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The principal objectives of AILU 
include:

 • To foster co-operation and collabo-
ration on non-competitive technical 
matters and provide a forum and 
mechanisms for sharing experience 
and expertise.

• To encourage the expansion of laser 
use into applications where they can 
add value and increase company 
competitiveness.

 • To represent and promote the inter-
ests of industrial laser users.

 • To disseminate professional and 
other information to members.

 • To promote best practice in the 
commercial applications of lasers in 
materials processing and allied tech-
nologies.

 • To support the maintenance and 
improvement of standards of laser 
safety and performance.

AILU membership is a valuable source of 
information concerning laser technology 
and applications. Benefits include: 

• Subscription to The Laser User, the 
leading magazine on laser applica-
tions with news and views from the 
UK and world-wide.

• A 'hot-line' consultancy service pro-
vided by members for members.

• Free entries in the AILU Product and 
Services Directory on the web site.

• Regular meetings, including mem-
bers-only meetings and open work-
shops e.g. where key areas of tech-
nology are open for discussion.

 • Access to the members' area of the 
web site with lots of technical arti-
cles plus frequently asked questions, 
current laser safety and performance 
standards etc.

• Major discounts on registration fees 
for events organised by AILU and 
affiliated bodies.

The AILU objectives

Benefits of  
membership This small hollow titanium ball with its fine 

intricate pattern was manufactured by a 
commercial machine and is this issue's 
'Gorgeous Part' (see p 17). 
Additive Layer Manufacturing (ALM) is the topic 
of features by Chris Bocking (p 29) and Andrew 
Pinkerton (p 34). We also include a review of 
AILU's March workshop on ALM (p 41) and the 
Presidents message (p 21) highlights the interest 
within AILU of setting up a Special Interest 
Group to help develop a UK strategy for the 
process.

Helping you make the most of laser technology
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Association
Brooke Ward wins AILU Award

Every year the 
Association of 
Laser Users (AILU) 
presents an award 
to recognise ‘an 
individual who has 
made an outstand-
ing contribution to 
the industrial use 
of lasers in the 
UK’. The winner of 
the 2009 Award is 
Brooke Ward of Europtics Partnership in 
Goring, in recognition of his pioneering 
work on measurement standards and 
optics for laser beam propagation and 
his outstanding contribution to the indus-
trial use of CO2 lasers in the UK. 

Pioneering the industrial use of lasers
Brooke helped found one of the first laser 
application’s groups in the UK and one 
of the first industrial laser user’s clubs, in 
1968 at Culham Laboratory in Abingdon. 
A passionate believer in industrial laser 
applications, Brooke contributed to the 
field in several ways. Highlights included: 
the successful design and manufacture 
of a laser garment cutter for made-to-
measure suits in 1973, cutting the cloth at 
1 m/ sec; a high speed cut-and-weld sys-
tem that produced ~4,000 high density 
polyeurathane bags/hour; and a paper 
printing system to produce eight logos 
across a web travelling at 40 mph. In 
1975 he established a diamond machin-
ing system for manufacturing copper 
mirrors for CO2 lasers (including spherical 
and high speed polygonal scanning mir-
rors); and later undertook research on the 
aerodynamics of CO2 laser cutting noz-
zles, establishing the major influence of 
supersonic Prandtle waves on laser cut-
ting performance. 

Especially during the 1980s Brooke was 
one of the UK's most active enthusiasts 
of industrial laser materials processing, 
travelling around the UK spreading the 
word on the CO2 laser’s capability for 
cutting, welding and cladding. He was 
an early champion of laser-welded steel 
sandwich panels for everything from 
light-weight heat-exchangers to blast 
panels and ship-building. 

Leading work in beam characterisation
Since 1976 Brooke has been a lead-
ing figure in the development of laser 
beam measuring systems and, in 
working within the British Standards 
Institute and the International Standards 
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Brooke Ward

Dynamic duo win AILU Young UK 
Engineer Prize
The AILU Young UK Laser Engineer's 
Prize is designed to encourage young 
people in the UK to develop their inter-
ests in laser applications. It is awarded 
for a significant piece of work, con-
ducted in the UK, which has led to real 
or potential economic gain for the parent 
organisation. Usually won by a single 
individual, the 2009 Prize is shared by 
two members of a team working to inte-
grate a laser and beam delivery optics 
supplied by thinklaser into a new MTT 
Technology Selective Laser Melting 
(SLM) machine. The team was formed 
as a partnership between the two 
companies and the 2009 Prize winners 
are Philip Harris (thinklaser) and Wes 
Brooks (seconded to the MTT team from 
Liverpool University). 

"The role of thinklaser was to develop 
the optical module (beam delivery and 
manipulation) and laser source," said 
thinklaser MD and AILU member, Adrian 
Norton. "After a very short development 
period we were asked to design, build 
and prove that we could support the 
project through to production manufac-
turing," he added. 

Design Engineer Philip Harris, who has 
a BEng(Hons) degree in Aerospace 
Engineering, started work at thinkla-
ser in 2004 with responsibilities for the 
design and build of their laser marking 
machines. The design he submitted to 
MTT addressed a wide range of require-
ments and included a fibre laser, galvo 

delivery optics, beam diameter manipu-
lation and water cooling of the optics for 
increased lifetime.

At the time Wes Brooks was asked by 
MTT to join the development team, 
he was working on a PhD at Liverpool 
University using MTT’s SLM equipment. 
His work in the team has been to man-
age and sequence of coding for real 
time control and monitoring of the opti-
cal system; and for the control of the 
drives and collection of data from the 
sensors and user. This included manipu-
lation of the build image, the slicing 
protocol and the handshaking between 
thinklaser software (for laser control) 
and the overall process control. Wes' 
knowledge of process application was 
extremely important for this work. He 
now works for MTT full time on process 
development.

"Though part of a larger engineering 
team, the individual work of the two 
prize winners was paramount to the 
project's success," said Adrian, in pro-
posing them both for the AILU Prize.

In late 2008 the first MTT beta system 
was placed in a research facility for 
evaluation and further development 
input. Initial results and comments have 
been very positive. The programme for 
production is expected to commence in 
the second part of 2009.

"It is important that the work of young 
engineers is acknowledged. Sometimes 
we forget to give them the credit they 
deserve," said Adrian.

Organisation, produced a standard (BS/
EN 11146) for the measurement of beam 
diameter and propagation parameters. 
Through collaboration with the National 
Physical Laboratory he extended this 
work to cover complex and poor quality 
beams and helped Oxford Framestore 
Applications to devise and test second-
moment beam diameter measurements 
with CCD cameras.

Brooke is presently acting as a Project 
Monitor for the Technology Strategy 
Board. His latest project is a motor 
industry investigation at Warwick 
University into high-power fibre lasers for 
robotic ‘body-in-white’ welding.

The presentation of the AILU Award 
was made during the Association’s first 
Industrial Laser Applications Symposium, 
which took take place at TWI Cambridge 
on 7 & 8 July (details in next issue).

Phil Harris

Wes Brooks
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People
Three new apprentices

Trumpf UK has embraced the modern 
apprenticeship training scheme. Working 
with engineering vocational qualifica-
tion body, EAL, it has recently accepted 
three enthusiastic youngsters on the four 
year course. Joe Burton (20 yrs) and 
Nathan Osborne (19 yrs) attend Barnfield 
College in Luton. The third, Christopher 
Proudfoot, will complete his training 
at SETA – Southampton Engineering 
Training Association.

Trumpf UK MD Hartmut Pannen said “I 
have no doubt that with proper financial 
support British manufacturing can pull the 
UK out of recession. However there is a 
danger of a skills gap and I am delighted 
that Trumpf is doing its bit to attract tal-
ented youngsters into engineering.”  
Contact: Gerry Jones 
E: g.jones@uk.trumpf.com

Business
Cambridge Technology and General 
Scanning combine operations
Cambridge Technology and General 
Scanning, suppliers of precision opti-
cal scanning equipment, have joined to 
bring the best of both worlds to the opti-
cal scanning marketplace. 

“We already have exciting new prod-
ucts in development that are the result 
of our combined technology teams,” 
said Redmond Aylward, President of 
Cambridge Technology.

The combined company will still be 
Cambridge Technology, Inc., and will 
operate as an independent subsidiary of 
the GSI Group Corporation. Cambridge 
Technology, Inc. will continue to manu-
facture and support all General Scanning 
and Cambridge Technology products 
and brands. 
Contact: David Freihofer 
E: davidf@camtech.com

Powerlase secures funding injection
Powerlase Limited, manufacturers of 
powerful nanosecond Q-switched, 
diode-pumped solid state (DPSS) 
lasers, has secured significant invest-
ment from an investor group including; 
MTI Partners, Deutsche Venture Capital, 
DJF Esprit LLP, Alice Ventures and FNI 
Venture Capital.
Having established a position as the 
laser manufacturing technology of 
choice for the majority of the world’s 
plasma display panel television (PDP) 
output, Powerlase will use the funding 
injection to further develop its world 
class technology for new markets. 
Continued research and development 
will aid Powerlase in securing cus-
tomers in new market sectors includ-
ing Photovoltaic, AMOLED displays, 
micromachining and laser patterning.
Powerlase’s focus on high growth sec-
tors led to record orders at the close 
of 2008. This latest investment will arm 
Powerlase with an enhanced ability to 
meet the growing demand for its laser 
systems in 2009 and beyond.
“The changing economy has led custom-
ers to place a greater focus on efficien-
cies and clean technologies, said Les 
Lockwood, CEO at Powerlase. "This 
investment will ensure we can meet the 
increasing demand for high performance, 
high productivity laser technology.” 
Contact: Paul Harrison 
E: paul.harrison@powerlase.com

Photonic Solutions representation
Cutting Edge Optronics in UK and Ireland
Photonic Solutions are now representing 
Cutting Edge Optronics in the UK and 
Ireland. Cutting Edge Optronics (CEO) is 
a division of Northrop Grumman Space 
technology and is a leading provider 
of high power laser diode arrays, high 
power laser pump modules and pulsed 
DPSS lasers. 
Contact John Macleod 
E: john.macleod@photonicsolutions.co.uk
Koheras A/S' in the UK and Ireland
Photonic Solutions are now distributors 
for Koheras A/S' SuperK supercontinuum 
products in the UK and Ireland.

The broadband light sources are offered 
at power levels from 100 mW up to over 
4 W with wavelength ranges from 395 to 
2400nm.
Contact:  Darryl McCoy  
E: Darryl.Mccoy@photonicsolutions.co.uk 

SPI increases applications capability 
SPI Lasers have made new investments 
in UK and US facilities, equipment and 
personnel with respect to fibre laser 
applications development.

Two laser industry experts have been 
appointed to an expanded US facil-
ity: Mark Brodsky as Applications Lab 
Manager and Kevin Ham as Senior Laser 
Applications Engineer.  

In addition to the US senior appoint-
ments, SPI has opened an applications 
lab in the UK and forging close ties with 
a number of leading application research 
centres around the globe

David Parker, CEO of SPI Lasers added 
"By making new appointments to our 
Apps team we have ensured we achieve 
not only our internal goals but also those 
of our existing and future customers. 
By expanding our existing lab in the 
US, creating a new lab based in the 
UK, co-located with our R&D facilities, 
and forging closer ties with internation-
ally renowned organisations enables us 
to compete on a global scale with the 
most advanced technology and most 
influential/ground breaking organisations 
behind us."
Contact: John Tinson 
E: john.tinson@spilasers.com

LBP appoints Australasian distributor 
Laser Beam Products, the largest 
manufacturer of infra red mirrors in the 
UK, has appointed Melbourne-based 
Industrial Laser as their sole Australasian 
distributor. 

Industrial Laser supports high power 
CO2 and YAG laser users and has relied 
upon the optical design and manufacture 
supplied by Laser Beam Products for 
almost two decades, especially LBP's 
proprietary beam propagation software.

Richard Ladley, Technical Director of 
Industrial Laser, comments: “LBP are 
skilled in how to manipulate high power 
CO2 beams across large working areas 
of flying optics cutting systems. They 
offer one off optics and an understand-
ing of laser users requirements.”

LBP MD Mark Wilkinson added: 
“Richard has real “hands on” practical 
ability with lasers and hard earned expe-
rience. He knows all about the parts we 
supply; and that attention to detail can 
only benefit his customers.”
Contact: Mark Wilkinson 
E: sales@lbp.co.uk

Joe Burton (left), Nathan Osbourne (centre) with 
Trumpf Product Manager Steve Ingram

Full details of all news items in the magazine, plus additional news items, can be found on the AILU web site
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Fibre lasers are easy to use, straight-
forward to integrate, highly reliable and 
maintenance free. Single-mode opera-
tion allows the beam to be focused 
down to near diffraction limited spot 
sizes at the workpiece, leading to unri-
valled performance in areas such as 
fine cutting, high precision welding, high 
definition additive manufacturing and 
high resolution surface machining. 
SPI’s R4 CW-M high power lasers are 
designed for either CW or modulated 
operation at frequencies up to 100kHz 
with pulse widths as low as ~2µs. In this 
way the full CW output can be used for 
continuous seam welding but it is also 
capable of producing stable pulse ener-
gies down to 0.02 mJ for manufacturing 
the highest resolution line screens on 
anilox printing rolls. 
The laser can be seamlessly switched 
between the different operating con-
ditions by simply changing the laser 
setpoint and modulation pattern. This 
versatility arises from the absence of 
thermal effects on output power, beam 
quality and divergence (unlike the tradi-
tional rod YAG laser), so that, for exam-
ple,  the beam quality remains constant  
across all pulse sequences. 

The fibre laser can also be configured 
for use in applications where the pulse 
shape is continuously varying with time, 
e.g. to control the cooling of weld pools 
or optimise cutting parameters.
Speed and stability
The high speed modulation capability 
and exceptional control stability of the 
laser has enabled significant productivity 
gains to be made in process cycle time 
and yield improvement in diverse fine 
cutting processes. 
Similar improvements have also been 
demonstrated in spot welding applica-
tions where the main requirement is for 
reproducibility. In a pulse to pulse stabil-
ity test for a medical devices customer 
using 5mJ pulse energy, the energy of 
over 99.7% of all pulses was within 
0.5% of the mean. Having the laser as 
a stable tool allows greater tolerances 

in tooling and materials to be achieved, 
leading to a lowered spread in general 
weld characteristic and tensile strength. 
The unique capability of SPI’s lasers to 
operate under closed loop control and 
provide high speed peak or average 
power readback during processing ena-
bles a level of reproducibility and long 
term process stability previously pos-
sible only with extensive process engi-
neering effort.
Over recent years fibre lasers have 
proved themselves to be a reliable and 
enabling technology in highly diverse 
manufacturing environments. The R-4 
products up to 400W in SPI’s portfolio 
have been designed to incorporate the 
latest technology improvements and 
customer feedback to ensure that the 
product platform provides the best per-
formance available as a highly versatile 
manufacturing laser tool in an industrial 
environment. 
SPI offers a free “Try Before You Buy“ 
evaluation opportunity and offers a 
wide range of applications notes to help 
customers optimize their processes to 
achieve success. 
Andy Appleyard  
Andy.Appleyard@spilasers.com

SPI's new CW and modulated fibre lasers

Cut kerf width < 12 µm    Fine wire (welding

100 µm
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GSI offer 400W fibre laser
GSI Group's Laser Division has 
enhanced its range of JK Fibre Lasers 
with the launch the new JK400FL, a 
400W CW fibre laser.

The JK400FL offers all the advantages 
of the other models in the range, but 
with increased power and performance. 
Capable of faster processing speeds 
and the capacity to cut and weld thicker 
materials, these improvements make for 
a highly efficient machine that is both 
time saving and cost effective.

Applications laboratory analysis shows 
superior performance over traditional 
laser processing with increased cut qual-
ity and speed, lower dross levels and 
smooth spatter free welds. The stable 
single resonator and in-built pulse shap-
ing capability are other key features. 
Despite the higher power the JK400FL 
is compact and simple. Its single mode 
output fibre delivers a near diffraction 
limited beam that is consistent and sta-
ble across the whole power range. At 
maximum power the wall plug efficiency 
is better than 25%, leading to economic 
operation and low environmental impact. 

In addition to the new features of this 
higher powered laser, it retains all the 

attributes that are associated with the 
JK Fibre Laser Range, including in-built 
back reflection protection and a fully 
integrated proprietary control software 
and machine control interface. GSI offer 
a range of welding and cutting process 
heads for the JK Fibre Laser range.  
Contact: John Chinn 
E: jchinn@gsig.com

Newport introduces tunable 340 nm to 
2500 nm ultrafast laser source
The Iris™ 
Optical 
Parametric 
Oscillator (OPO) 
is a new, tun-
able, ultrafast 
laser source 
for advanced 
imaging and spectroscopy applications. 
Optimized for use with the company’s 
Mai Tai® HP ultrafast laser, the Iris OPO 
delivers the widest gap-free ultrafast tun-
ing range in the industry, from the ultra-
violet to the mid-infrared, and the high-
est power in the UV and visible (>1 W 
average power from 340-520nm and 
>400 mW from 490-750nm). The new 
OPO features full automation for com-
puter controlled tuning across the range 
without adjustment or change of optics.

The Iris OPO has multiple output ports 
for simultaneous UV, visible and infrared 
output. 

“The wide tuning range and high power 
enables new applications in multi-photon 
and CARS imaging, time-resolved spec-
troscopy and scientific research,” said 
Herman Chui, Senior Director of Product 
Marketing for Newport’s Spectra-Physics 
Lasers Division. 
Contact: Jon Richardson
E: jon.richardson@spectra-physics.com

New all solid state UV lasers offer true 
CW Output for bio applications
The new 
Genesis™ 355 
lasers are the 
first all solid 
state lasers to 
provide true CW 
output in the 
ultraviolet (355 nm). They are available 
with output powers up to 100 mW and 
feature excellent beam quality (M2<1.2) 
and low noise (<0.5% rms). 

Until now, applications for CW ultraviolet 
lasers have had to use either gas laser 
technology or mode-locked solid state 
lasers offering only pseudo-CW perform-
ance. The latter generate peak powers 

The Iris™ Optical Parametric 
Oscillator

Genesis™ 355 lasers
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at the kW level, which can cause severe 
limitations in bio applications.

The CW, low-noise output of Genesis 
355 is ideal for flow cytometry applica-
tions where the peak power of a mode-
locked laser would pose a significant 
risk of damage to specimens. Their short 
wavelength and low M2 beam are also 
well-suited to emerging confocal micros-
copy applications.
Contact: Arnaud Lepert
E: arnaud.lepert@coherent.com

Optics and beam delivery
Laser Beam Products reworking serv-
ice saves £££’s for customers
Laser Beam Products, the largest manu-
facturer of infrared mirrors in the UK, has 
seen demand for repairing CO2 laser mir-
rors soar as result of the credit crunch. 

