiated the project, have a long tenn strategic 
interest in low cost, low lead time tooling for the aerospace indus
tty. Their industt1al partners are Rolls Royce, Rover, B11tish 
Aerospace (Airbus), Delcam and Quantum Laser Engineering. 
Funding has been provided by the Engineering and PhysicaI 
Sciences Research Council via the Aerospace sector of the 
Innovative Manufacturing Initiative (IMI) programme. The IMI 
programme is promoting applied research into key areas of man
ufactut'ing industry to improve competitiveness. IMI Aerospace 
programme manager Mick Brown was ve1y keen to include a well 
balanced group of collaborators, and this seems to have been 
achieved with an interesting combination of a software company, 
a laser systems builder and a number of end users. The pro
gramme will last three years and will examine candidate layer 
manufacturing techniques for the production of tooling, with the 
long term aim of reducing costs and timescales associated with 
cutTent tooling. 

All three techniques will be initially developed on small sample 
tools and will eventually be scaled up to larger sizes. This inevi
tably involves careful selection and evaluation of the candidate 
techniques. The technique cutTently being investigated at the 
Industt'ial Laser Facility at Wa1wick University is perhaps the 
most stt<1ightforward. It is based largely on 2-D laser cutting and 
the vat'ious options for bonding the laminations into dimensional
ly accurate 3-D tools. Although simple in concept, those familiar 
with laser cutting will soon realise the technical difficulties inher
ent in this approach. How is the Z dimension accurately con
tt·olled? How are the respective sections of the complex laser cut 
lamination maintained in their cotTect location throughout the 
bonding process? How is the inevitable "stepped swface finish" 
dealt with? It is this type of question that has been grappled with 
for some time both in the UK and in particular in the USA and 
Japan, although it does not appear as yet that these problems have 
been completely solved. Innovative solutions are called for! 

At Professors Steen's laser group at Liveipool University a differ
ent innovative approach is being taken. Laser based joining and 
finishing techniques are being investigated along with the incor
poration of multi axis beam manipulation techniques. The work 
is highly complementa1y to other cmTent programmes at 
Live1pool, leading to a raft of interesting laser based applications. 
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Stacked laser cut laminates 

The approach of Leeds University builds on their cutTent exper
tise in the area of powder metallmgy and laser sintering of pow
ders. 

As seen in Matthew Mwphy's review of rapid prototyping (Issue 
4, pp 15), there are already a number of techniques cutTently 
available, and all of these are capable of producing complex but 
still relatively small 3-D objects. All these techniques still require 
va11ous inte11m stages before metallic objects can be produced. 
Also there are still serious problems associated with scaling these 
techniques up in size. The long term goal of building a wide range 
of functional metallic 3-D objects directly from CAD data is 
therefore still some way off. However, all three of the approaches 
mentioned here have significant novel aspects and it would be 
interesting to peer into a c1ystal ball to see which of these 
approaches proves to have the best prospect of achieving the goal 
of producing industt'ial scale direct metal tooling! 

For further information please contact Steve Throop at BAe 
(MAD) on 01772 852777, fax no. 01772 855256 
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Forthcoming Events 
International Laser Safety 

Conference ILSC'97 
(AILU sponsored event) 
Orlando, Florida, USA 

17-20 March 1997 
For further details contact the 

AILU office or 
the Laser Institute of America 

Fax: + 1 407 380 5588 

Tunable Optical Filters and 
their Applications 
London, Institute of Physics 
6 November 
For further information contact: 
Peter Foote, British Aerospace 
Tel: 0117 936 3532 Fax: 0117 936 3733 

Development and Application 
of Solid State Lasers 
London, (Institute of Physics, 
organized by Sira) 
12 November 
For further information contact: Delia 
Aisethorpe Tel: 0181 467 2636 

Introduction to Single Point 
Diamond Machining 
Sira Training Course, Bromley Court 
Hotel, Bromley, Kent 
18 - 20 November 
For further information contact: Diane 
McGraw Tel: 0181 467 2636 
Fax: 0181 4676515 

Advances in Solid State 
Lasers 
London, Institute of Physics 
20 November 
Contact: Bruce Sinclair Tel: 01334 
463118 

Make It With Lasers 

Processing materials using 
excimer lasers 
Excitech, Oxfordshire 
28 November 
For further information contact: Carol 