Replacing mirrors that have been dam-
aged by exposure to chemicals and 
harsh working environments can be a 
costly exercise, but the LBP reworking 
service is saving customers thousands 
of pounds. Typically a company seeking 
to rework a damaged mirror can expect 
to pay anything from 20% of the cost of 
a brand new optic.  

In a bid to highlight this unique service 
the Bedfordshire based company show-
cased a range of ‘before’ and ‘after’ 
mirrors at The Laser World of Photonics 
Show in Munich in June this year.  

By utilising leading test equipment 
LBP can generally identify the original 
specifications of the part and restore 
it to look as good as new. LBP's MD 
Mark Wilkinson comments: “We have 
managed to rework nearly every mirror 
sent to us - and of course there are no 
problems in refitting the reworked mirror 
as it’s effectively the original part. Some 
customers processing difficult materials, 
such as plastic automotive trims, have 
had the same mirrors reworked five or 
six times now. Businesses seeking ISO 
14000 accreditation, have also seen the 
benefits for their environmental manage-
ment.”   

It’s not just lower power systems either; 
LBP have reworked the entire beam 
delivery line of a 25 kW CO2 welding 
laser. The exercise saved the customer 
thousands of pounds, but more impor-
tantly, some of the parts just weren’t 
available any more”. 
Contact: Mark Wilkinson 
E: sales@lbp.co.uk

Breathe new life into aging flat-bed 
laser cutters  
In the current economic climate increas-
ing numbers of shop owners are choos-
ing to retrofit their existing equipment.

Laser Mechanisms offers a variety of ret-
rofit packages and are a popular choice 
for machine owners looking for modern 
features, enhanced capabilities and ease 
of installation. All Laser Mechanisms' 
retrofits feature their industry-leading, 
cartridge style lens holders and mag-
netic crash protection for quick head 
resets. Available options include single 
and multiple focal lengths, contact and 
non-contact styles, and automatic height 
sensing. 
Contact: Arvi Ramaswami 
E: arvi@lasermech.be

New scan head increases welding 
control, flexibility and efficiency
GSI have a new scan head control sys-
tem and software for the JK125 and 
JK300. It enables greater control and 
flexibility as well as reduced production 
times for repeatable high speed, high 
precision, seam and spot welding. 

The new system is a single user applica-
tion enabling seamless programmabil-
ity of scan head and laser parameters 
through a single operator screen, and 
has been specifically designed for laser 
processing applications in general, rather 
than simply the more traditional marking 
applications for which scan heads are 
predominantly used.

“Using a scan head instead of the more 
conventional process-tool-based sys-
tems offers users higher speed welding, 
giving manufacturers even more reason 
to choose laser over conventional spot 
and MIG,” said Mark Greenwood, of GSI 
Lasers. 

The scan head enables the laser beam 
to be deflected precisely and quickly 
throughout a range of spot sizes and 
working areas, increasing the total weld-
ing on time from the typical 20% to 
50% of the process cycle time to more 
than 90%. Additionally, the shape of the 
weld can be programmed in a variety of 
geometrical shapes and figures such as 
circle, sine wave, open circle, and spiral, 
giving laser welding further structural 
advantage over conventional spot and 
MIG welding.
Contact: John Chinn 
E: jchinn@gsig.com

Laser Mechanisms' new processing 
head
Engineered for 3-
dimensional robot-
ic cutting with 
a fibre-coupled 
laser, FiberCut is 
a compact, low 
moving mass head 
that minimizes 
inertia transfer to 
the robot support 
arm. All connec-
tions to the head enter at right angles, 
including the fibre, providing tight access 
to parts, easy cable routing and stress 
reduction on the input fibre. The FiberCut 
system consists of the cutting head, 
fiber collimator, linear drive with position 
measuring and an internal, low-noise 
height sense system that is insensitive to 
cutting plasma or piercing debris.

"With FiberCut we started with a clean 
sheet of paper and integrated everything 
we know about laser processing into its 
design," said Mark Taggart, Managing 
Director at Laser Mechanisms North 
America. "The end result is the best 
cutting head we've ever built, and we'll 
stack it up against any of our competi-
tors heads for superior performance and 
outstanding value," added Mark.
Contact: Arvi Ramaswami 
E: arvi@lasermech.be

Newport offers S-2000 Vibration 
Isolators
Newport Corporation 
have release the new S-
2000 Stabilizer™ Series 
of pneumatic vibration 
isolators, incorporat-
ing Newport’s patented 
self-centering pendulum 
design, laminar-flow 
damping system, and 
precision auto-leveling 
valves for unmatched 
vibration isolation. Extra features include 
enhanced leveling indicators, recessed 
lifting channels and a significantly lower 
magnetic permeability design. These 
new features greatly improve the ease of 
use, functionality, and extend the overall 
value for Newport customers. The S-
2000, with a 2000 lb load capacity per 
isolator, is an ideal solution for isolating 
optical tables, large inspection equip-
ment, heavy machinery, and large area 
sub-floors.
Contact: Jon Richardson 
E: jon.richardson@spectra-physics.com

Full details of all news items in the magazine, plus additional news items, can be found on the AILU web site

FiberCut processing head

S-2000 series 
vibration isolator
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Measurement
Compact Power Monitor up 20 kW
Laser power is the 
key laser perform-
ance in material 
processing directly. 
Moreover, due to 
absorption in the 
beamline optics, 
the power indi-
cated at the laser (which in any case 
may not be calibrated correctly) won't 
all reach the workpiece. Differences can 
be presented and documented easily 
with the Compact Power Monitor (CPM). 
PRIMES calibration service ensures long 
term accuracy of the CPM.

The CPM is designed with a plane 
absorber for the near infrared and a con-
ical absorber for the highest power den-
sity (up to 5 kW/cm²) and the far infrared 
range. The CPM can even be driven with 
de-ionised water for the determination 
of laser power with higher accuracy. 
Optional adapters for many standard 
fibre couplers are available. 
Contact: Harald Schwede 
E: h.schwede@primes.de

Safety
TXD resists surge voltage spikes of 
6000V
The fields of telecommunication, office 
equipment and lighting have been 
placing ever greater demands on high 
voltage technology, pushing relay engi-
neering into new frontiers. Panasonic 
has responded with the new TXD relay, 
which can now withstand voltage spikes 
of up to 6kV. 

Voltage spikes in the kilovolt range no 
longer result primarily from lightning 
strikes but are “man-made.” High volt-

age compo-
nents are found 
in everyday 
equipment, 
from print-
ers and fax 
machines to 
high intensity 
discharge ballasts. In the case of failure 
or when such equipment approaches 
“end-of-life”, the probability of high volt-
age spikes increases dramatically, and 
costs resulting from damage and down-
time can be overwhelming.

Panasonic Electric Works has drastically 
improved the contact-to-coil insulation 
of its TXD relay portfolio. In contrast to 
insulation between contacts, contact-to-
coil insulation prevents damage to the 
relay control electronics on the coil side 
when high voltage spikes arise on the 
contact side. Moreover, you no longer 
have to take additional and often expen-
sive external measures to protect the 
control side.
Contact: Peter Bromley 
E: p.bromley@eu.pewg.panasonic.com

Fire station receives specialist training
When the 
Stopsley 
Fire Station 
recently 
conducted 
a routine 
fact-finding 
inspection of 
Luton-based 
Trumpf Limited, it became clear they 
needed to know more than just the lay-
out of the building.

As Watch Commander Andy Warner 
explained, “We realised there are added 
concerns when dealing with processes 
that involve gases. It’s important that we 
know how to isolate the supply to mini-
mise any risk of explosion.”  

Trumpf was delighted to share its spe-
cialist knowledge and organised a spe-
cific seminar for the firefighters. It gave 
them a grounding in laser production 
processes and insight into any potential 
flashpoints on the machines.

Memories of the Buncefield oil depot 
fire in December 2005 remain with the 
Stopsley Fire Station, but as a result of 
its training with Trumpf it now has even 
greater expertise to address the needs 
of local industry and its surrounding 
community.
Contact: Gerry Jones 
E: g.jones@uk.trumpf.com

Deregulation of non-surgical use of 
Class 3B and Class 4 lasers
In May the Government responded to 
an ePetition of 22 December 2008 that 
called upon the Prime Minister to reject 
the Department of Health’s proposals to 
de-regulate the use of lasers and pulsed 
light treatments in view of their known 
dangers in the hands of unregistered 
and untrained operators.

The Government response, in summary:  
In response to the petition further work 
has been carried out. This included 
considering the risks and the extent to 
which regulation by the Care Quality 
Commission (CQC) could mitigate them.   

The Department of Health concluded 
that system regulation under the CQC 
is not the most appropriate approach to 
regulation in this area: (i) the risks do not 
appear to be high; (ii) the people who 
use these procedures are less vulner-
able than those accessing many other 
services, in that they have more freedom 
to choose whether to use the service or 
not; and (iii) the main risks arise from the 
provider’s competence, or otherwise, in 
operating the equipment appropriately.  
Although system regulation could reduce 
this risk, by checking that appropriate 
training had been undertaken, most of 
the other registration requirements that 
apply across health and social care pro-
vision would be irrelevant, which makes 
system regulation a heavy-handed 
approach in this field.  

Rather than regulate the non-surgical 
use of lasers and intense pulsed light 
procedures, alternative approaches will 
be considered. Full details can be found 
at www.laserprotectionadviser.com 
Contact: Mike Barrett 
E: mikeb@prolaser.co.uk

PRIMES Compact Power 
Monitor

Panasonic's new TXD relay
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GSI Lasers® designs and manufactures 
a broad range of industrial laser technol-
ogies for use in key manufacturing appli-
cations across aerospace, automotive, 
electronics, medical and the semicon-
ductor industries. They regularly work in 
partnership with Aerotech for positioning 
systems and motion controls when prov-
ing an application process. 

As a fundamental part of its specialist 
service, GSI Lasers operates an exten-
sive Application Laboratory service at its 
Rugby-UK headquarters and in Suzhou, 
China. Both centres have a number of 
laboratories equipped with the full range 
of GSI Lasers and Aerotech positioning 
mechanics and motion controls to prove 
and develop a laser process for the cus-
tomers’ application. 

To meet challenging requirements for 
laser machining applications as diverse 
as wafer scribing and nanotube manu-
facture to welding turbine blades and 
micro-machining medical stents, GSI 
Lasers has developed a  wide range of 
products including state-of-the-art Fibre 
Lasers as well as CW and Pulsed Nd:
YAG lasers, Q-Switched and Gas Lasers. 

GSI Laser's Luminator™ fibre-optic 
beam delivery system allows rapid inter-
change between laser sources for 3D 
laser cutting, welding and drilling. The 
‘Plug-in-Pre-Alignment’ (PIPA) fibre-optic 
delivery system allows additional laser 
sources to be remotely located from the 
workstation area where set-up can be 
carried out safely and with minimal pro-
duction schedule interruption.

OEMs and systems integrators typically 
call upon the services of the Application 
Laboratory with a problem material or 
difficult process requirement and need 
the consistency of results without having 
to factor in a totally different workpiece 
set-up or positioning system.  

The Rugby-based Applications 
Laboratory is equipped with a wide 
range of Aerotech positioning systems 
that are suited to laser machining appli-
cation in terms of precision, throughput 
and protection. For instance, ALS5000 
and ALS5000WB wide bodied linear 
stages combine direct-drive linear ser-
vomotor technology and linear motion 
guide bearings in a fully sealed design 
that offers high speed and high precision 

positioning of large payloads in harsh 
production environments with low main-
tenance and high reliability. Similarly 
ALS1000 series X-Y stages are available 
for medium sized payloads.

For medium precision, high throughput 
applications GSI Lasers has a rig with 
ATS1100 series stages. Positioning 
mechanics also include ACS series 
direct-drive rotary stages with integral 
collets for simplicity in workpiece han-
dling. For very high precision positioning 
applications, Aerotech has supplied a 
granite base machine frame system.

Central to the Applications Laboratory 
process evaluation service is Aerotech’s 
A3200 Automation Platform for motion 
and machine control. The A3200 
includes dedicated commands such as 
Position Synchronised Output (PSO) that 
augment application specific perform-
ance for laser machining and similar 
applications. PSO allows the precise, 
‘on-the-fly’ synchronisation of the laser’s 
pulse, power level and firing pattern.

Contact: Cliff Joliffe 
E: cjolliffe@aerotech.co.uk

Aerotech and GSI partnership proves the processMotion control
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Today's medical devices are pushing 
the envelope of advancement. As the 
medical device industry has advanced, 
it has become extremely important to 
improve time to market, throughput, and 
manufacturing tolerances. An interesting 
example is the manufacture of stents, 
where manufacturing tolerances have 
reached the sub-micron level.
In addition, because these devices will 
be inserted into human arteries, they 
must be free of grooves and burrs and 
also must be completely hygienic.
Typical manufacturing requirements of 
stents include:

• Stents are usually manufactured 
from stainless steel, nitinol or a 
cobalt-based alloy.

• Stent design is usually a mesh 
structure or a coil.

• Material thickness down to 25 µm.
• Typical diameters of stents are from 

2 mm to 5 mm.
• Complex geometry and an accuracy 

and cutting tolerances of 2.5 µm.
Due to its unique capabilities, laser 
processing has become the predomi-
nant method of cutting, ablating, and 
welding materials for stent manufactur-
ing. Compared to other cutting meth-
ods, laser processing produces very 
smooth edges that substantially reduce 
the finishing process. Another laser 
processing benefit is the ability to make 
intricate design cuts with extreme preci-
sion and accuracy. These factors allow 
the system to be more cost-effective to 
deliver improved throughput.
When designing a laser machining cen-
tre there are several factors to consider: 
the laser, motion equipment, the control-
ler and the base structure.
Workpiece handling choices
In general, a stent-cutting machine 
requires a rotary and a linear axis. In 
its simplest form, this can be accom-
plished by bolting individual compo-
nents together. It is then necessary to 
add some material handling capability. 
However, due to the inherent errors in 
the individual components themselves, 
the bolting of the axes together and the 
addition of a material handling system, it 
is not possible to assemble a truly opti-
mised system.
With the push for tighter tolerances and 
higher throughput, an optimal design 
that integrates the rotary and linear 
axes, as well as the collet (material 
handling) mechanism, provides a better 

solution. An example of an optimised, 
integrated system is the VascuLathe 
series, as illustrated. The rotary axis has 
been designed to integrate directly onto 
the linear axis so that it is in-line with 
the linear motor and bearings.
This integrated design improves over-
all system stiffness and increases the 
resonant frequency. The rotary axis has 
an integral pneumatic-activated collet 
mechanism, effectively reducing system 
complexity and minimizing the total sys-
tem moving mass. The system also has 
an optional wet-cutting configuration for 
applications that utilize fluid to minimize 
the heat affected zone and back wall 
damage, and to assist in the evacuation 
of waste material.
The cumulative effect of the 
VascuLathe's optimised design results 
in throughput improvements from 200% 
to 500% when compared to tradi-
tional component-level manufacturing 
approaches, while still maintaining sub-
micron tolerances.
In addition to selecting the proper 
mechanical stages, it is equally impor-
tant to choose an appropriate multi-
axis motion controller. An example of a 
feature-rich multi-axis controller that is 
very good for medical device manufac-
turing is the Aerotech Automation 3200 
(A3200), a software-based controller 
that offers up to 32 axes of synchro-
nous motion. Key A3200 features used 
in medical stent manufacturing include 
contoured motion, PSO laser triggering, 
circumferential units and multi-block 
look-ahead.
One feature that is extremely useful is 
the ability to program in circumferential 
units. By specifying the diameter of the 
cylindrical part, a program can be writ-
ten as if it were in XY space, translating 
the XY coordinates onto the cylindrical 
part and cuts accordingly.
Another feature that is essential for cut-
ting small circles or arcs on a cylindrical 
part is contoured motion i.e. motion 
in which multiple axes are required to 
work in conjunction with each other. The 
A3200 is not only capable of providing 
this, but utilizes "multi-block looka-
head," to optimise cutting velocity as a 
function of part geometry.
While executing a program, the multi-
block look-ahead function is constantly 
reviewing lines of code to be executed 
later in the program. Acceleration during 
curved motion is calculated and com-

pared to a threshold acceleration value 
defined by the user: if the acceleration in 
an arc is above the allowable threshold, 
the controller will slow the cutting speed 
before the part feature is processed to 
ensure that the acceleration limit is not 
exceeded. In this way it is possible to 
directly control the part accuracy and 
system throughput i.e. reducing the 
acceleration limit results in lower position 
errors but longer processing times. 
Another key feature is the A3200's 
ability to trigger and control the laser, 
based on position. Position synchro-
nized output (PSO) uses a combination 
of hardware and software to allow laser 
triggering to be based on the actual 
position of the axes. When used in com-
bination with multiblock look-ahead, the 
PSO function ensures consistent laser 
beam spot overlap as the cutting veloc-
ity changes, resulting in improved edge 
quality and reduced heat-affected zone.
Base structure
In addition to the above, the overall 
structure of the machine needs to be 
optimised for stability. Components 
such as a granite base plate, elasto-
meric isolation and a steel machine 
base are commonly used. In particular, 
using a solid granite bridge structure to 
mount the optics and to minimize the 
length of an unsupported laser head 
not only provides the necessary mass 
to minimise the reactive forces from the 
moving axes, but also can support the 
optics. It thereby reduces differential 
motion between the part and the laser 
head, an effect that is not detectable by 
the control system and thus cannot be 
corrected through the control loop. 

Abridged with permission from a piece 
by Ken Hetrick, a Senior Applications 
Engineer at Aerotec, which appeared in 
Today's Medical Developments maga-
zine, onlineTMD.com, in May 2009
UK Contact: Cliff Joliffe 
E: cjolliffe@aerotech.co.uk

Laser processing in stent production

Aerotech's VascuLathe, an integrated, optimized 
stent-manufacturing platform
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Process
Drilling
Major order for laser drilling machines
Sauer 
Lasertec, 
part of the 
DMG group, 
has sold an 
additional 
four Lasertec 
80 PowerDrill 
machines 
to a leading 
European turbine engine manufacturer. 
This company already owns several 
other Lasertec drilling systems.

The Lasertec 80 PowerDrill machines 
will be used to drill both cylindrical and 
shaped film cooling holes in cast turbine 
components. At the recent Symposium 
on Aerospace Laser Applications (SALA) 
several speakers, including Friedemann 
Lell of Sauer Lasertec, described shaped 
hole drilling applications that are now 
under development or in production at 
engine manufacturers' plants. 

Shaped holes typically refer to the exit 
cooling holes on an aircraft turbine 
engine blade, where the environment is 
extremely hot. The cooling holes in the 
blade, round up to the exit, take a funnel 
shape with a rectangular or fingernail-
shaped exit hole that causes a laminar 
flow of cooling air over the blade surface. 

The 5-axis Lasertec machines use lin-
ear motors and torque motors for high 
acceleration (≤ 1.2g) and high accuracy 
(0.010 mm) and reliability.

Features specifically developed for the 
laser drilling of turbine components 
such as tactile part probing, hole break-
through detection, and the sophisticated 
LaserSoft PowerDrill software further 
enhance the machine's capability.
Contact:  Richard Baxter 
E: richard.baxter@gildemeister.com.

Follow-on order to major turbine 
engine manufacturer
Setting the standard for difficult turbine 
engine cylindrical and shaped hole-mak-
ing processes, Prima North America 
Laserdyne Systems announced that its 
fifth and latest follow-on order from a 
leading aerospace engine manufacturer 
incorporates innovative analyzing and 
reporting functions within the laser drill-
ing processes of these machines.

“As turbine engine manufacturers strive 
to produce engines that are more fuel 
efficient with fewer emissions, tight 
control of the laser drilling process is 
imperative,” reports Terry L. VanderWert, 
president of Prima North America. “The 
latest Laserdyne Model 450 incorporates 
At-Focus-Drilling, Tactile Part Probing and 
Hole Diameter Compensation software 
which allow the user to produce parts 
with extremely close tolerances and with 
exceptional repeatability. This is made 
possible with the Laserdyne S94P laser 
control that includes data logging fea-
tures which capture key system process 
parameters, documenting that the manu-
facturing process is under strict control.”

 “We are especially pleased by this cus-
tomer’s commitment to Laserdyne tech-
nology,” stated Mr. VanderWert. “This 

is another 
example of a 
leading global 
aerospace 
company’s 
positive eval-
uation of our 
products and 
represents 
a vote-of-
confidence 
in our direc-
tion. Laserdyne’s latest hardware and 
software, including the Convergent Laser 
CL50k (also manufactured by Prima 
North America), enables the analysis and 
reporting of laser process information. It 
provides real-time data logs for all parts 
manufactured on our systems, some-
thing we expect NADCAP to require in 
the near future.”

“The series of follow-on orders by this 
and other Laserdyne customers dem-
onstrate where the aerospace industry 
is headed,” reports Mr. VanderWert. “To 
further this effort, Laserdyne has been 
asked to consider installing the CL50k 
laser to other manufacturer’s laser drill-
ing systems which the customer oper-
ates. This came about both from the 
positive evaluation of the CL50k laser 
and the inability of the competitor lasers 
to process with equivalent speed, quality 
and cost effectiveness.”

“We are proud of our tradition of pro-
viding innovative and productive solu-
tions to real-world problems” added Mr. 
VanderWert.

Contact:  Mark Barry 
E: mbarry@prima-na.com

Lasertec 80 PowerDrill

Laserdyne Model 450
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Marking and engraving
CO2 laser marking
Laser Marking PBT Electrical Connectors
One of the most significant thermoplas-
tic polyesters engineered in the past 35 
years, Polybutylene Terephthalate (PBT) 
exhibits a great surface finish, is dimen-
sionally stable, and has excellent elec-
trical insulation characteristics. When 
reinforcement is required, materials such 
as fibreglass, mica, stainless steel or 
carbon fibres, or other non-orienting fill-
ers are added to the formulation. Today, 
PBT-based products are used in virtually 
every type of industrial, medical, and 
consumer application.

The electrical connector shown here is 
manufactured from PBT and contains 
30% glass fibre reinforcement. In addi-
tion to the engraved mark (typical of 
CO2 lasers), a dark contrast is produced 
by the reaction of the glass fibre to the 
laser beam, creating an easily readable, 
contrasting mark.
In many cases, when reinforcing filler 
materials are added to plastic formula-
tions, CO2 lasers can create contrasting 
marks in a less expensive and much 
safer manner than shorter wavelength 
YAG lasers.
Laser Marking Glass Mirrors
Sealed CO2 lasers are used in a variety 
of industrial processes including cutting, 
welding, drilling, and marking. 

Glass marking is a proven application 
for CO2 lasers and mirrored glass is no 
exception. The silver surface is ablated 
and the underlying glass substrate is 
fractured in a controlled manner, as in a 
normal glass mark. In this way text and 
bar codes marked on the mirror's back-
side are easily visible from the front.
Contact: Gary Broadhead 
E: garyb@laserlines.co.uk

Optimal laser marking of any plastic
The Trumpf 
TruMark Series 
3000 and 6000 
laser markers offer 
a wide range of 
wavelengths to 
meet the material requirements of the 
widest variety of plastics. These small 
footprint systems can be directly inte-
grated into automated manufacturing 
lines and their open architecture allows 
quick and easy connection to existing 
control networks.

A new addition to the series is the 
TruMark 3130 with a high frequency (30 
to 100 kHz) yttrium-vanadate laser that 
is ideal for high precision applications 
such as day and night design. 

Another new addition is the TruMark 
6330 whose UV laser output makes it 
ideal for marking flame resistant plastics.  
This model features a dual laser head 
system that can mark at 2800 charac-
ters per second with a single-line font of 
1 mm character height.  
Contact: Gerry Jones 
E: g.jones@uk.trumpf.com

Top marks for top labs
STFC Rutherford Appleton Laboratory 
has recently purchased a fibre laser 
marker system from Panasonic Electric 
Works UK Ltd. 

The Sunx LP-V15U-C is a fibre amplified 
ytterbium laser marker offering excellent 
quality marking even at high speeds. It is 
being used primarily to mark metal tar-
gets with traceability codes that will be 
used to track pioneering research into 
high power laser interactions; also to cut 
thin metal foils for research purposes.

As a government funded institution 
STFC had to ensure that the Laser 
Marker and perhaps more importantly 
the technical support was ‘future proof’; 
Panasonic, as one of the largest elec-
tronics companies in the world, was able 
to provide this assurance.

Along with Laser Markers, Panasonic 
Electric Works UK is a supplier of a wide 
range of factory automation equipment 
Panasonic claim to be the only supplier 
to offer a full traceability solution from 
their entire product range.

The new SUNX Catalogue detailing a 
comprehensive range of sensing prod-
ucts and laser markers is available on 
CD ROM or hard copy.  
Contact:  Peter Bromley 
E: p.bromley@eu.pewg.panasonic.com

Precise perforations enhance shelf life
The shelf-life of per-
ishable food has a 
great influence on its 
value. The freshness 
of these products is 
largely determined 
by the use of perfo-
rated packaging to 
provide air-ventila-
tion while preserving 
humidity. The ability 
to control and optimise the hole dimen-
sions can further enhance the shelf life 
of fresh food products and the demands 
of packaging technology are increasing. 

When a perforating laser pulse hits 
packaging on a fast moving web the 
resultant hole can become visibly oval 
and as a result the packaging may not 
meet the specified air exchange require-
ments. Historically, this issue has been 
addressed by operating at reduced web 
speed, often resulting in higher produc-
tion costs.  

Rofin’s new WMC technology allows 
precise perforation on fast moving mate-
rial, including some that previously could 
not have been processed at profitable 
rates, such as thick films (> 100 µm) and 
films comprising sophisticated mate-
rial combinations. Rofin’s WMC system 
operates from start up (0) to greater than 
500 m/min. dramatically cuts material 
waste and in some cases quadruples 
previously achievable web speeds. 

Rofin's CO2 sys-
tems business unit, 
located in Starnberg 
is the global market 
leader in the food 
packaging industry 
sector and is the 
only supplier to 
provide not only the 
laser source but a 
complete solution. 
Rofin use their own laser sources as 
a starting point and match them with 
optics, scanner heads, machines and 
software to provide the optimum techni-
cal solution. A graphical user interface 
allows user-friendly control of the entire 
system including previews of possible 
perforation and scribing speeds.

All systems produced by Rofin are 
backed by the worldwide sales and serv-
ice network providing timely response 
and support to any location in the field.

Contact: Dave MacLellan 
E: sales@rofin-baasel.co.uk

Precise perforations 
for easy ventilation 
provide longer shelf 
life of fresh food

Laser perforated array 
for easy ventilation 
of micro wave food 
packaging

A slightly engraved, 
contrasting mark 
created using a 
Synrad FH Series 
marking head and 
25W power. It took 
only 0.14 s to mark the 
eight-character string 
on each connector.

ECC200 Data Matrix 
code marked using a 
Synrad Firestar v40 
laser, FH Series marking 
head and WinMark Pro 
laser marking software. 
Cycle time to mark the 
15-character code was 
1.09 seconds and the 
resulting mark could be 
scanner-read on both 
sides.
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Light engraving, in which typically a 
trench between 5 and 25 µm deep is 
created, is most commonly used as a 
form of laser marking. This contrasts 
with the deep engraving process, 
which is used in the making of moulds 
and dies, stamps, etc. Both forms of 
engraving can be carried out on a wide 
range of metals and some plastics. 

Advantages of Laser Engraving
Lasers have many advantages over 
older technologies such as machining; 
mainly non-contact processing (no tool 
wear), and greater resolution and preci-
sion (giving the ability to engrave more 
complex patterns and images).

Pulsed fibre lasers 
have recently 
shown promise 
in the field of 
laser engraving. 
Compared to other 
laser types they 
can offer better 
quality (thanks to 
the short pulse 
duration, which 
minimizes thermal 
effects) and, with 
high peak power pulses, faster process-
ing speed.

Using SPI’s G3 Pulsed Lasers
SPI Lasers' G3 pulsed fibre laser offers 
peak power, high pulse repetition rate, 
and the ability to fine-tune operations 
for best results. For laser engraving this 
means reduced processing times, clear-
er marks and better mark depths.

When performing deep engraving (see 
the two examples below) higher pulse 
energies and higher peak powers are 
required to achieve greater ablation, 
and scan speeds need to be lower 
for greater spot overlap. Typically this 
means slower speeds.

Laser engraving of silver
Using SPI Lasers’ G3 pulsed laser com-
plex decorations can be engraved into 
silver (Figure 1).

For this example, the Laser was operat-
ing from CW-500kHz giving total control 
of peak power and the pulse energy 
giving fine processing control. First the 
engraving was made using two cross-
hatch passes at 2m/s and at 25kHz 
Waveform. This removed a depth of 
approximately 0.13 mm. A final pass 
was made smoothing the engraved 
surface and whitening the mark. This 
was done as a single pass at 3m/s at 
250 kHz.

Laser engraving in tool steel
Tool steel can be deep engraved using 
SPI’s G3 pulsed laser, see figure 2. 

In this case three passes were made. 
The first two passes perform the 
engraving (@ 1 mJ/pulse) down to 0.3 
mm deep while the last pass (@ 300 
kHz) polished the surface, leaving a dis-
tinctive mark. 

Andy Appleyard  
Andy.Appleyard@spilasers.com

Example of deep 
engraving by an SPI G3 
pulsed laser

C
ourtesy LM

co
Figure 1: Silver engraving with a 30 W G3 laser

Engraving with a fibre laser

Figure 2: Precision 
deep engraving in tool 
steel 

Sample supplied by 
ACSYS Lasertechnik 
GmbH

Welding
Modular Diode Laser System Offers 
up to 400 W of Power
A new turnkey 
diode laser system 
from Coherent 
offers modular 
flexibility and out-
put power of up 
to 400 W at a wavelength of 976 nm. 
Specifically, the HB-Diode laser system 
can be configured with from one to four 
100 W diode modules, and the output 
from each diode module can then be 
fibre-delivered individually, or combined 
into a single, 0.22 NA (200 µm core) 
delivery fibre, depending on the needs of 
the industrial application. This new sys-
tem also achieves industry leading MTTF 
(mean time to failure) and operating life-
time characteristics through the use of 
Coherent’s proprietary in-house epitaxy 
and packaging technology.

With its easily customized output, the 
HB-Diode system can service a variety 
of industrial processing needs, such as 
plastics welding for microelectronics, 
medical and automotive applications, 
and soldering electronics and solar cell 
panels. For solar cell assembly, it offers 
substantial advantages over traditional 
soldering technologies, such as induc-
tion heating. In particular, laser process-
ing improves yields by enabling better 
control of the heat delivered into the 
part, thus resulting in lower thermal gra-
dients, less residual stress, and overall 
reduced breakage.  For plastics welding 
applications, the high power output of 
the HB-Diode system provides increased 
throughput over lower power lasers.  
This can be achieved by using a single 
beam at a high feed rate, or by using 
multiple, lower power output beams for 
parallel processing.  
Contact: Roy Harris
E: sales.uk@coherent.com

For the body of the new Peugeot 3008, 
PSA Peugeot Citroën is using three 6 
kW TruDisk 6002 lasers as well as a 4 
kW TruDisk 4002 to weld the doors and 
body reinforcements. Instead of indi-
vidual spot welds, the disk lasers lay a 
full-length weld seam. 

"The full-length weld seam enables us 
to achieve high body stiffness in our 
new Peugeot 3008," says Jean-Charles 
Schmitt, Product and Process laser 
manager at PSA, who describes the 
benefits of laser welding.
In addition, the use of the disk laser 
allowed PSA engineers to develop new 
design options. "Compared to conven-
tional spot welds, the use of full-length 
laser weld seams of a specific design for 
car body manufacture means less sheet 
folding and thickness, saving about 5 kil-
ograms of weight per vehicle,” explains 

Schmitt. Similarly, PSA can also increase 
the size of the rear-quarter windows, 
allowing better visibility for the driver 
and the passengers.
The four TruDisk lasers are coupled by 
the Trumpf LaserNetwork to supply ten 
processing stations for welding. 'With 
this network design, PSA does not need 
any backup laser source,” says Schmitt. 
In case of a problem PSA can manage 
with the three remaining sources, with 
little production loss".
Contact: Gerry Jones 
E: g.jones@uk.trumpf.com

Trumpf disk lasers weld doors and body reinforcements of new Peugeot 3008
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One sector of the growing healthcare 
industry that is expanding particularly 
rapidly is the dental market and there 
are already automated processing cen-
tres producing dental restorations of the 
highest accuracy by laser-sintering EOS 
CobaltChrome SP2, a biocompatible 
and CE-certified material. 

According to a survey by The 
Millennium Research Group, the 
European market for dental crowns and 
bridges is predicted to grow annually 
by an average rate of 8% until 2012. 
Almost half of the market for crowns 
and bridges is in Germany, and was val-
ued at US$ 900 million in 2007.

Technological advancements in the field 
of dental care are contributing to this 
by employing production methods like 
laser-sintering to provide dental resto-
rations that are simultaneously more 
affordable, more readily available and of 
high quality.

Until now, dental implants have tradi-
tionally been made out of metal via a 
casting process which enables a techni-
cian to produce 20 dental frames per 
day.  One fully-automated laser-sintering 

machine can produce up to 450 parts 
for dental crowns and bridges within 
24 hours, and of the same consistently 
high quality.

The time savings and the financial 
advantage that dental laboratories gain 
are huge. The messy tasks of deflask-
ing and cleaning moulds are dispensed 
with, allowing the dental technician to 
concentrate on his or her core com-
petence, namely the post-processing 
of the metal structure and its aesthetic 
upgrade – ceramic veneering.

The technological heart of dental e-
Manufacturing, the EOSINT M 270 laser-
sintering system, can produce dental 
implants by direct metal laser-sintering 
(DMLS) using a focused, solid-state laser. 
The machine is fed with CAD data to 
produce the most complex of geometries 
with excellent mechanical properties, 
surface quality and detail resolution. 

Martin Bullemer of EOS commented, “I 
am convinced that cost control as well 
as flexible and rapid product cycles will 
determine the future of the dental indus-
try.  Manufacturing with laser-sintering 
offers both of these advantages."

The further development of dental CAD/
CAM applications with new impression 
and intraoral scanners will make it pos-
sible to send high-quality data directly 
to the processing centre. The only thing 
missing would be a dental model for 
occlusion testing and post-processing, 
or a workpiece holder for use during 
veneering.

Such a model can be laser-sintered on 
a FORMIGA P 100 from PA 2200 pow-
der, a top-quality plastic, on the basis 
of already available data. Consequently, 
laser-sintering provides a complete 
solution for the manufacture of dental 
implants.
Contact: Stuart Jackson 
E: stuart.jackson@eos.info

Laser-sintering for automated manufacture of dental crowns and bridges
Process case studies

The advent of highly reliable, efficient, 
short pulse UV lasers has lead to their 
adoption in a wide variety of demanding 
processes. Attractions of UV processing 
include: high absorption in most materi-
als; tighter focusing and 'cold' (photo-
ablative) processing. 

Recent advances in the design and 
manufacture of solid state UV lasers, 
such as the Coherent MATRIX have 
made these products more efficient and 
reliable than before. The MATRIX UV 
series are diode-pumped, solid-state, 
Q-switched lasers are available with 
output powers from 0.5 to 1.5 W at 
355 nm, and a pulse width in the 10 to 
30 nsec range.  

One important application that benefits 
from short pulse UV lasers is stereo-
lithography using a photopolymer resin. 
The laser generates a new layer by 
scanning its beam over a bath of the 
photopolymer, tracing out a cross sec-
tion of the desired shape. Exposure to 
UV laser light causes the photopoly-
mer to solidify and adhere to the layer 
below it. After a layer is traced, the part 
is lowered slightly in the photopolymer 
bath, and the laser traces the next layer.  

Finally, the completed part is cleaned in 
a chemical bath and cured in a UV oven.  

Originally, stereolithography was used 
for rapid production of prototype parts, 
but over the past few years, advances 
in resin materials, the development of 
dual-spot writing technology, and the 
availability of more efficient and cost 
effective lasers like the MATRIX UV, 
have improved significantly the econom-
ics and mechanical properties of parts 
manufactured this way. As a result, this 
process is being increasingly used for 
small batch production of fully function-
al parts in applications such as medical, 
electrical, telecommunications, white 
goods, and even motor racing. 

The maximum horizontal writing resolu-
tion and therefore the parts dimensional 
precision and surface roughness are 
directly dependent upon the laser beam 
quality and pointing stability. Power and 
pulse-to-pulse stability and control also 
directly impact surface quality. In the 
case of the MATRIX UV, the laser pro-
vides a nearly diffraction-limited, TEM00 
beam with excellent pointing stability 
and low noise, extreme reliability and 
lifetime. Its driver concept allows the 

complete control over every pulse. This 
results, for example, in an effective first-
pulse suppression or a pulse-to-pulse 
adjustment to the acceleration/decelera-
tion phases of galvanometer scanners, 
coordinate tables, gantries etc. (which 
generate a relative movement between 
workpiece and laser beam). The process 
quality becomes homogeneous from the 
start point of a process trace (e.g. a cut-
ting or scribing line) to its end.

Volker Pfeufer is Product Marketing 
Manager, Coherent GmbH, Luebeck, 
Germany
Contact: Volker.pfeufer@coherent.com

Steriolithography with pulsed UV laser

Stereolithography has evolved from a rapid 
prototyping method to a process for producing 
actual, functional parts, such as this oil-catch-
tank from a racing car as used at LeMans.
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Metal Processes (1959) Limited, one of 
the UK’s first flat bed laser cutting sub-
contractors, recently placed two sepa-
rate orders for Bystronic laser cutting 
systems, a ByVention and a BySpeed. 
The orders total in excess of £650,000.