Further Ahead 
Hedge, TWI Tel: 01223 891162 
Fax: 01223 894363 

Manufacturing Week '96 
National Exhibition Centre, 
Birmingham 
26-28 November 

Safety Practices and 
Responsibilities in Laser 
Materials Processing 
University of Liverpool 
5 February 1997 
For further information contact: Laser 
Eng. MSc course. Tel: 0151 794 4857 
Fax: 0151 794 4892 

Make It With Lasers 
Precision Laser Welding and 
Cutting 
Micrometric Techniques, Lincoln 
6 February 1997 
For further information contact: Carol 
Hedge, TWI Tel: 01223 891162 
Fax: 01223 894363 

AILU 
General Technical Meeting 

Focus on laser cutting 
TWI, Cambridge 

12 February 1997 
Further infonnation will be circulated to 

members closer to the time 

Lase '97 
High-Power lasers and applications 
San Jose Convention Centre 
San Jose, California, USA 
8-14 February 1997 
For further information contact: SPIE 
Tel: + 1 360 676 3290 Fax: 647 1445 

CALL FOR PAPERS 
Advances in Materials & 
Processing Technologies 

University of Minho, Portugal 
22 - 26 July 1997 

Abstracts due 25 February 1997 
For further infonnation contact: 

ProfMAndritschkytel: +351 53 510152 
Fax: +351 53 510153. 
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Image Processing and Optic 
Technology (IPOT 97) 
NEC, Birmingham 
12 - 13 February 
Forfurther information contact: 
Duncan Laseby at Trident Exhibitions. . . . . . 

November 

Fifth International Conference 
Challenges and 
Opportunities 
in Europe 

Coventry 
7 & 8 April 1997 

Forum on laser use in 
European Industry 

Workshop on laser technology 
transfer 

Exhibition of collaborative 
research 

cJti m 
on Sheet Metal 
University of Ulster 
8-10April 1997 
Contact: Mrs L McCLean 
Tel: 01232 366680 Fax: 01232 366060 

Vision Laser 
(an AILU supported event) 
Part of the Hannover Fair 
18 - 19 April, 1997 
Forfurther information, contact Manfred 
Kutzinski on Tel: +49 5118932124 
Fax: +49 511 8932 564 
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In this section some popular laser– and other 
magazines of interest are reviewed, listing the 
papers that we regard as relevant. Each issue 
from July to September 1996 is checked for rele-
vant articles and a list of titles, authors and key 
words provided.

Contact the AILU office for more information. 
Please note that copyright restrictions prevent us 
from providing copies of articles.

Engineering
September 1996

p 38 Cutting corners
 Key words: Laser, water jet cutting, auto-

motive, land transport
 Database entry: 2732

Engineering Lasers 
and Power Beam 
Processing
September 1996

p 9 Low power, pulsed Nd:YAG proves a new 
force in metal joining

 Key words: Nd:YAG laser, fibre/wave-
guide, welding

 Database entry: 2733

p 13 Excimer lasers for micromachining com-
posites and polymers

 Key words: micromachining, excimer laser, 
composites

 Database entry: 2734

p 17 An introduction to the fundamentals of 
laser technology

 Key words: Nd:YAG, CO2 lasers, general
 Database entry: 2735

EuroPhotonics
Autumn 1996

p40 Solving the laser safety puzzle, by J Watson
 Keyword: NOHD/MPE calculation
 Database entry: 2697

p36 Excimer lasers: the key to fibre gratings, by 
V Pfeufer

 Keywords: Excimer laser, marking, inter-
ferometry

 Database entry: 2698

Industrial Laser 
Review
July/August 1996

p 3 Restrained joint laser welding
 Keywords: welding, gears
 Database entry: 2702

p13 Job shop laser heat treating
 Keywords: CO2 laser, heat treatment, sur-

face modification
 Database entry: 2703

p13 Opportunities expand with 31/2 axis
 Keywords: X-X table, computer control, 

cutting, welding, surface modification
 Database entry: 2704

p17 Specifying delivery optics for UV systems
 Keywords: excimer laser, focussing, lens, 

beam propagation
 Database entry: 2705

September 1996

p 7 Laser cutting for right-hand drive vehicles
 Keywords: land transport, CO2, Nd:YAG 

lasers, cutting, general control
 Database entry: 2706
p 17 Comparing shielding gases for laser weld-

ing
 Keywords: CO2, Nd:YAG lasers, welding, 

gas assist
 Database entry: 2707

p 7 Comparing shielding gases for laser weld-
ing

 Keywords: CO2, Nd:YAG lasers, welding, 
gas assist

 Database entry: 2708

Journal of Laser 
Applications
August 1996

p 183 On the relation between fluid dynamic pres-
sure and the formation of pores in laser key 
hole welding

 Key words: laser welding
 Database entry: 2736

p 191 The role of oxygen pressure in laser cutting 
mild steels

 Key words: laser cutting
 Database entry: 2737

p 197 Some aspects of laser heating of engineer-
ing materials

 Key words: Nd:YAG laser, drilling
 Database entry: 2738

p 205 Acoustic emission from modulated laser 
beam welding of materials

 Key words: laser welding
 Database entry: 2739

p 211 Laser hazard evaluation  method for middle 
infrared laser systems

 Key words: laser safety standards, NOHD/ 
MPE calculations

 Database entry: 2740

Laser Focus World
July 1996

p 38 Turnkey laser system inspects aircraft parts
 Keywords: CO2 lasers, defect detection, 

thermography
 Database entry: 2699

p 38 Laser marking looks to machine vision sys-
tems

 Keywords: microelectronics, Nd:YAG 
lasers, product integration, vision systems

 Database entry: 2700

p 38 Diode laser drivers maintain control
 Keywords: diode lasers, power supply
 Database entry: 2701

August 1996

p 40 Longer-wavelength laser repairs increase 
chip yield

 Key words: other solid-state lasers, cutting, 
semiconductors

 Database entry: 2712

p 95 Sealed carbon dioxide lasers achieve new 
power levels

 Key words: CO2 lasers, gain medium
 Database entry: 2713

p 135 Frame grabbers transfer image data to com-
puters

 Key words: vision systems, image process-
ing

 Database entry: 2714

September 1996

p 16 Array-pumped Nd:YAG laser produces 
100 W

 Key words: Nd:YAG laser, diode pump, 
frequency doubling

 Database entry: 2721

p 36 Excimer laser reflows copper in chip pro-
duction

 Key words: excimer laser, surface modifi-
cation, micromachining, microelectronics

 Database entry: 2722

p 97 Diode lasers point to desktop manufactur-
ing

 Key words: laser diode, rapid prototyping
 Database entry: 2723
p 105 Infrared array detectors create thermal 



34

Reviews

image
 Key words: thermography, thermal detec-

tors
 Database entry: 2724

p 143 Chalcogenide fibres deliver high IR power
 Key words: optics, fibre/waveguide, CO2 

lasers
 Database entry: 2725

p 153 industrial lasers require high purity gases
 key word: laser gain medium gas
 Database entry: 2726

Opto & Laser Europe
July 1996

p 7 Excimer’s pulsed beams sterilize food 
packaging

 Key words: excimer laser, photochemical
 Database entry: 2715

August 1996

September 1996

p45 Light sheets illuminate combustion dynam-
ics, by J McEntree

 Keywords: scatter, dynamics, measurement/
testing

 Database entry: 2694

p45 Scanned beams mark precise graphics
 Keywords: marking, plastics
 Database entry:2695

p73 Articulated arm will channel beams for 
material processing

 Keywords: articulated arm
 Database entry: 2696

Photonics spectra
July 1996

p 72 Optical manufacturing gears up for the pho-
tonics age

 Key words: production, lenses
 Database entry: 2717

p 86 Electronics in Japan: photonics to the res-
cue

 Key words: microelectronics, microscopy
 Database entry: 2718

August 1996

p 99 Thermography helps keep the walls from 
tumbling down

 Key words: thermography
 Database entry: 2719

p 80 A banner year for diode-based laser tech-
nologies

 Key words: diode laser, industrial
 Database entry: 2720
September 1996

p 120 Automated packaging: a cure for market 
growing pains

 Key words: tables/frames, optics, product 
integration, component mounting

 Database entry: 2727

p 126 Precise positioning for flying heads
 Key words: X-Y table, positioning gear, 

company names
 Database entry: 2728

p 86 Fibres deliver the goods for Nd:YAG appli-
cations

 Key words: fibre/waveguide, Nd:YAG laser
 Database entry: 2729

p 94 Laser beam diagnostics: the key to metal-
working success

 Key words: measure test, laser beam diag-
nostics

 Database entry: 2730

p 103 Turning up the power in fibre/laser systems
 Key words: Nd:YAG lasers, fibre/wave-

guide
 Database entry: 2731

Rapid news Europe
Vol 4 no 4

p 48 Selective laser sintering and stereolithogra-
phy: different technologies for different 
applications