Metal Processes chairman and director 
John Hayward commented: “With laser 
technological advances improving each 
year, companies have to follow laser 
specialists trends and invest in order 
to expand and provide their customers 
with the best service possible from the 
best machines available.”

When it came to updating a laser cut-
ting machine Mr Hayward analysed 12 
months of incoming orders received by 
Metal Processes and concluded that 
59% fell into a footprint of 700 mm x 
1500 mm.  Not only this, due to space 
restrictions, a new laser had to be able 
to occupy the space left by its prede-
cessor. The new machine had to handle 
a large amount of work but have a small 
footprint. 

Metal Processes has several Bystronic 
laser cutting systems and all share the 
same software. “We naturally went to 
Bystronic when looking at a new laser," 

said Mr Hayward.  "We work actively 
with Bystronic and the software is com-
mon to all the machines.  In addition, 
we have four qualified CAD engineers 
competent in the use of the Bysoft 
software making light work of urgent 
requirements and the service offered by 
Bystronic meets our demanding needs.”

Bystronic advised Mr Hayward to look 
at the ByVention, particularly because of 
its cutting area of 1562 x 772 mm and, 
when equipped with the 2.2 kW resona-
tor, its ability to cut a maximum sheet 
thickness of 4 mm for aluminium, 6 mm 
for stainless steel and 8 mm for mild 
steel. One major characteristic of the 
ByVention is its compact design, requir-
ing just 6000 x 6000 mm of floor space 
and therefore was ideal for the available 
space.

“The production outputs we are achiev-
ing per square metre of machine spaces 
makes the ByVention a very productive 
laser cutting system,” continues Mr 
Hayward.  “It is very easy to set up and 
also very accurate which is essential to 
our business.

Just months after investing in the 
ByVention Metal Processes purchased 

a BySpeed laser cutting centre. The 
Byspeed is Bystronic’s fastest Laser 
cutting machine capable of cutting 600 
holes per minute with simultaneous 
accelerations of over 4G.

“We had two Bysprint lasers six years 
old and we have had many hours of 
cutting out of them running multiple 
shifts. However, they were costing 
money to maintain each year and we 
felt that in this economic climate it was 
prudent to reduce and even eliminate 
our variable costs," said Mr Hayward. 
“We took the decision to replace both 
the BySprint lasers with the single 
BySpeed laser cutting centre, which will 
provide greater productivity.  ”

Contact: Dave Larcombe 
E: david.larcombe@bystronic.com

AL.PI Srl, located in Rosà in the prov-
ince of Vicenza, Italy, has been in the 
precision metal fabrication and stainless 
steel, iron and aluminium tube process-
ing business since 1985. The family-run 
company with 15 employees is man-
aged directly by the owners. 

The activity is substantially divided into 
two production lines: the traditional one 
that gave origin to the company in the 
processing of hydraulic tubular com-
ponents for industrial cleaning systems 
used in restaurants, bars and com-
munity centres; and the most recent 
division relating to the service sector for 
furniture, solar and photovoltaic panel 
supports, automobile and farm equip-
ment components.

Lasertube planning
The extensive know-how that has been 
grown from the processing of stainless 
steel for washing machine components 
using materials such as AISI 304 and 
316 that are not easy to cut, punch, 
lathe or weld has been a launching 
pad for the introduction of lasertube 
processing and for the development 
of a service centre. 80% of the tubes 
currently used are laser processed 
according to the specifications using 
three ADIGE systems. Other opera-
tions include fabrication of structural 
steelworks, end machining, forming and 
TIG/MIG welding with associated tight-
ness tests. 

“Since the first Lasertube LT652 sys-
tem that was installed in 2001, we have 
come a long way as far as technology is 
concerned” recalls the production man-
ager Davide Moresco. “Customers have 
understood the potential of using tubes 
and are now able to design components 
for laser cutting”. 

AL.PI Srl recently moved to new facili-
ties that are more like a laboratory than 
a mechanical workshop. The wide range 
of samples gives testament to how a 

broad range of technologies can be 
brought together, combining the “cut 
& bend” feature on a round tube to 
achieve tight bends from a single piece, 
or creating a tank by using 150 mm 
diameter tubes, cut and tested for water 
tightness. 

The company is currently in the process 
of ISO 9001 certification, but has been 
working in compliance with the stand-
ards for some time now; an acknowl-
edgement that has already been con-
firmed by the market, which day after 
day makes AL.PI Srl a successful small 
company

Contact: Paul Lake 
E: paul@blmgroup.uk.com

Investment to eliminate variable costs

AL.PI Srl expands tube processing business
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Ebtech Industries Pty Ltd is a 
Melbourne, Australia-based engineer-
ing job shop that specialises in welding 
and marking processes. Established 
30 years ago, the company provides 
electron beam welding and laser mark-
ing services to the automotive, aviation, 
manufacturing and general engineering 
industries. 

Ebtech found that the electron beam 
welding process it was using for stain-
less welding or cutting was not suit-
able for high volume components.  
“Flexibility and the ability to manu-
facture components quickly is a great 
advantage for us, one that was worth 
investigating alternative methods for,” 
said Mike Jenkins, owner of Ebtech:

Ebtech Industries began the search for 
a new process about three years ago. 
The company was made aware of the 
laser technological capabilities of GSI’s 
laser products through a new supplier, 
Raymax Lasers®, based in Australia. 
Mike Jenkins flew out to GSI’s applica-
tions laboratory in Rugby, UK to see the 
products for himself. This exposure led 
to the decision to proceed with laser 
processing and to purchase from GSI.

Ebtech selected the GSI JK450HP  Nd:
YAG laser system (peak power 10 kW, 
PRF 1000 Hz, 450 W average power) 
, supplied by Raymax Lasers®. It is 
engineered for production environments 
and is capable of welding, drilling and 
cutting a wide range of metals. The 
reach of the robot allows components 
that can fit into a cubic metre to be cut 
or welded.

“We chose the 745 because it is a power 
machine with good flexibility to perform 
many different kinds of applications,” 
said Jenkins. “We need that because we 
deal with many different kinds of proc-
esses every day. It fills a requirement 
for a hi-tech welding process that fits 
between the current electron beam weld-
ing process and general welding proc-
esses such as TIG and MIG”

The laser is delivered via a fibre optic to 
welding or cutting optics that focus the 
laser for the process. A Motorman 20kg 
Payload Robot manipulates the working 
optics. The working optics and robot 
are completely enclosed inside a work 
cell installed with full interlocks for safe-
ty. A rotary chuck allows circumferential 
welding and cutting of round jobs.  

Since installation there has been a 
steady increase in interest and jobs for 
Ebtech. The company’s laser welding 
applications’ knowledge and capability 
has increased with the help of Raymax 
and GSI, resulting in even more work 
coming into the shop.

The GSI laser has increased the kind of 
work Ebtech can offer. Says Jenkins: 
“The higher throughput compared to 
electron beam welding has gained new 
jobs that we would never have had the 
opportunity to do due to time and cost. 
We can now offer new processes such 
as light, small-run cutting.”

Contact: John Chinn 
E: jchinn@gsig.com

Fantini Cosmi is a well established 
media company in Italy. Its extensive 
portfolio includes a range of pressure 
regulators for liquid and inert gas, suit-
able for steam boilers, dyeing machines, 
irrigation and more.
The pressure switches involve a mem-
brane in contact with the fluid, in a 
stainless steel housing. To improve the 
welding production process the com-
pany chose to invest in laser technol-
ogy, with a SL120 Nd: YAG laser system 
from Sisma.
"Until 2007 we used conventional spot 
welding. It was a technology that was 
and would have been more than suf-
ficient to support normal production 
requirements over the year, but that in 
periods when demand was higher, it 
could become problematic and insuffi-
cient for satisfy demand," said Gaetano 
Tavani, who is responsible for the 
Fantini Cosmi pressure switch range.
"One option would have been to estab-
lish a warehouse but this would require 
heavy investments. Many products are 
seasonal and our network is not always 
able to plan in advance. We decided 
instead on a laser welding system 

designed by Sisma. In terms of yield, 
the (fully automated) cycle time per 
component is around 15 s, compared to 
around 30 s by hand. Also, to maintain 
good performance of the previous sys-
tem, about 8 hours a week could be lost 
to replacing tips, every two hours (200 
welds). Today, you turn the machine 
and the laser and you are able to pro-
duce," Mr Tavani stressed. "Allowing for 
set-up and maintenance time, we have 
achieved a quadrupling of yield," he 
added
The SL120 Q-switched Nd: YAG laser 
and fibre delivery has been developed 
by Sisma for welding in automated 
manufacturing processes that require 
great precision and speed of welding. 
Precisely because of its versatility and 
the use of fibre optics and focusing, it is 
extremely easy integrated onto produc-
tion lines. The beam is split to simulta-
neously weld two components at once. 
"The laser is in an enclosure typically 
used in marking applications," explains 
Antonio Venice, area sales manager 
Sisma. "A rotary table carries two work-
pieces, each mounted on a motorized 
spindle that allows the rotation of the 
workpiece under the fixed laser head. 

In practice, a piece is placed on a spin-
dle, the table rotates to position the 
workpiece under the laser source, and a 
circumferential weld is made." 
"The stages of sampling the product 
and optimization of the process have 
shown that the adoption of laser Sisma 
offers significant advantages," said 
Gaetano Tavani. "In fact now we have 
a lot of available machine time that we 
hope to fill by increasing sales or diver-
sifying production. The time taken to 
change to a new product line is much 
less than previously; indeed, it is quite 
insignificant.  

Contact: SISMA S.p.A.  
E: info@sisma.com

GSI/Ebtech Industries laser welding cell

Laser spot welding quadruples production
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Turbine engine repair and refurbishing 
is a rapidly growing business requiring 
specialized equipment and experience. 
Leading engine manufacturers are 
more frequently outsourcing this activ-
ity, demanding the highest quality work 
from their suppliers. This requires a 
dedication to continually improving the 
laser processes and quality while pro-
viding fast turnaround time. 

TL Precision Welding, Inc. of Houston, 
Texas is a 12 person laser contract shop 
started in 1997 that serves this impor-
tant and growing area of the turbine 
engine industry. The success of their 
early engine refurbishing work has led 
to new opportunities in laser process-
ing, company growth and a broadening 
of TL Precision’s laser capabilities. In an 
era of general economic decline, this is 
an industry niche with promising growth 
simply because of the sheer number 
of turbine engines, both land based 
and aero engines in operation and the 
constant need for engine maintenance. 
One leading turbine engine manufac-
turer for aircraft alone reports 25,000 
engines in active service, all of which 
are continuously monitored for periodic 
maintenance. The high value engine 
components, such as turbo combus-
tors, nozzle guide vanes, blades and 
other transition parts, for both land and 
aerospace engines, are regularly refur-
bished and put back into service. To 
keep maintenance costs as low as pos-
sible and to extend time between over-
haul, engine manufacturers are requiring 
suppliers like TL Precision to improve 
their processes.

TL Precision has met this challenge 
by becoming an expert at refurbishing 
these components but also positioning 
itself with new equipment and skills to 
handle new laser machining work as 
well. In 2008, TL Precision purchased 
their second system from Laserdyne 
Systems, maintaining a tradition com-
monplace for Laserdyne System users. 
TL Precision uses these systems for 
drilling difficult to machine materi-
als such as Inconel 617, Titanium and 
Hastelloy X. These are the base mate-
rials used to make land based gas 
turbine engines. The result -- the com-
pany is attracting substantial new laser 
processing work.

Recreating Turbine Engine Holes
A significant amount of engine over-
haul calls for the repair and refurbish-
ing of engine components’ air flow 

holes. Large combustor components 
have thousands of these small airflow 
holes of various sizes and shapes. The 
holes are designed to maximize engine 
thrust by selectively cooling critical 
components, and are precision drilled 
using laser processes in carefully plot-
ted, complex patterns over the part’s 
contoured surfaces. These holes are 
contoured and angled to the part sur-
face to maximize air flow, reduce engine 
noise and minimize fuel requirements. 
Hole angles vary from 90° to just 20° to 
the surface and require a high degree 
of complex and agile positioning and 
dimensional precision. 

The challenge with refurbishing air flow 
holes in these complex parts is that they 
must be “re-created” in the same posi-
tion and with the identical size of the 
original part as when new, according to 
Quang Tran, president of TL Precision.

“Recreating precision holes in a used 
part is often more difficult than gen-
erating precision holes in a new part,” 
reports Mr. Tran. “In recreating the hole, 
there’s no margin for error because 
most of the holes are positioned closely 
together and have diameters as small 
as .5 mm and a tolerance as tight as 
±.05 mm." 

“Our Laserdyne 790 BeamDirector sys-
tems are the keys to doing this work 
successfully,” reports Mr. Tran. “These 
systems are often the same models 
used by OEM’s to make the parts 
originally so there are both hardware 
and software compatibility which helps 
facilitate the refurbishing process. Using 
the same programming coordinates as 
when the part was processed new, our 
operators employ Laserdyne’s “through-
the-lens” viewing feature to re-establish 
the hole location and align the laser 
beam to it.”

TL Precision utilizes percussion drilling 
to cleanly and accurately remove from 
existing holes the exhaust refuse and 
other foreign material that has built up 
during engine operation. Trepan drilling 
is less frequently used in engine refur-
bishing.  

“With our new Laserdyne 790 system 
we have current technology in our laser 
systems and trained operators that 
can easily process new parts when we 
get this kind of order. We are using all 
of Laserdyne’s automatic and quality 
features that are designed into their sys-
tems,” reports Mr. Tran.

New laser processing work 
Mr. Tran and his laser system operators-
make full use of the Laserdyne multi-
axis laser technology. Take for example, 
Laserdyne’S Automatic Focus Control 
(AFC™) feature. “What we often must 
do manually to recreate a hole, we can 
do automatically to make new holes in 
new parts with AFC,” reports Mr. Tran. 

AFC guides the motion system, main-
taining critical focus position and fol-
lowing the contour of the part regard-
less of slight surface irregularities. With 
AFC, all machine axes react to sensing 
of the part surface, creating unlimited 
R-axis correction with high speed and 
unmatched sensitivity. AFC also allows 
top machine speeds so productiv-
ity is maximized without downtime or 
scrapped parts.

Another important capability with Mr. 
Tran’s laser systems is percussion 
“drill-on-the-fly”. The hole placement 
is a function of rotational speed and 
laser pulse frequency. If multiple pulses 
are required, “drill-on-the-fly” software 
synchronizes the part movement to the 
laser pulses, ensuring that multiple puls-
es are delivered to the same location. 
By changing the laser pulse energy, 
pulse count or lens focal length, the 
characteristics of the drilled hole size 
and taper can be controlled to meet the 
requirements of the part. 

“We continue to build on our laser 
processing knowledge with these 
Laserdyne systems,” reports Mr. Tran. 
“Laserdyne engineers are always avail-
able for consultation and additional 
training if we need it.  Our systems have 
tremendous capabilities and we contin-
ue to have nothing but positive results 
as we acquire more varied and difficult 
part projects.”
Contact: Mark Barry 
E: mbarry@prima-na.com

TL Precision Welding, Inc. develops new methods for refurbishing turbine engine components

Recreating cooling holes in the same position 
and with the same specification as the original
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The Faculty of Engineering at Imperial 
College London has greatly extended 
the manufacturing facilities available 
to its undergraduates and research-
ers by investing in a laser profiler. The 
machine, a pre-owned 1.5kW LVD 
Helius, was supplied by Rugby based 
Manufacturing Service Solutions (MSS), 
specialists in laser cutting machinery 
and nitrogen generation plants. 
“We have an internal market for our 
manufacturing processes which include 
CNC milling and turning, rapid prototyp-
ing, hard metal machining and fabrica-
tion," said Graham Gosling, Design & 
Technical Manager of the Department of 
Mechanical Engineering. "For profiling 
sheet metalwork we only had a punch 
press. The improved accuracy and new 
capabilities of laser cutting will be a sig-
nificant addition.” 
The installation of the laser provides 
much greater scope for innovation and 
originality in the students’ and research-
ers’ work, enabling them to produce 
forms which would previously have 
been virtually impossible or too time 
consuming to achieve.
Designs are produced in Solid Works 

and transferred as .dxf files to the 
Lantek CAD/CAM system which pro-
duces the profiling path for the laser. 
Graham adds: “MSS was very efficient 
and flexible, providing us with the 
resources to enable us to be self suf-
ficient as quickly as possible.”
The LVD machine is already being used 
to manufacture the multiple wing spar 
templates for the Imperial College entry 
in the June 2009 Red Bull Flugtag 
where competitors aim to achieve man 
powered flight. Graham says, “The laser 
has enabled us to produce a continually 
changing wing profile, which this year 
should provide much better perform-
ance and lift. Not only will the laser ena-
ble us to produce more sophisticated 
and precise metal parts, but we antici-
pate that we will soon be cutting other 
materials such as Perspex and MDF 
once we have improved the extraction. ”
The machine will be invaluable in the 
Formula Student competition. This 
is run by the Institute of Mechanical 
Engineers and its aim is to produce a 
prototype single seat racing car whose 
design incorporates aesthetic, cost and 
performance factors. So far the laser 
has been used to produce a pedal box, 

but it is anticipated that bodywork, fas-
cia panels, and many other sheet metal 
components will also benefit from the 
new technology. Supported by outside 
sponsorship, the college is building 
two cars powered by BMW motorbike 
engines. Graham says, “The LVD is cru-
cial to this project, as there is a consid-
erable amount of precision metalwork 
involved.”
Graham concludes, “The technology is 
inspirational for students who are con-
tinually asking for time on the machine. 
It is probably the most significant piece 
of equipment purchased by the work-
shop over the last 20 years.”
Contact: Carlos Gonzalez-Lee 
E: carlos@mss-lasers.com

Stockholding in the past equated to lit-
tle more than ‘breaking bulk’; buying in 
volume from mills and selling on smaller 
quantities to lots of different custom-
ers. However, as customers began 
to request material ‘cut-to-length’, 
stockholders responded by offering a 
processing service using relatively low-
tech equipment such as bandsaws and 
circular saws. Says Ralph Robinson, 
Managing Director of Barrett Steel Ltd’s 
Tubes Division: “We then realised that 
what customers actually wanted was a 
finished component, and we knew we 
could both justify and fund the purchase 
of the high-tech equipment needed to 
deliver exactly that, while taking cost 
out of the customer’s manufacturing 
process.” 

The first step was to set up LaserTUBE 
Cutting, initially as a subsidiary of ISO 
9001:2000-accredited tube and hollow 
section stockholder Tubes (UK) Ltd, 
to process stainless steel hollow sec-
tions for the coach-building industry. 
Now a separate company within the 
Barrett Steel Group, one of the largest 
independent steel stockholders in the 

UK, LaserTUBE Cutting in partnership 
with Tubes UK provides what Ralph 
Robinson describes as “the total solu-
tion in processing tubes and hollow 
steel sections.” 