 Key word: Prototyping
 Database entry: 2711

Sheet Metal  
industries
September 1996

p37 Laser welding drives BMW
 Key words: land transport, CO2 laser, weld-

ing
 Database entry: 

Welding & metal
Fabrication
August/September 1996

p 11 Laser cuts time to completion at Vosper 
Thornycroft

 Key words: marine/ship building, cutting, 
CO2 lasers

 Database entry: 2709

p 43 Vision systems, the price is right - at last!
 Key words: vision systems, welding
 Database entry: 2710

THE ROYAL ACADEMY  
OF ENGINEERING

ENGINEERING FORESIGHT AWARDS
Help to develop your worldwide R&D networks with an overseas secondment. 

Engineering Foresight Awards provide support to enable engineers engaged in UK 
Research and Development activities, in areas highlighted by the Technology Foresight 
programme, to be seconded to centres of excellence overseas.  Host organisations will 
be those who are leading the development of new or enhanced technology.

The aim of the scheme is to support the further international development of Technology 
Foresight networks and thereby encourage the uptake of globally competitive technolo-
gy in the UK. Awards are intended to benefit secondees and their employers, as well as 
creating or enhancing links with the host. Secondments will normally be for periods of 
six to twelve months, with Awards providing up to 50% of total agreed costs. 
Applications are welcomed from most sectors of the UK R&D community.  
Further information is available from:

Alison Bowen   Engineering Foresight Awards   The Royal Academy of Engineering
29 Great Peter Street   London SW1P 3LW. Tel:  0171 222 2688;  Fax:  233 0054.



Coherent introduces new sol
id-state lasers 
Coherent announces the airival of two new series of compact, 
all-solid, diode-pumped, solid-state lasers. The Compass™ series 
of all-solid-state, diode-pumped, cw green and infrared lasers 
provide high power, low noise, high efficiency and mainte
nance-free operation in an ultra-compact footprint. The range 
includes: the Compass 532 which delivers from 10 mW to 5 W 
of single-frequency green (532 nm) output; the Compass 1064 
systems provide from 80m W to 5W of infrared (1064 nm) and 
the Compass 315, a miniature, all-solid-state, diode-pumped 
laser designed for commercial use. This intra-cavity frequen
cy-doubled Nd:YAG laser provides >50mW or > lOOmW oflow
noise, single-frequency green (532 nm) output. 

Verdi™, the highest power member of the Compass Series is a 
diode pumped frequency-doubled Nd:YV04 laser and delivers 
>5W of cw single-frequency green output from a laser head the 
size of a typical shoe box. 

. .--.. .. .... 
.......... 
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Screen dump from the new Air Products software 

A Complete Laser Tool for the 
Printed Circuit Board Industry 

At CEMEX '96 (Circuit and Equipment Manufacturing 
Exhibition) held in Telford last month, Exitech launched their 
latest micro machining system, the Series 9000. This laser tool 
has been specifically developed to be used within the PCB indus
tty. 
The unique feature of the Series 9000 is its dual wavelength capa
bilities. Unlike any other system cmTently available, it combines 
both C02 and Nd:YAG laser technology. This enables good qual
ity machining of most metallic materials including copper, and 
the vast majority of dielectrics to be achieved. Initial work has 
concentrated on developing the process for machining of blind 
vias in Multi Chip Modules. Other potential applications within 
the industty are through via hole drilling, skiving, and profiling 
of rigid or flexible circuits. 
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New Products 

Compass and Impact systems are maintenance-free and highly 
efficient, making them ideal for high reliability clean-room man
ufacturin environments. 

The new Coherent Verdi' solid sate laser 

Laser Gas Selector Software from 
Air Products 
Laser Gas Selector is a user-friendly software package which 
quickly guides industrial Nd:YAG and C02 laser users to the 
coffect gases, gas pressures and gas flow rates for a wide range 
of laser cutting and welding applications. The software also pro
vides background info1mation on the unique characteristics and 
advantages of each of the selected gases or gas mixtures . 

The disk was on special offe1· at Engineering Lasers '96 and 
is now offered FREE to AILU members. 

For your FREE copy, fax Craig Hunt at Air Products on 
01270 506198. 

I 
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