As part of a continuing investment pro-
gramme LaserTUBE Cutting installed a 
48 m x 20 m wide, £1.25 million, tube 
laser alongside its four existing laser 
machines. Nine lorries were needed in 
November 2007 to transport the com-
ponent parts of the aptly-named BLM 
ADIGE LT JUMBO CNC tube laser to 
the Tividale, West Midlands site where 
it now processes round tube from 80 to 
508 mm diameter, square hollow section 
up to 400 mm by 400 mm and hollow 
sections up to 500 mm by 300 mm in 
cutting thicknesses up to 16 mm. The 
maximum length of tube that can be 
loaded automatically is 18 metres. 

Only the fourth to be installed world-
wide and the first to be installed in the 
UK, the LT JUMBO, which has two 
Siemens 840D CNCs controlling up 
to 28 axes, is housed in an extended 
100,000 sq. ft. building situated adja-
cent to more than 5000 tonnes of 

hot and cold formed tube and hol-
low section stock held by Tubes UK. 
LaserTUBE Cutting can machine the 
whole of the Tubes UK range for a wide 
range of customers. 

“We now have several years’ experi-
ence of laser cutting, so rather than 
just quote against a drawing we look at 
ways of enhancing a design and making 
manufacture easier and less costly. All 
of a sudden, the buyer doesn’t have the 
final say, because discussions focus on 
more than price and delivery, and it’s no 
exaggeration to say that laser cutting is 
revolutionising the way in which tubular 
components are produced.”  
Contact:  Jon Curtis   
E: sales@blmgroup.uk.com

Imperial College – a first with lasers in South Kensington

Graham Gosling with wing template

Full details of all news items in the magazine, plus additional news items, can be found on the AILU web site

CNC tube laser provides stockholder with the ultimate in tube processing performance
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This small hollow titanium ball with 
its fine intricate pattern illustrates the 
capability of additive layer manufactur-
ing for building intricate shapes, mak-
ing it an ideal technology for the ortho-
paedic, device implant, and aerospace 
markets. 

Manufactured on the EOS EOSINT 
M 270, the process, described by the 
manufacturer as Direct Metal Laser-
Sintering (DMLS) starts with a CAD 
file that defines each layer of a cross-
sectioned model. Metal powder layers 
20 to 40 µm thick are deposited onto 
the build platform and is sintered by 
a focused laser beam. The platform is 
then lowered and the process repeated 
layer-by-layer until the 3D metal part is 
produced. Even parts with extremely 
complex geometries can be grown in 
just a few hours. 

Additive manufacturing can also be 
applied for mass customization (e.g. 
dental implants on p12) and repair, as 
well as creating device tooling, inserts 
for moulds, and short-run or custom-
metal parts for field use.

Most GORGEOUS PART

WELCOME TO NEW  
CORPORATE MEMBERS

Attica Components Ltd

Electro Scientific Industries 
Europe Ltd

Walkersteel Ltd

Optics revolutionise laser 
scanning potential

For high speed and/or large aperture 
scanning mirror applications including 
marking and remote cutting and welding, 
optical grade silicon carbide mirrors offer 
a unique combination of low inertia and 
high stiffness, significantly outperforming 
all conventional scanning mirror materi-
als including silicon, fused quartz and 
beryllium.

The production techniques for this 
super-hard ceramic, traditionally used as 
an abrasive, were first developed for the 
space industry. German-based optoSiC 
refined the production technique to cre-
ate optoSiC+, a specific optical grade 
of SiC. The process begins with silicon 
carbide powder, compacted into a 
‘green’ block. The part is then fast-sin-
tered using a unique patented secondary 
compaction technique, which gives it its 
homogeneity and sets up the optical sur-
face performance, prior to polishing.

The photo shows optoSic's Chief 
Technical Officer and AILU member Steve 
Hastings at the Munich show revealing 
the ribbed back of an optoSiC+ mirror. 

The red triangle in the picture is pro-
duced by a 20 mW HeNe laser and a 
scanning system employing 20 mm 
aperture optoSiC+ mirrors. "Those in the 
know are greatly impressed by this trian-
gle" commented Steve. "The scanning 
speed is 22 rads/s yet the corners of 
the triangle are clean and sharp, with no 
'laser display' overspill," he added.

Contact: Steve Hastings 
E: s.hastings@optosic.com

At AILU's Job Shop 08 business meet-
ing the issue of bulk gas storage was 
discussed. I understand that John 
Powell suggested that at the final 
negotiations with the gas company we 
should ask for a clause to be added 
that the tank will be removed at the 
completion of contract for £1000. What 
is this all about?
Lets imagine that it 
is four years since 
you signed a three 
year gas supply 
contract and you 
want to change 
supplier. You might 
think that, as the 
contract expired a 
year ago, it would 
be rather easy to cease trading with 
your present supplier. However, you 
might find that there are two impedi-
ments to a quick divorce: 

1. It is common practice for the original 
contract to include a clause which 
states that, even after the original 
contract ends, you need to give 12 
months notice; and this often means 
12 months notice from the birthday 
of the original contract. This means 
that, if you signed the original con-
tract in February four years ago, 
you can only end the contract the 
February after next - which might be 
almost two years away. 

2. Your existing supplier will try to 
charge you the earth (eg £20,000) 
just to remove your old storage tank. 

To avoid these problems:

1. Send a letter giving notice of termi-
nation of the contract during the first 
year of the contract - you can even 
enclose it with the signed contract 
when you post it off! Then, get the 
supplier to email you a confirmation 
that they have received this termina-
tion letter. You can then divorce your 
supplier on the day the contract 
ends.

2. Agree a clause in the contract which 
states that the supplier will remove 
the tank at the end of the contract 
(if you wish) free of charge - or for a 
fixed, reasonable, price (something 
below £2000 anyway).

John Powell    Laser Expertise

QUESTION & ANSWER

For this magazine, 'Gorgeous' means 
attractive in an engineering design 
sense.
We are always keen to receive your 
submissions for this and for 'Greatest 
Cock-up' - sadly there were no sub-
missions for this issue L
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Laser Beam Products has been known 
for many years as a supplier of beam 
delivery mirrors for industrial CO2 lasers 
but solid state lasers are now seriously 
challenging this laser in many of its tradi-
tional areas. Is this a concern for you?

I was very concerned when fibre lasers 
first came to my attention some years 
ago Actually I did try to buy shares in 
IPG, but at that time they weren’t pub-
licly traded. 

We have a strong relationship with 
two major University laser applications 
research groups, and my understanding 
is that for the foreseeable future the mod-
ern ubiquitous flying optics CO2 steel 
cutter will out-perform a fibre laser sys-
tem across many of the commercial and 
technical requirements of that market. 

This conclusion does withstand scrutiny: 
multi-kilowatt 1µm wavelength lasers, (i.e 
flashlamp pumped Nd:YAGs) have been 
available as research and commercial 
tools since in the late 1980’s and yet 
have not presented a serious challenge. 
Also, I’ve been around long enough 
to remember when Carbon Monoxide 
lasers, lasing at around 5 to 6 µm wave-
length, were thought likely to cause the 
demise of the CO2 steel cutter, and CO 
lasers are widely reported in the techni-
cal literature to be preferable for surgical 
applications, but I am not aware of their 
widespread use, if at all, today. 

Fibre lasers will find new applications, 
many as yet unknown, and in my opin-
ion will end up being complementary 
to today’s CO2 laser, water jet cutter, 
plasma cutter etc. Perhaps the cutting 
technology provided by today’s laser 
job shop will evolve to include a whole 
spectrum of cutting solutions, allowing 
the selection of the appropriate tool for 
the job be it a fibre laser, a CO2 laser or 
even an electro-chemical processing tool 
for example.

How has the range of applications and 
wavelengths for which you offer optics 
changed over the years?

In terms of applications the sheer 
breadth, and dare I say romance of the 
1980’s has long gone. Twenty years ago 
barely a week would go by without a 
parcel arriving with some “crazy” materi-
al in it to see if it could be laser cut. I still 
have a box full of strange gaskets, baby 
bottle teats, upholstery, wood, foams, 
rubber strips, even flags, all of which 
at some time somebody has asked us 
to see if we could cut on our test laser. 
The laser should have been dedicated to 
optical testing, but it was always fun to 
have a go at some of these things. 

When I worked for a CO2 laser manu-
facturer we had a full time postgraduate 
level engineer doing nothing but making 
cutting trials on these sort of things to 
see if we could sell a laser for the appli-
cation. I remember we were successful 
with a system for laser scanning, and 
thus caramelizing the top of a “popular” 
ice cream desert long before Heston 
Blumenthal and his blow lamp. With 
another business we cut some suppos-
edly identical wooden boxes very suc-
cessfully. The problem was the naturally 
varying density of the wood meant each 
box needed a precise, but unknown 
amount of laser power, too much and it 
cut right through, to little and it charred. 
My flash of inspiration was to weigh the 
box, and then have a look up table for 
laser cutting power vs weight, and it 
worked very well.

Our products have to keep up with the 
ever more demanding specifications 
from CO2 laser manufacturers, so reflec-
tivity, surface accuracies and surface 
quality are approaching the physical 
limits of what is possible, at least with 
the currently available choice of materi-
als available to make mirrors from. We 
have never lost sight of the fact though, 
that optics need to be durable and to 
perform in adverse conditions, such as 
those of developing countries where 
many lasers are being installed. Here, 

optics may be exposed to poor quality 
laser gas, untrained operators, low grade 
steel, the absence of technical support 
and spare parts, and even constantly 
high humidity, all of which can and does 
lead to degradation of optical surfaces. 
As a result, we are seeing a upturn in the 
sale of simple tough optics such as solid 
molybdenum mirrors and gold-plated 
mirrors, both of which are ideal in these 
situations.

In terms of the wavelengths we work 
with, these are exciting times. We have 
always had a wide range of optical 
products for CO2 lasers, and Er:YAG 
lasers at 3um wavelength. We are find-
ing some great applications recently with 
newer sources like Quantum Cascade 
Lasers (QCL) and Optical Parametric 
Oscillators (OPO’S), which operate over 
broad bands in the 1-6 µm region. Even 
better for us is that these applications, 
including gas analysis, industrial moni-
toring, atmospheric research, and Infra 
Red Counter Measures (IRCM) for the 
defence sector, are used in harsh envi-
ronments where our tough coatings are 
ideal. Some customers in these areas 
are nervous that the high powers of “up 
to several Watts” could be a problem, a 
fear that is easy to allay given that 4KW 
or more is an everyday power in our 
mainstream business. 

I’m also hopeful that the TEA CO2 
pulsed laser may be making a come-
back, in applications such as the “envi-
ronmentally friendly” removal of paint 
and other coatings, which could be a 
very large market.  

Mirrors for high power lasers
Interview with Mark Wilkinson

The MD of Laser Beam Products reflects on changes in the business

continued over ...

18

The AILU INTERVIEW



The Laser User       Issue 55, Summer 2009 19

How much of your product develop-
ment is linked to developments in laser 
technology processes and applications 
and how much to increasing QA require-
ments and tighter specifications?

Very much the latter. This is completely 
understandable, say, in the defence mar-
ket where the applications knowledge 
and experience is, by necessity, totally 
within the domain of our customers for 
obvious reasons. To their credit though, 
the designers and engineers in the 
defence sector are very proactive in the 
early stages of a project to seek input 
from suppliers about the cost effective-
ness and performance of parts. 

The way our defence customers go 
about their product design is highly 
professional, and I think our industrial 
customers could learn a lot from today’s 
modern defence companies. I attend at 
least two supplier conferences a year, 
at which we meet the engineers, QA 
and supply chain managers for a full 
and open discussion of future demands, 
both commercial and technical. We 
are even encouraged to work directly 
with suppliers above and below us in 
the supply chain to make sure we all 
keep to the “beat of the drum” set by 
the customer. They will even share with 
us, the suppliers, presentations of the 
equipment in action, and we have even 
met serving armed forces personnel who 
have used our equipment "for real” in 
battle. That was the biggest customer 
feedback of all time for me. 

For Industrial customers we are currently 
supplying mirrors flat to 100 nanometres, 
with 1 part per thousand absorption, 
Ångstrom level surface roughness, vac-
uum packed in a Class 100 flow booth. 
Within an hour of delivery that part may 
have some water fittings screwed into it 
with a spanner, may have gained a finger 
print or two and maybe a splash of cool-
ing water and some dust from the lens 
that exploded the week before. However, 
it’s never a good idea to take a cheap 
shot at customers, so what I should say 
is that the improvements in the lifetime 
of optics that have been achieved by 
modern laser machining manufacturers 
has been phenomenal. Enclosed beam 
lines, gas purging, hydrocarbon-free 
vacuum systems and of course the use 
of trained operators, have slashed user’s 
costs in the optics area.

SHARP OPINION 

As I write this we are just a few weeks 
from ILAS2009, AILU’s 2 day sympo-
sium on laser processing. One of the 
aims of ILAS is to offer a UK meet-
ing at which recent advances in laser 
processing can be presented.

The symposium agenda reflects the 
high level of R&D in laser processing in 
the UK, including contributions from six 
leading UK research groups and several 
companies that have a strong record of 
innovation and commercialisation.

AILU recently completed its first 
“RULARDO” report looking at R&D 
activity in the UK. It identified 16 active 
research groups, with many other aca-
demic institutions contributing smaller 
elements of R&D. The report also high-
lighted the important contribution of our 
laser companies in R&D activity.

I was slightly concerned that this report 
did not really recognise the important 
efforts of the “applications” department 
in many more companies, but this is 
largely because, perhaps not surpris-
ingly, most were not prepared to say 
what they were doing and how big an 
effort their research activity was. Clearly 
the work goes on, because commercial 
organisations have a need to understand 
their product and to perhaps demon-
strate this to potential customers. This 
applies particularly to laser system sup-
pliers but it can equally be true of laser 
cutting job shops who develop specific 
skills and techniques to deal with par-
ticular materials or products.

Such 'know how' can represent a size-
able volume of “intellectual capital” for 
a company. Intellectual property (IP) is 
often well protected, not just by patents, 
but by careful control of the company 
staff’s “need to know”. A result of this 
need for a company to protect its unique 
and beneficial IP is that surveys such 
as AILU's on laser materials processing 
R&D, reflect only part of the picture. 

Surely this observation also presents 
a challenge for the “public” research 
activity as highlighted in the RULARDO 
report, particularly research carried out in 

the academic sector? We might ask how 
this work is being targeted. Is it properly 
aimed at sources and processes that will 
meet the requirements of the latest high 
value market opportunity? Is it support-
ing the competitiveness of UK PLC?

Recently, Mike sent an email around the 
AILU's PPI Special Interest Group asking 
for comments on a list of suggestions 
for AILU activity in the next phase of the 
Photonics KTN. Ex-AILU President Clive 
Ireland noted the following on this:

"We should not be putting novelty ahead 
of market/application need. There is a 
fs/ps R&D bandwagon but insufficient 
applications work to give a good under-
standing of the best source for fine/clean 
processing. I’m also aware that at least 
four fibre companies have recently 
launched 10-20 W 532 nm products for 
processing photovoltaics, a huge (and 
long-term growth) global market. Who’s 
doing this in the UK?! Let’s encourage 
UK focus on where the market is and 
where it is heading to inform what tech-
nology development is required."  

Clive's point about not putting technol-
ogy before need is important here. If the 
UK laser research community is going to 
compete globally then it must be devel-
oping solutions for the high growth mar-
kets. I have long thought the challenge 
to us “process researchers” is not so 
much to see what the “new” laser sys-
tems on the market can do, but rather to 
specify the sources we need to produce 
the winning manufacturing solutions for 
these markets.

Success in such applications work is 
important for both the private company 
and the academic research community. 
For companies, it can allow the suc-
cessful company to specialise in a high 
growth market, make an early entry and 
maintain a leading position, generating 
wealth for further R&D. For the aca-
demic community it clearly identifies the 
research groups who deliver results of 
benefit to the economy. And those that 
do should attract both public and private 
funding to strengthen their position.

Put the horse before the cart
A series of personal 'opinions' on matters laser by Martin 
Sharp, an industrialist turned academic

E: m.sharp@ljmu.ac.uk
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EDITORIAL

After a somewhat poor 
first quarter we seem 
to be having a much 
better second quarter 
with a definite resur-
gence of quotes and 
jobs. We exhibited at Subcon09 along 
with David Lindsey from Laser Process 
and a few other laser job shops. The 
most disappointing aspect of the show 
was the high turnout of foreign com-
panies and foreign trade associations, 
about a third of which were Chinese, 
Indian or French. However, we had a 
very successful show and are still trying 
to contact all of the people who we met 
on our stand. The fact that the show 
was so positive proves that whatever 
the politicians do to cripple this country 
they cannot keep manufacturers down!

Whilst writing this report the TV news 
has just reported redundancies at 
Corus. We have been careful with our 
material purchases keeping stocks 
down to a low level. Customers know 
that the tonnage rate of all metals has 
dropped through the floor (one of the 
reasons for Corus having problems) and 
are expecting keener prices from their 
job shop. Most of our margin losses are 
attributable to selling high cost material 
stocks at lower than purchase prices.

To keep up with the pack and to 
address the increasing number of cus-
tomer requests for first-off reporting, 
I have been looking at measurement 
vision systems. Purchasing in the cur-
rent climate has a big advantage - we 
can insist on a discounted price know-
ing that industrial equipment manufac-
turers are having a hard time. We start-
ed looking at suppliers from Northern 
Ireland, then Canada, then Gloucester 
and by chance found Baty International 
in Burgess Hill: they seem to have 
just the right bit of kit for our require-
ments and they are only 150 yards from 
Cirrus! Having known them since we 
started 22 years ago, I cannot believe 
I did not know exactly what they pro-
duce, especially as we manufacture 
parts for their machines. Just reinforces 
the need to get out there and tell them 
what you do! Doh!

Dave Connaway 
E: dc@cirrus-laser.co.uk

Chairman's 
report

Optical technologies & 
Photonics in Germany

Germany is 
the world’s 
third largest 
economy, 
account-
ing for 20% 
of the EU’s 
GDP. Just 
an hour from 
the UK by 
air, Germany 
is the UK’s 
number one 
European 
export market 
and number two worldwide. The opto-
electronics market is growing rapidly and 
the UK government has declared it a key 
industry critical for boosting innovation 
and employment growth. And in com-
parison with other sectors the optoelec-
tronics market has so far proven resilient 
to the global economic downturn.

Produced in May 2009 by the ICT Trade 
Section and the British Consulate, 
Munich, this sector briefing in Optical 
Technologies & Photonics Germany 
is available in the 'strategy' section of 
document library in the members area of 
the AILU web site. 

For much of the last 15 years, west-
ern manufacturers have increasingly 
been sourcing from low-cost overseas 
economies. First components, then sub-
assemblies, and then finished products. 
But, as explained in a recent report on 
manufacturing offshore by Malcolm 
Wheatley, which appeared in Engineering 
& Technology (20 June - 10 July 2009 pp 
64-65), there are hidden costs in manu-
facturing offshore; and indeed a backlash 
is underway. Work once routinely sourced 
overseas is now coming back to the UK, 
prompted by manufacturers' growing 
realisation that the supposed cost advan-
tages of overseas sourcing are not as 
clear-cut as they supposed.

There is plenty of anecdotal evidence of 
this trend in the UK, supporting more rig-
orous surveys in the USA and elsewhere 
of high percentages of parts coming 
back from overseas suppliers. Risk fac-
tors include: reputation and part reliabil-
ity (e.g. inferior/unreliable quality); intel-
lectual property; supply chain disruption.  

Total Landed Cost
The only true test of whether an item 
sourced overseas is cheaper, argue the 
proponents of this concept, is to com-
pare the cost of domestic production 
with the total cost of bringing the same 
item onto home soil - the overall 'landed' 
cost, in other words.

Simply looking at relative labour and 
transportation costs is too simplistic. The 
costs that should be factored in to get 
the Total Landed Cost divide them into 
three categories:

• Static - or visible - costs are those 
that tend to be most apparent: the 
ex-factory gate purchase price, for 
instance, plus freight costs, tariffs, 
duties and insurance costs. 

• Dynamic - or invisible - costs are 
those that stem indirectly from over-
seas sourcing. Supply chains are 
longer, so there's a need for more 
pipeline and safety stock inventory, 
for example. Longer supply chains 
are less responsive to fluctuations 
in demand, too, leading to inventory 
obsolescence and lost sales due to 
stock-outs.

• Hidden - or unpredictable - costs of 
overseas sourcing, some of which 
are more obvious than others; the 
current volatility in exchange rates 
and freight costs are one sort. The 
possible loss of intellectual property 
rights is another. 

Comments from UK job shops:
Dave Lindsey (Laser Process): I keep 
hearing that work is returning from the 
far east/eastern Europe because of ship-
ping costs and quality problems. A large 
JCB job that was taken from one of our 
customers and re-sourced in India has 
been brought back and we recommence 
deliveries in September. Long may it 
continue.

Tom Mongan (Subcon Laser Cutting): 
Work is returning from the Far East but 
it is a trickle rather than a cascade. I 
know a lot of rectification work on tool-
ing has had to be done by toolmakers in 
this country due to inferior material being 
used by companies in China for example.

Tom also added that "Unfortunately for 
manufacturing in this country, the pur-
chasing managers in larger organisations 
tend to just look at the savings regardless 
of all other aspects." Perhaps purchas-
ing managers should look into TLC a little 
more thoroughly. Are the savings really 
finding their way to the bottom line?  

Mike Green   Editor

Offshore manufacturing: counting the cost
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The current hot topic 
in the laser material 
processing world is 
additive layer manu-
facture (ALM). This is 
a process whereby 
structures are built 
up in layers using a 
laser (in this case) to 
melt or sinter mate-
rial which is added in 
the form of a powder or wire. For laser 
based ALM using powders there are 
essentially two processes: powder bed 
and blown powder. In the powder bed 
method the laser is scanned across the 
surface of the powder causing fusing or 
sintering of the powder particles. Once 
one layer is complete another layer of 
powder is introduced and the proc-
ess is repeated until the full structure 
is made. In blown powder systems a 
powder stream is introduced at or near 
the focus of the laser and this is moved 
in a predetermined pattern to build up 
the structure. The powder stream can 
either be coaxial with the laser beam 
or off-axis. All three systems have their 
advantages and disadvantages. 

The powder bed systems have evolved 
out of the laser rapid prototyping area 
where the technology was developed 
for producing plastic replica structures. 
These systems have been developed 
to utilise metal powders and several 
commercial systems are available. The 
blown powder technology has evolved 
from the laser cladding industry which 
uses the techniques for the deposition 
of coatings for tribological or corrosion 
reasons. Most laser systems suppliers 
will offer laser cladding nozzles as one 
of their options. 

Why has there been this upsurge of 
interest in ALM technology. This is main-
ly for two reasons I think:

• The availability of commercial metal 
deposition systems has meant that 
anybody can get into the field with-
out having a deep knowledge of 
welding.

• Recognition of the potential large 
benefits of ALM technology, both 
for repair and direct fabrication of 
structures. This has been driven 
by the adoption of much higher 
value materials such as titanium 
and through the recognition of the 

improvements in structural effi-
ciency and complexity that can be 
made using ALM technology.

To support the evolution of this very 
important technical area AILU has now 
held two workshops on this subject. 
The last of these was held at Airbus in 
Bristol on the 26 March. As might be 
expected for this hot topic the work-
shop was very well attended. There 
were some excellent presentations 
covering the whole spectrum of activi-
ties in the ALM field. Equipment devel-
opments were highlighted by Trumpf, 
Primes and IREPA laser. A wide range 
of applications were presented by 
EADS, TWI, Laser Cladding Technology 
and Fraunhofer ILT. University pres-
entations addressed the use of holo-
graphic optics to optimise beam profiles 
(Loughborough), the development of 
laser assisted cold spray techniques 
(Cambridge) and optimising structural 
design for ALM (Cranfield). Overall the 
workshop was highly successful. This 
topic will also form one session in our 
2 day symposium on July 7th and 8th. 
More details can be found on the AILU 
web site by clicking on the 'events' link. 

Following this workshop I attended 
a road mapping event organised by 
NAMTEC. At this there was a bench-
marking activity which highlighted cur-
rent issues in powder based ALM tech-
nology. My personal assessment of the 
outcome of this exercise is as follows:

• There is major issue with a lack 
of material property data. In this 
process material is effectively 
being produced and it is essential 
in structural applications that the 
quality is high, uniform and repeat-
able. This is a major challenge for 
the large components envisaged.

•  All processes are suffering with 
non-optimal microstructures 
– some innovative thinking is 
required

• All processes need to deal with 
non-uniformity due to thermal 
management issues

• Powder based techniques have a 
problem in achieving full consoli-
dation of the metal

• There is major issue in the quality 
and repeatability of Ti powder (and 
cost)

• All processes need to demonstrate 
repeatability and a high level of 
quality control (no NDT is best)

• Surface finish is a big issue and 
needs to be improved or dealt with 

• Residual stresses and distortion 
need to be managed 

• A wider range of materials is 
required

• The processes need to be scaled 
up in terms of:
– Deposition envelope (especially 

powder bed)
– Deposition rates

• There is no UK strategy for ALM 
development (lots of siloed activity)

Concerning this last point there is an 
opportunity for AILU and its members 
to take a leading role. To this end it is 
our intention to set up a Special Interest 
Group (SIG) on ALM technology. If you 
are interested in joining this SIG then 
email me (s.williams@cranfield.ac.uk) or 
Mike Green (mike@ailu.org.uk).

As an endnote I would like to say that I 
have been mildly amused by the laser 
community on the topic of ALM technol-
ogy. When talking to practitioners the 
enthusiasm for the discovery that you 
can directly fabricate metal parts from 
CAD data is heart warming. However 
like most things it has been around a 
long time. Laser powder based ALM 
is essentially a welding process and 
people have been building parts directly 
from weld metal for a many years. This 
is evidenced by the picture below which 
shows how a vase could be produced 
by this method. The picture below was 
taken from a patent filed by Baker in 
1925.

 

PRESIDENT'S MESSAGE
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CUTTING

The basics of CW CO2 laser cut-
ting of metals have not changed 
for the past 20 years. There is an 

energy source (the laser) that removes 
material by melting. The process is 
controlled by five main parameters: 
power, feed rate, focus, assist gas 
and assist gas pressure. Feed rate 
controls the relative speed of move-
ment of the beam over the workpiece 
to allow the laser to consistently melt 
the material. Focus position, nowa-
days fully under automatic control, is 
located on, within or below the sur-
face of the workpiece, to achieve the 
desired cutting condition. The choice 
of assist gas and pressure is made 
to remove the molten material and 
achieve the desired edge quality

Although the basics of the laser cut-
ting process have not changed, major 
improvements in speed, cut quality and 
manufacturing economy in laser cut-
ting have been made; and laser cutting 
continues to increase in popularity as a 
sheet metal fabrication method. There 
is a strong requirement for laser cutting 
machines to meet the need for low runs 
of different part numbers because of the 
decreasing demand for higher volumes 
of the same part number.

In the upper market segment, both ultra-
fast flying optics laser cutting machines 
and punch-laser combinations have 
been gaining ground. The integration 
of several work stages in the punch-
ing unit makes the manufacturing of 
sophisticated components possible at a 
lower cost /component ratio. Meanwhile, 
the share of ultra fast laser cutting sys-
tems featuring linear drive technology is 
increasing due to fabricators’ demand 
for faster part processing time combined 
with enhanced accuracy and a reduced 
setup time.

How we got to where we are
As when purchasing a new desktop 
computer, it is important to understand 
how the features of the present technol-
ogy will last into the future. Anticipating 

what the best features of a laser cutting 
system are is important, but even more 
important is judging which features will 
become “obsolete” and costly in the 
years to come. This is the real challenge!

Recent developments in laser systems
Short set up times are a natural benefit 
of the non-contact laser cutting proc-
ess, but these have been improved 
as has part quality and accuracy. Fast 
cycle times on lasers have always been 
related to geometry; for example, the 
laser have always outperformed other 
manufacturing methods, such as tur-
ret punch presses, for cutting out large 
radius parts. 

However, with the latest linear drive tech-
nologies, this cycle time margin on tradi-
tional sheet metal systems is narrowing. 
In fact, a completely new type of laser 
design needs to be provided to accept 
the speed of acceleration that the new 
drive technology offers. This new speed 
of processing combined with the exist-
ing trend of the laser industry towards 
automation make the future of this manu-
facturing technology exceptionally bright. 
Newly developed technologies, simply 
named by Finn-Power as DpM (Dynamic 
process Mode) and DpMplus (Dynamic 
process Mode for cutting arrays of holes 
and other fine patterns) provide dynamic 
control of speed and laser power. They 
have produced major improvements in 
cut speed and quality for fine features; 
see figure below. 

Control of axis movement has improved 
over the early systems. The natural evo-
lution of motion technology is towards 
linear drives because of their superior 

performance, yet many machine tool 
manufacturers still embrace either ball 
screw or rack and pinion drives because 
of their lower costs. 

Referring to the five main parameters of 
laser cutting discussed in the opening 
paragraph, focus point is automatically 
controlled in modern machines, through 
a cutting database or a technology table.  
Assist gas changes and pressure are 
also system controlled. In fact, most of 
the internal functions of laser cutting 
have been automated. The NC cutting 
database has taken over almost all of 
the operational commands, leaving only 
simple functions such as nozzle or focus 
lens alignment or change to the operator.

The availability of higher laser powers 
has advanced the laser cutting machine 
performance as well. Metal plate of 
greater thickness can now be processed, 
but the real advantage of higher power (3 
kW and above) has been to process thin 
metals sheet at greater feed rates. And in 
efforts better to maximize cutting speed, 
greater attention has had to be paid to 
nozzle design and beam collimation. 
As a result, using an inert assist gas, 
cutting speeds for thin metal sheet are 
today almost three times faster than was 
achieved on earlier wattage systems. 

Punch-Laser Combination Machines
The development of laser cutting tech-
nology in combination with punch press 
machines have been used in the industry 
since the 1980´s. For outside part con-
touring and special inner contours, the 

laser is used to increase 
part quality in one opera-
tion with no additional 
material handling.

Today's combination 
punch press offers a 
“four-in-one“ solution: i.e. 
forming, tapping, punch-
ing/nibbling and laser cut-

Laser cutting technology: a growing 
force in sheet metal fabrication

Johannes Ulrich
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Under 'standard' laser cutting conditions the process time for this 
component was 150 sec. Combination high-speed and DpMplus 
technology reduced the process time to 110 sec, equating to a 26% 
productivity increase.
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ting/marking in one system, in a single 
set up without releasing the sheet metal 
from the work holder. Bending can be 
included too. Additional increases of 
productivity for punch laser systems 
can be made by modular extension of 
the overall system, including loading 
/unloading, part sorting and stacking. 

High-speed laser cutting systems
High speed flat bed laser cutting has 
been accepted by sheet metal manufac-
turing shops throughout the years, open-
ing up the possibility of cutting materials 
such as 1mm aluminium at 60 m/min or 
even faster. 

With the integration of linear drive tech-
nology new, highly rigid machines have 
had to be developed to achieve posi-
tioning speeds of up to 300 m/min and 
an acceleration of more than 20 m/s2. In 
addition to this, modern machine con-
trols allow the laser cutting speed to be 
set, at say 25 m/min for 1 mm mild steel, 
without it having a negative influence 
on path accuracy. In aluminium, cutting 
speeds can be set up to 50 m/min. High-
speed laser cutting systems can also be 
flexible. For example, with 5 kW laser 
power mild steel up to 25 mm thick can 
be cut on one of these machines.

Faster cutting and repositioning (from 
one cutting point to the next contour) 
has led to improvements in productivity 
over conventional flat bed laser cutting 
machines. Additional material handling 
devices for loading and unloading further 
improve the productivity of the high-
speed systems. An example of such 

materials handling is shown 
(top right).

A further step towards more 
sophisticated material and 
component handling is 
Finn-Power’s laser cutting 
center LC6, which allows 
the customer to integrate 
laser operation and part 
handling for fabricating 
high-quality components 
within one system. The LC6 combines a 
CO2 laser (up to 4 kW) fixed laser beam 
system with the latest generation of tur-
ret punch press. Sheets are moved over 
brush tables to ensures good support, 
maintain the sheet surface quality and to 
prevent parts from flipping. 

Outlook
In addition to system development, soft-
ware-based application training meth-
ods, like Finn-Power’s Laser Wizard, 
will be developed to help the operator 
understand the laser process. Customer 
support systems will become increas-
ingly intelligent; for example, to upload 
laser cutting parameters for new material 
types or to adjust the process for new 
applications. 

Process control systems will also 
become faster and more sophisticated 
to achieve maximum throughput in the 
production environment. 

Laser Automation
The biggest trend in laser cutting over 
the last 10 years has been one towards 
automation. This trend promises to con-
tinue. This trend promises to continue 
for various reasons.

Some companies justify the purchase 
of laser automation on the basis of 
reduced labour costs; however this is 
just one benefit. The consistency of 

operation of an automated 
cell, especially with a laser at 
the heart of it, offers complete 
flexibility to the manufacturer. 
Reaction time to the custom-
er’s demands is minimal. If the 
part can be drawn, then it can 
be processed and put into a 
production schedule. There is 
no costly tooling inventory to 
manage, no need for pallets to 
be chased down in preparation 
for processing. Increasingly 
companies are implementing 
lean manufacturing strategies 
in order to minimize wasted 
movement and overproduction 

of parts and thus reducing inventories. 
An automated laser cell is the perfect 
tool to achieve these goals.

The Right Direction
The advancements of the last 20 years 
in laser processing have been consider-
able. Whereas the basic elements of 
laser cutting have not changed, there 
have been continuous improvements 
in each part of the processing window. 
Developments in laser power control and 
technology tables have reduced cycle 
time and set up. The new developments 
in linear drive technology are caus-
ing manufacturers to rethink the basic 
design of laser cutting equipment.

Laser automation and the new advances 
in laser processing promise to bring 
the production cost-per-part lower 
than ever before, with less set up and 
higher throughput. Furthermore, cus-
tomers can utilize advantages from the 
newest developments in 2D and in 3D 
laser cutting systems with additional 
axis movements for example integrated 
into the cutting head, opening up new 
applications for laser. In the competition 
between lasers and dies for cutting, the 
improvements in laser cutting technol-
ogy are ever raising the break-even 
point, opening new horizons in mass 
production.

The future of any technology, however, 
depends on how that technology best 
serves its end user, the customer. With 
this thought in mind, the future of the 
laser technology is moving in the right 
direction.

Johannes Ulrich is Manager of the Laser 
Division of Finn-Power Group, Kauhava, 
Finland
E: johannes.ulrich@finn-power.com
T: +358 6 428 2111
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Typical part 
manufactured 
by a punch-
laser 
combination 
machine

Speed comparison for mild steel: punching vs high speed and 
normal laser cutting

The Finn-Power LC6 Laser Cutting Centre

Johannes Ulrich is manager of 
Finn-Power Group's laser divi-
sion in Lillbacka, Finland. 
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The lamp pumped pulsed Nd: YAG 
laser has played a major role in 
the development of laser micro-

processing, including cutting, drilling and 
welding; however, the development of 
single mode fibre lasers is now provid-
ing a challenging alternative source for 
this work. Here we provide comparative 
micro-processing data for a pulsed lamp 
pumped Nd: YAG laser and a single 
mode fibre laser with up to 200 W aver-
age power. The comparison includes 
cutting, drilling and joining and a range 
of materials including plastics and poly-
crystalline silicon (wafers).

An area where there is a significant dif-
ference between lamp-pumped YAG and 
fibre laser performance is pulsed opera-
tion. Lamp-pumped lasers are capable 
of producing long, multi-ms, pulses 
with peak powers many times the rated 
average power of the laser, provided 
that the duty cycle is sufficiently low. By 
contrast, while the semiconductor laser 
diodes used to pump a fibre laser can 
be on-off modulated over a wide fre-
quency range (from DC to tens of kHz in 
most industrial applications), they cannot 
typically be over-driven for long periods 
(i.e. multi-ms), as in a flash-lamp, with-
out reducing the lifetime of the device to 
an unacceptable level. From an applica-
tions perspective, both these regimes 
(i.e. long high-energy pulses but a 
poorer beam quality, and high repetition 
rate on-off type modulation, single-mode 
beam quality but low pulse energy) have 
their advantages, as discussed below.

Laser sources
Micro-processing with a pulsed Nd: 
YAG laser was carried out with a GSI 
low power pulsed laser (JK125P), which 
provides relatively high beam quality 
and excellent pulse to pulse stability 
for micro welding, cutting and drilling. 
This laser with its enhanced control and 
complex pulse shaping facilities offers 
greater flexibility for processing a range 
of materials including highly reflectiv-
ity materials i.e. aluminium and copper 
based alloys. 

For fibre laser micro-machining a CW 
single mode Ytterbium fibre laser (GSI 
SM 200) operating at 1080 nm wave-
length was used. The laser can be mod-
ulated and provide pulsing capabilities 
with pulse widths ranging from micro-
seconds to milliseconds.  

Full details of these lasers can be found 
in our article in Issue 52 (p40), Autumn 
2008 of this magazine.

Micro-cutting and micro-drilling 
For micro-cutting and drilling work the 
lasers were fitted with a GSI micro cut-
ting nozzle. This is a 40 mm diameter 
nozzle with a nozzle tip diameter of 
0.7 mm. The calculated spot size for the 
fibre laser with this arrangement was 
approx 20-25 μm and approx 60 µm 
for the pulsed Nd: YAG laser. The noz-
zle assembly was adjusted to give ~ 
1 mm standoff height between the 
nozzle tip and the workpiece. Straight 
line cuts were made in a range of thick-
nesses both with nitrogen and with 
oxygen assist gas. The amount of dross 
attached to the underside of each cut 
was classified according to a qualita-
tive (visual) examination: A+ (no dross), 
A- (little dross), B – D medium to heavy 
dross. The same processing head was 
used for percussion micro-drilling.

Micro-cutting tests with the fibre laser
Thin sheet metal cutting is one of the 
largest laser cutting applications. Until 
recently pulsed lamp-pumped lasers 
have been the preferred laser for fine 
cutting applications, but fibre lasers are 
fast becoming a serious alternative. The 
focus of this work was to generate cut-
ting data in a range of materials with 
100 W single mode laser. 

Figure 1 shows a cutting speed com-
parison between O2 and N2 for stainless 
steel at 50 and 100 W average power. 

One of the biggest laser micro-cutting 
applications is in the medical industry, 
where the use of fibre lasers instead of 
pulsed lamp pumped Nd: YAG laser has 

significantly increased. Medical devices 
are generally small for one of two basic 
reasons: either there is an access 
requirement to fit into a small area, or 
the device is to be made of an expen-
sive material. 

Probably the most demanding applica-
tion for micro-cutting in the medical 
device industry is the cutting of arterial 
stents. These are cylindrical metal scaf-
folds that are inserted inside a diseased 
coronary artery to restore adequate 
blood flow. The materials typically used 
are 316L stainless steel or nickel- tita-
nium alloys (shape memory alloys and 
tube diameters are between 1 and 
10 mm, with a wall thickness of approx. 
100 µm. The key requirement is a small 
kerf width (20-30 µm) and this requires 
high beam quality and very good laser 
power stability, both of which the fibre 
laser offers. The laser cut must have an 
excellent surface quality with very little 
heat affected zone and no dross. 

Figure 2 shows an SEM micrograph of 
a typical stent after cutting and clean-
ing in an ultrasonic bath. With 100 W 
fibre laser, dross- free cuts (20 µm width) 

A comparison of pulsed lamp-pumped Nd: YAG and 
fibre laser micro-processing

Mo Naeem and Steffan Lewis
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Figure 1. Fibre laser cutting performance on 304 
SS with oxygen and nitrogen assist gas:  
(a) 50 W; (b) 100 W average power
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can be achieved with very high contour 
accuracy (< 5 µm). Typical cutting speed 
for 0.5 mm thick 316L stainless steel 
with single mode laser output is approxi-
mately 5 m/min with nitrogen assist gas.

Micro-cutting with pulsed Nd:YAG laser
Results showed that the pulsed Nd: YAG 
laser used was not well suited for very 
fine micro-cutting. Although it could cut 
up to 2 mm thick material, the kerf width 
are too large (>60 µm) for some applica-
tions (e.g. arterial stents where the typi-
cal kerf width requirement is 20-30 µm). 
Figure 3 shows typical cutting speeds 
for 304SS with oxygen and nitrogen 
assist gas. 

Cutting data comparison
The single mode fibre laser used in 
this work can also be pulsed by gating 
at high frequency (20 kHz) and pulse 
widths as short as 5 µs can be achieved.

A range of materials in addition to stain-
less steel were cut with both lasers and 
Table 1 provides a comparison of typi-
cal cutting speeds at an average power 
of 100 W. Whereas the edge quality 
was better with the fibre laser, the high 
peak power of the pulsed Nd: YAG laser 

was significantly faster in cutting highly 
reflectivity materials.

Micro-drilling 
There are important applications in both 
the automotive and aerospace indus-
tries that require the drilling of small 
(50-70 µm) diameter holes in metals and 
composite materials. The requirements 
(e.g. taper free, minimum recast layer) of 
these micro drilled holes can be stringent. 

Whereas it was found difficult to drill 
holes in 1 mm thick stainless or 1 mm 
thick composite materials with a 100 W 
fibre laser the pulsed Nd:YAG laser suc-
cessfully percussion drilled a range of 
materials and thicknesses (figure 4). It 
was possible to percussion drill 1 mm 
thick stainless and composite material 
with a single pulse. Typical laser pulse 
parameters for drilling were:  
energy 1-3 J; width 0.2-0.4 ms;  
peak power 2-3 kW; spot size 60 µm

Micro-joining
We reported the results of our micro-
joining work in full in Issue 52 (p40), 
Autumn 2008 of this magazine. Here we 
provide a summary for completeness.

With the fibre laser in CW mode and 
focused to a spot was approximately 
30 µm, a fine weld bead of keyhole mode 
and no sign of humping could be pro-

duced in 304 stainless steel up to at least 
600 mm/ s, However, it was not found 
possible to weld aluminium, copper 
or brass with the laser in either CW or 
pulsed mode, implying insufficient peak 
power to couple into these materials.

By contrast, the lamp pumped pulsed 
Nd:YAG laser beam, focused to a spot 
of 60 µm at the workpiece was able to 
weld a range of materials including alu-
minium and copper and combination of 
dissimilar materials as well.  

Summary
Laser micro-processing is a key enabling 
technology in modern manufacturing. 
From a comparison of a 100 W single 
mode fibre and a lamp-pumped pulsed 
Nd:YAG laser the following conclusions 
are drawn:

Micro-cutting
High cutting speed and good qual-
ity cuts can be achieved in a range of 
materials. The better quality of the fibre 
laser gave rise to a narrower kerf width 
and heat affected zone, making it a good 
choice for micro-cutting applications. 

Micro-drilling
Pulsed Nd: YAG laser with its high pulse 
energies and peak power capabilities is 
better suited for fine percussion drilling 
in a range of materials including carbon 
fibre composites.

Micro-joining
With a CW fibre laser it was only pos-
sible to weld stainless steel up to 1 mm 
thick, whereas with high precision, low 
average power Nd:YAG laser with high 
peak power and enhanced control and 
complex pulse shaping facilities offers 
greater flexibility for micro-welding a 
range of materials including highly reflec-
tivity materials i.e. aluminium, copper 
alloys and dissimilar materials. 

Mo Naeem and Steffan Lewis are with GSI 
Group, Laser Division, Cosford Lane, Swift 
Valley Rugby, CV21 1QN, UK

Contact: Mo Naeem
E: mnaeem@gsig.com 
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Figure 2. SEM micrographs of stents

Oxygen assist Nitrogen assist

Material thickness (mm)

C
ut

tin
g 

sp
ee

d 
(m

/m
in

)

Figure 3. Pulsed Nd:YAG cutting performance 
on 304 SS with oxygen and nitrogen assist gas, 
100 W average power

Material Cutting speed 
(m/min)

Fibre Pulsed
100 µm aluminium 3 5
250 µm copper 2 4
700 µm zinc steel 6.5 4.5
650 µm ceramic 1 2.4
250 µm Si wafer 4.5 3.5
350 µm brass 1.4 2.5
100 µm Ti alloy 15 8
500 µm LCS 8 5.5
1.45 mm LCS 6 4.5

Table 1. Comparison of typical cutting speeds at 
an average power of 100 W

a b

Figure 4. Pulsed Nd:YAG percussion drilling on 
(a) 1 mm thick composite material (120 µm dia 
hole) and (b) 1 mm thick 304SS (70 µm dia hole)

See Observations p38

Mohammed Naeem is Materials 
Process Development Group 
Leader. He has over 20 years 
of experience in the support 
of industrial lasers within GSI 
Group, and has published over 
140 papers on laser material 
processing. 
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Ultra short laser pulses (USLP) 
have repeatedly proven effec-
tive for the generation of 

internal modifications in dielectrics, 
e.g. quartz [1]. The high peak powers 
available at focus, using pulses with 
a relatively low energy and a duration 
far shorter than the electron-pho-
non-relaxation times in the dielectric 
allows internal modifications to be 
made in precise locations. Because 
the processes involved are non-linear, 
the dimensions of the induced modi-
fications perpendicular to the direc-
tion of laser propagation can be less 
than the laser focal spot diameter. 
These properties offer the possibility 
of inducing micro modifications inside 
dielectrics (e.g. inside quartz wave 
guides or thin glass plates) with mini-
mal mechanical stress in the material, 
thereby leaving the material with its 
resilience unimpaired.

 In addition to micro density changes, 
many technical glasses demonstrate a 
more or less pronounced visible bulk 
darkening or brown colouring after USLP 
excitation. At room temperature the 
colouring can remain stable for years 
[2-4]. The phenomena dates back to to 
early work where dielectrics exposed to 
strong ionising radiation (e.g. X-rays) was 
often referred as glass browning [5].

Generating micro density changes 
inside a quartz optical fibre
The placement of micro density changes 
inside the quartz core of an optical 
fibre without removing the outer nylon 
buffer has been realised with a Titanium-
Sapphire femtosecond laser system 
(Quantronix; 250 fs pulses @ 1 kHz PRF) 
working at a wavelength of 800 nm to 
minimise absorption in the nylon buffer. 
An aspheric micro lens (LightPath) with 
an effective focal length of 3.1 mm 
at 830 nm provided the desired high 
numerical aperture and tight focusing of 
the laser pulses. 

Examples of micro density changes 
(micro-dots) using the above laser system 

and focusing optics 
are shown in figure 
1. Figure 1a shows 
an array of micro-
dots with 2 µm 
separation inside a 
flat quartz plate. 

The modified 
optical fibre 
(CeramOptec WF 
400/440 HN) in 
figure 1b has a mul-
timode quartz core 
of 400 μm diameter and quartz clad-
ding 20 μm thick. The nylon buffer was 
between 205 and 230 μm thick. It was 
modified to become a diffuser used in 
medical treatments.

The optical fibre was mounted in a preci-
sion lathe for rotation while moving the 
focusing lens alongside, generating a 
spiral machining pattern. The rotation 
speed of the precision lathe, translation 
speed of the lens alongside the optical 
fibre as well as the focus depth inside 
the quartz core were controlled to opti-
mise the light extraction from the optical 
fibre over a modified length of 20 mm. 

Typical values produced micro density 
modifications separated by ~ 27 μm 
radially and ~ 0.1 μm longitudinally (i.e. 
separation of one spiral from the next) 
The single pulse energy was `~ 3 μJ. 
Figure 1b shows part of the modified 
20 mm section.  

First results demonstrated an obvious 
exponential decrease in the intensity of 
extracted light along the modified sec-
tion of optical fibre, as expected for a 
uniform distribution of induced scattering 
centres. To achieve a uniform extraction 
the density of scattering centres would 
have to increase exponentially along the 
fibre to compensate for power loss. In 
practice, treated sections of exponen-
tially increasing length were separated 
by unmodified areas of constant length. 
A uniform extraction efficiency of 74% 
has been achieved in this way. 

Figure 2 shows a SEM image of the 
size and shape of a single micro den-
sity change in the optical fibre. To 
achieve this picture the nylon buffer was 
removed and the quartz core was chemi-
cally etched prior SEM analysis. The 
laser-induced micro-density changes in 
density are accompanied by a higher 
etching rate. These are revealed as 
micro pockets in the SEM image.  

The thermal stability of the optical fibre 
was tested the same way as are stand-
ard polymer medical diffusers, by pass-
ing a 20 W CW Nd:YAG laser beam at 
1064 nm into the modified quartz optical 
fibre. After 10s without cooling the tem-
perature profiles in the distal end piece 
was found to be compare well with that 
produced in standard medical diffusers 
(i.e. 105 °C vs 130 °C in a polymer dif-
fuser).

Figure 1: Examples of laser induced micro density changes (micro dots) inside 
quartz: (a) microscope image of a micro dot array (2 µm grating distance) inside 
a flat quartz plate, each with a single 5 µJ pulse; (b) CCD camera image of a 
section of the laser processed medical diffuser, showing the effect on a HeNe 
laser beam propagating inside the processed waveguide from the left, the 
decrease in stray light intensity to the right is due to the significant extraction 
efficiency.

Exploiting internal material reactions in glass using 
ultra short laser pulses

David Ashkenasi and Andreas Lemke
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Figure 2: SEM image of the laser induced 
modifications inside a quartz waveguide after 
chemical etching

MARKING AND ENGRAVING

26



The Laser User       Issue 55, Summer 2009

Laser Browning of Glass*
Laser induced colouring of BK7 glass 
with USLP at 800 nm with a pulse 
width of 0.2 and 3.0 ps has previously 
been reported [4]. Figure 3a shows the 
laser-induced volume signature of the 
company logo inside a 10 mm thick 
BK7 glass plate, using a single pulse 
energy of 100 µJ and the beam waist 
set 5 mm below the plate surface. The 
signature was created in 2003 and to 
date it remains clear. The observed vol-
ume colouring depth starts 1 mm below 
the surface and extends in length over 
ca. 6 mm. 

Figure 3b shows the same laser-induced 
volume signature inside a 12 mm thick 
soda-lime glass plate (Optiwhite) using 
picosecond laser pulses at 532 nm 
under similar conditions. The volume 
colouring depth starts ca. 5 mm below 
the surface and extends in length over 
ca. 4 mm. The studies with picosecond 
laser pulses revealed their surprising effi-
ciency for inducing colouring or “brown-
ing” of the above mentioned glass types, 
especially at 355 nm. 

Table 1 compiles the laser-induced 
“browning” threshold levels for BK7 and 
soda-lime glass using ~ 5000 pulses 

per mm2. At present, we are hesitant to 
define a threshold for 355 nm and 6 ps, 
since a browning effect was observed 
even at sub-µJ single pulse energy lev-
els. The table also depicts the “brown-
ing” track length obtained at maximum 
single pulse energy in this study: 20 µJ 
at 1064 nm, 13 µJ at 532 nm, and 9 µJ 
at 355 nm in the picosecond pulse width 
range; 100 µJ at 800 nm for sub-ps laser 
pulses. Quite extraordinary are the over 
50 mm long colour tracks generated 
inside soda-lime glass samples after 
picosecond laser excitation at 355 nm. 

Figure 4 plots the spectral transmittance 
curves of laser-induced colouring in 
soda-lime for the different wavelength 
and pulse width combinations. The 
spectral transmittance curves were 
taken only a few days after completing 
the laser experiments. Note that, for 
comparison purposes, the laser pulse 
density is identical in the curves for 
picosecond 1064 and 532 nm excitation. 

A feature in the soda-lime spectral trans-
mittance curves is the sudden change 
in slope at 460 and 620 nm, these 
wavelengths corresponding well with 
the visible peak absorption bands of the 
H2+ and H3+ hole centres at non-bond-
ing oxygen sites [3]. Also note that the 
change in transmittance 
induced by femtosecond 
laser pulse excitation lies 
between the curves at 
1064 and 532 nm, in very 
good agreement with the 
general wavelength trend. 
Similar results can be 
assumed for BK7 in regard 
to the comparison of trans-
mittance curves for sub-ps 
and ps pulses. 

An interesting feature of 
laser browning phenomena 
is that it is not permanent 
i.e. the mark slowly fades 
as the colour centres cre-
ated by the laser proc-

ess begin to recombine. For example, 
the transmittance at 400 nm in soda-
lime glass increases by ~ 10% after 3 
months at room temperature. The colour 
centres in BK7 seem to recombine sig-
nificantly slower. The observed fading 
kinetics compare well with studies per-
formed using X-rays to induce colour 
centres in soda-lime glass [6].

Heating the glass samples to 150°C over 
a few hours erases the colouring effect 
completely. 

Marking strategies
Using a polariscope technique to evalu-
ate of birefringence inside the glass 
samples after USLP “browning” revealed 
no sign of this stress-related phenom-
ena. However, micro density changes 
can be additionally introduced inside the 
laser scanned glass volume.

The appearance of diffraction effects 
caused by the periodicity in the place-
ment of micro density changes in the 
glass was particularly apparent when 
using picosecond pulses at 1064 nm 
and 532 nm in combination with lower 
scanning speeds, giving rise to a smaller 
pulse separation while writing a grating 
line. An example is depicted for BK7 in 
figure 5, where the reduction in scan-

Figure 4:  Transmission curves of soda-lime glass (Optiwhite) between 
300 and 1000 nm after picosecond laser excitation at 1064, 532 and 
355 nm. Dashed line: change in transmission after femtosecond (0.1 
ps) excitation at 800 nm, showing a similar trend.

* In these studies, results with sub-ps laser pulses 
were performed using a femtosecond laser system 
(Clark) that produced 1 kHz pulses at 0.1 ps and at 
wavelength of 800 nm. A scanner system (Scanlab) 
designed for 800 nm with a F-theta lens of 88 mm 
focal length guided the focused laser pulses into the 
glass samples. The minimum focal spot size of the 
Gaussian beam (1/e) was 35 µm. In the investigation 
of laser induced material reactions using picosecond 
laser pulses a DPSSL oscillator and amplifier 
system (Lumera Laser “Rapid”) was used. These 
experiments were conducted at three different 
wavelengths: 1064 nm (10 ps), 532 nm (7 ps), 
355 nm (6 ps). The repetition rate was typically set 
to 50 kHz. Again, scanner systems (Scanlab) were 
used. The laser spot size at focus was ~ 25 µm for 
the 1064 nm output and ~ 20 µm for operation at 
532 and 355 nm. 

Figure 3: 
Laser-induced 
colouring (a) 
inside a BK7 
sample using 
0.1 ps 100 µJ 
laser pulses at 
800 nm and (b) 
inside a 12 mm 
thick soda-
lime glass 
sample using 
7 ps 13 µJ 
laser pulses at 
532 nm.

a

b

Laser wavelength and 
pulse width

Pulse energy threshold 
(µJ)

Peak Power Threshold 
(MW)

Maximum “browning” 
track length (mm)

BK7 Soda-lime BK7 Soda-lime BK7 Soda-lime

1064 nm and 10 ps 19 13 1.9 1.3 < 1.5 < 4

532 nm and 7 ps 5 3 0.7 0.4 < 1.5 < 4

355 nm and 6 ps < 0.2 < 0.3 < 0.1 < 0.05 > 101 >121, >502

800 nm and 0.1 ps 2 1 20 10 < 6 < 10
Table 1: Laser-induced colouring threshold at a pulse density of 5000 per mm2 for BK7 and soda-lime.  
1 Browning track length exceeds sample thickness;  
2 Sample (Optiwhite 80x80 mm2) was illuminated from the side edge. 
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ning speed from 2.5 to 1 µm/pulse (at a 
repetition rate of 50 kHz) introduced a 
manifestation of density changes in the 
volume. These do not disappear after 
heating the sample to 150°C.

Figure 6 depicts two examples of laser 
induced density changes created using 
7 ps laser pulses at 532 nm. In the exam-
ple of figure 6a the distance between 
the micro-dots was only a few microns 
and an optical transmission grating was 
produced, creating a rainbow effect 
under white light illumination i.e. differ-
ent colours when observed at different 
viewing angles. In the example figure 6b 
the density of the micro dots is higher, 
inducing strong internal stress and micro 
cracking. Hence, the internal marking 
becomes highly visible, compared to the 
case of figure 6a, where special lighting 
conditions are necessary for visualizing 
the signature with the naked eye.  

Laser-induced colouring can be utilized 
as a pre-curser for the generation of per-
sistent density changes (micro-dots) at 

modest focusing strength e.g. 
using a standard scanner sys-
tems and an Ftheta lens with a 
focal length > 80 mm. Figure 7 
presents an example of intro-
ducing a highly visible persist-
ent signature of a “fingerprint” 
inside a glass sample. 

Potentially, there are several dif-
ferent options for accomplishing 
a laser-induced signature inside 
(most) transparent materials: 
a reversible, diffusive “brown” 
image, a diffractive practically 
“non visible” marking, a weakly 
scattering motif or a strong 
“white” decoration.  

Conclusion and Summary
The pattern of micro density 

changes inside a quartz wave guide is 
important for light extraction efficiency 
and mechanical stability. An extrac-
tion efficiency of about 74% could be 
achieved by varying the distribution of 
the density centres. 

The laser-induced “browning” or col-
ouring inside silicate glasses, BK7 and 
soda-lime (Optiwhite), has been dem-
onstrated for femtosecond and also 
for picosecond laser pulses. The laser 
induced volume colouring is attributed 
to the generation and accumulation of 
colour centres which absorb visible light. 
The effect is especially pronounced for 
laser irradiation at short-wavelengths e.g. 
in this work the threshold for creating 
colour centres was found to be especial-
ly low using 355 nm (6 ps) laser pulses. 
The laser browning can act as a precur-
sor for the generation of micro density 
changes, or in a worst case scenario, as 
damage sites for expensive optics. The 
last feature can have important future 
implications in the utilisation of high-
power picosecond laser systems.
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Figure 6: 
CCD-camera 
images of 
laser induced 
(surface near) 
signatures 
inside a K8 
glass block: 
(a) micro-
dot grating 
distance 
exceeding 
the micro-
dot diameter; 
(b) micro-
dot grating 
distance less 
than the micro-
dot diameter
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Figure 7: 
“Fingerprint” 
signature 
inside a K8 
glass block 
completed by 
laser induced 
generation of 
micro density 
changes 
(i.e. micro 
dots) using 
picosecond 
laser 
technology and 
scanner optics.
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Figure 5: Transmission curves of BK7 between 300 and 1200 nm 
taken directly after picosecond laser excitation at 532 nm, 
comparing different scanning speed of 2.5µm/pulse (top curve) 
and 1µm/pulse (lower curve). In the latter, the microscope and 
polariscope analysis (insert) reveals the additional development 
of density centres or micro-dots inside the colourised volume.

1.0 µm separation per laser pulse

2.5 µm separation per laser pulse
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Ever since Chuck Hull invented 
Stereolithography in 1984 [1], 
the idea of being able to make 

parts without tools or machining 
has inspired many developments 
in what has been coined “Additive 
Layer Manufacturing” or “Free Form 
Fabrication”.  Stereolithography 
appeared to be quite miraculous at 
the time – even appearing on an edi-
tion of the BBC Science programme 
“Tomorrows World”. The process 
used a combination of a bath of pho-
tosensitive liquid acrylic monomer, a 
3DCAD model and a laser to gener-
ate solid parts from the monomer. A 
3DCAD model was “sliced” into thin 
layers and the geometry of these 
layers was used to guide a UV laser 
across the surface of the resin caus-
ing it to polymerise and solidify. After 
replenishing the monomer layer by 
dipping the first layer beneath the 
resin surface, the next layer could be 
“written”. This process became the 
first to be launched by Chuck’s new 
company, 3D Systems Inc.

However, it soon became clear that 
whilst the concept was great, it was a bit 
like the Model T Ford – you could have 
any material you liked as long as it was 
acrylic. Indeed, this early material had 
numerous drawbacks; it distorted over 
time, was hardly “functional” and could 
only really serve the purpose of an aid to 
visualisation. 

Since that time, great advances in poly-
mer technology have been made, with 
polymers that can emulate a number of 
popular injection mouldable materials as 
well as having a range of glass transition 
and melting temperatures. However, they 
are still largely based on one material 
– epoxy resin.

In 1986, a Masters student at the 
University of Texas, Carl Dekard, filed 
a patent [2] for what is now known as 
Selective Laser Sintering (SLS) that used 
a bed of powdered polymer instead of a 
liquid resin. A thin layer of nylon 12 pow-

der could be sintered sequentially based 
on the sliced 3DCAD to form a solid 
part. However, the range of materials 
was and still is largely limited to a few 
well behaved crystalline polymers but 
at least these were functional and could 
actually be used for more than con-
cept models. Carl went on to form the 
DTM Corporation to exploit the inven-
tion. The availability of both these laser 
based processes led to a phenomenal 
growth in what became known as rapid 
prototyping, with many new and novel 
systems being developed – some using 
lasers, some using other technologies 
but all based on layer manufacturing.

By the 1990’s it was clear that the main 
thing limiting further growth and wide-
spread inclusion in mainstream manu-
facturing was the limited range of mate-
rials and in particular, the “holy grail” 
– metals! Metal Laser Sintering became 
a hot topic, particularly in the research 
labs of the University of Texas, and the 
Fraunhofer Institute in Germany amongst 
others. 

The real limitations at the time were get-
ting sufficient laser power into the metal 
to melt it in a controlled fashion as well 
as controlling the final accuracy of parts 
due to shrinkage of the metal powder as 
it changed from a powder through the 
molten state to a solid. 
The lasers available at the 
time were largely CO2 and 
Nd YAG but these did not 
have a good enough beam 
quality and therefore could 
not be focused to a small 
enough spot size for really 
accurate outcomes.

The first truly commercial 
foray into Metal Laser 
Sintering was made by the 
DTM Corporation by utilis-
ing a very simple concept 
– use a metal powder 
coated with a polymer 
and sinter the polymer 
using the same machine 

to that used for SLS of polymers. The 
comparatively fragile “green” part had 
to be further processed by a separate 
sintering process in which the polymer 
was burnt off whilst the metal powder 
sintered together. To compensate for the 
gross porosity that the part retained after 
removal of the polymer, sintering took 
place on a bed of copper or bronze, 
which melted in the sintering furnace 
and was drawn up through the part by 
capillary attraction, both strengthening 
the part and eliminating the porosity. 
This became known as “RapidTool”.  
Whilst being unique, it was hardly the 
same as direct laser sintering the metal 
powder. Still, it was a start but it did take 
the “rapid” out of rapid prototyping.

During this period, EOS GmBH, a 
German company, started to develop its 
own Selective Laser Sintering system for 
polymers. 

Materials Science in action
At about the same time as Carl Dekard 
was developing his SLS process, a 
materials scientist called Olli Nyrhilä and 
Syrjälä, S, working for Electrolux Rapid 
Development (ERD) in Finland, were 
wrestling with the concept of how to 
make traditionally sintered metal parts 
that would not suffer from the normal 
shrinkage associated with this mature 

How materials science helped develop metal laser  
sintering: a brief history
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Figure 1. DM20 
appearance (a) 
Microstructure of the 
outer skin build. (b) 
magnified view of 
the interdiffused and 
expanded copper 
phosphide/bronze 
matrix circled in (a). 
(courtesy © CRDM 
Research)
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technology. In a nutshell, the packing 
density of a powder will always be sig-
nificantly less than the final density of 
a fully sintered and pressed part thus 
introducing shrinkage. For a spherical 
powder, where the spheres are all the 
same size and randomly positioned, the 
maximum packing density will be 64% 
[3]. Now it was known that this could be 
improved by using powders of different 
size ranges (multi-modal) but this would 
still only realistically take the packing 
density up to about 90%. It was this 
remaining shrinkage that Nyrhilä et al 
wanted to address.

It is well known that materials expand 
when they are heated and shrink when 
they cool. However, some metals can 
expand at greater rates than others, a 
point not missed by Nyrhilä et al. Indeed, 
with the right combination of materials, 
diffusion of one or more into another 
can maintain that expanded state.  He 
was also aware that sintering could be 
achieved in more than one way. The 
most common way is where all compo-
nents remain solid during the heating 
process, solid phase sintering, another 
being liquid phase sintering. The latter 
is used to sinter alloys where a relatively 
low melting point component is mixed 
with the alloy powder. This component 
melts at the required sintering tem-
perature, wetting the other component 
powders and pulls them together by 
capillary attraction. By a judicious choice 
of component powders, he deduced that 
liquid phase sintering could be used with 
metals that could, by interdiffusion with 
each other, expand, due to changes in 
their crystal structure.

In 1989, Nyrhilä and Syrjälä filed a Finish 
patent based on this concept and in 
1990, filed an international patent - 
“Manufacture Of Dimensionally Precise 
Pieces by Sintering” [4] The patent sug-
gested that shrinkage could be kept at 
around 0.1%. In it, they state:

“To direct the progress of the sintering in 
such a manner that the targeted dimen-
sional precision is achieved, the powder 
mixture according to the invention is 
used, which has constituents which have 
an expanding effect, thus compensating 
for the tendency of a conventional pow-
der mixture to shrink.”

The idea was to make use of metals 
from the iron group in the periodic table, 
in particular nickel and copper. For the 
low melting point phase, they ingenious-
ly used copper phosphide, Cu3P, a met-

alloid with a melting point of 714oC. But 
the really ingenious thing was that this 
also acts as a flux when molten, remov-
ing any metal oxides from the surface 
of the rest of the powder components 
enabling the surfaces to be freely wet-
ted and enabling interaction. Indeed, the 
magic of copper phosphide went further 
as the interdiffusion of nickel/phospho-
rous/copper provided the necessary 
expansion characteristics that reduced 
significant shrinkage of the final part. 

Apart from the copper in the copper 
phosphide, the bulk of the powder 
mixture comprised of a low tin bronze 
(60-75 w%), with nickel (20-30 w%). By 
choosing carefully appropriate powder 
particle sizes for the constituent materi-
als, shrinkage could be further control-
led. The nickel particle size was chosen 
to be between 100 and 150 microns, the 
copper phosphide less than 50 microns 
with the bronze being more flexible, 
between 5 and 200 microns.

This clever application of materials sci-
ence was to provide the groundwork for 
the first single stage laser metal sinter-
ing system to be offered to the world 
of rapid prototyping. Nyrhilä realized 
that this material might be applicable to 
processing in the same fashion that SLS 
worked with polymers. After discuss-
ing his ideas with a number of poten-
tial partners, ERD came to a licensing 
agreement with EOS in 1994 for the use 
of a modified version of this low shrink-
age metal powder combination.  The 
modifications were largely to reduce the 
powder particle sizes for thin layer appli-
cations. In the same year the first experi-
mental machine was developed. The 
powder layer thickness was 100 microns 
in this machine and made use of a 100W 
CO2 Laser. In 1995, the first commercial 
machine, the Eosint M250 was launched, 
the powder being commercialised as 
Direct Metal. Further modifications of the 
powder led at first to sintering at a layer 
thickness of 50 microns, DirectMetal 50, 
with a final version, DirectMetal 20 that 
builds in layer thicknesses of 20 microns 
becoming available in 2002.

There was one potential problem in 
transferring the concept from conven-
tional powder metallurgy applications 
to laser sintering – time! As originally 
conceived, this novel powder would be 
loaded into a mould and heated to a 
temperature of about 850 oC for a period 
of time. This allowed full interdiffusion of 
the various components whose expan-
sion could take up residual porosity of 

the original powder mix. This time at 
temperature enabled a close to equilib-
rium situation. However, in the case of 
laser sintering, the laser interacts with 
the material for such a short period of 
time that such an equilibrium situation 
cannot occur. Amazingly, the process 
still worked to reduce the porosity signif-
icantly, but not as much as if equilibrium 
was achieved. This was probably due to 
the effects of Marangoni stirring that can 
enhance the speed of the molten liquid 
interaction with surrounding solid mate-
rial. Figures 1 to 2 give a visual indica-
tion of the residual porosity.

DirectMetal 20 – appliance of science
DirectMetal 20 (DM20) has been exten-
sively modified from the original patent 
of Nyrhilä, with a reduction in powder 
particle sizes and ratio of the mixtures 
but still operates on the same princi-
ples. It was developed mainly for Rapid 
Tooling – faster ways to make injection 
mould tools and inserts and has been a 
great success for this purpose. Table 1 
shows the elemental composition of the 
powder. Table 2 shows the composition 
of the three powder components.

w %

Copper 77

Nickel 15

Tin 6.5

Phosphorous 1.5

Table 1. Elemental composition of DM20

w%

Copper phosphide/copper eutectic 24

Copper/tin bronze (11.6%tin) 61

Nickel 15
Table 2. Composition of the three powder 
components of DM20

The basic sintering process remains 
unchanged. When the laser illuminates 
the powder, the copper phosphide/cop-
per eutectic melts. In its molten state, 
the eutectic is very fluid and spreads 
rapidly to adjacent powder particles, 
removing oxides by its fluxing proper-
ties and at the same time attacks and 
interdiffuses  at the surface of both the 
nickel. The bronze also mostly melts and 
further interdiffuses with the phosphide. 
The diffusion process causes an expan-
sion in the nickel and bronze compo-
nents that take up the voids originally 
present in the powder bed. As the laser 
moves on, rapid cooling occurs but the 
material now solidifies at a density which 
is greater than 90%. An examples of this 
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can be seen in figures 1, which shows 
that whilst the copper phosphide phase 
is well distributed, it is not completely 
interdiffused and porosity can still be 
seen. But, it was a major improvement 
on any existing process!

To obtain this high density, the speed 
of the laser needs to be relatively low 
and this would lead to relatively long 
build times, especially if building a large 
cavity for an injection moulding tool. 
Considering that a mould tool needs a 
high density for the face of the tool but 
only requires a moderate density for the 
bulk of the tool, sufficient to resist the 
compressive forces experienced, then 
by adopting different build strategies for 
different parts of the tool, the speed can 
be increased.

Therefore, tools built using DM20 have 
three distinctive regions – the outer skin, 
the inner skin and the core. Figure 2 
shows a part exhibiting the three differ-
ent regions.

The outer skin has a density of the order 
of 92% with every 20 micron powder 

layer being sintered and a thick-
ness of 2 mm. The inner skin has 
a density of ~ 80% resulting from 
every second layer being sin-
tered with a thickness of 2 mm. 
Finally the core has a density of 
the order of 60%. Figure 2 (b) 
to (d) shows how the density 
varies with build style. With this 
arrangement, injection mould 
tools can be built very quickly, 
of the order of 10 – 20 hours 
and have been used for injection 
moulding of the order of up to 
100,000 parts. Another advan-
tage of the porosity is that lower 
injection pressures can be used, 
together with better mould fill-
ing as the tool is able to breath, 
releasing air from the cavity dur-
ing injection of the molten plastic.

Nyrhilä went on with developing 
another material based on similar 
principles, DirectSteel 20 (DS20). 
This was based on steel, copper 

phosphide and nickel powders and was 
aimed more at the heavy duty tooling 
and component market. It built much 
more slowly than DM20 but had a much 
greater hardness and the density of the 
skin/core structure was greater. A slower 
build enables a longer time for interdiffu-
sion to occur and to come closer to the 
densification and accuracy achievable 
through conventional powder metallurgy 
using this type of powder mix.

A typical build from DS20 would have 
an outer skin of density 99.5%, an inner 
skin density of 97% and a core density 
of 94%. Such tools can offer similar life-
times as conventional tooling.

Summary
This article outlines how the application 
of a good understanding of materials 
properties can bring enormous benefits 
to emerging technologies, particularly 
rapid prototyping and manufacturing, a 
discipline that at the end of the nineties 
had been crying out for a metal RP proc-
ess. Nowadays, there are a wide range 
of metals and alloys available for what 

has largely replaced the concept of laser 
sintering – laser remelting. Improvements 
in laser technology, particularly the 
development of very high power fibre 
lasers with excellent beam quality have 
enabled metal powders to be directly 
melted in a more controlled fashion 
where shrinkage is far more predictable. 
However, the early breakthrough in the 
field was achieved by the application 
of a sound understanding of materials 
science and how it could be applied to 
emerging technologies. It is probably 
fair to say that EOS GmBH may not be 
where it is today without the appliance 
of science.
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Have you completed the AILU questionnaire on Additive Manufacturing?
The questionnaire devised for delegates at AILU's March workshop on Additive Manufacturing was also sent out with 
the previous issue of this magazine. 
We are looking for feedback, especially from those in the manufacturing sector, whether they are currently using additive 
manufacturing or not. As with all AILU surveys, the information supplied will only be used for AILU internal purposes and 
the names of those participating will not be disclosed to any third party nor used for advertising purposes.
If you would be willing to participate in the questionnaire and have not already done so, please contact the AILU office 
for a form: T: +44 (0)1235 539595  E:info@ailu.org.uk.
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Over the past few years the 
interest in Micro-Electro-
Mechanical-Systems (MEMS) 

and Micro-Optical-Electrical-
Mechanical-Systems (MOEMS) from 
research institutions, industrial firms 
and the press has risen considerably. 
Of particular interest are lab-on-a-
chip devices where many subsystems 
(ICs and MEMS) are assembled to a 
functional system for medical and 
bio-photonic applications. To date the 
main focus has been on the devices 
themselves; the research and devel-
opment of low cost, high reliability 
assembly and packaging has been 
rather limited [1, 2], and as a result 
current MEMS packaging costs can 
reach up to 90% of the overall device 
costs [3]. So what are the issues 
involved in packaging such micro-
devices? 

MEMS are sensors and actuators on a 
micro- and nanometre scale incorporat-
ing mechanical elements and electron-
ics. They are normally built on a com-
mon silicon substrate through microfab-
rication technology, although alternative 
technologies using different materials 
are being increasingly developed. MEMS 
are commonly known for the realisa-
tion of “lab-on-a-chip” devices where 
many subsystems (ICs and MEMS) are 
assembled together to make a functional 
system. The IC can be regarded as the 
brain – the decision making device – and 
the MEMS as the “eyes” and “arms” 
[4]. The IC processes the information 
derived from the sensors and completes 
the operation using the actuators. Some 
typical, widely known applications are 
accelerometers (used in airbags), micro-
pumps and Radio-Frequency MEMS 
used in communication technologies.

In contrast to ICs, where convenient 
standard packaging processes (~20% 
of manufacturing costs) already exist, 
MEMS packaging is often application-
specific posing a hurdle for a low-cost 
generic packaging process. Not only 
must MEMS packaging meet the four 
major standard requirements for IC 

packaging (i.e. signal distribution, power 
distribution, heat dissipation and protec-
tion from the environment) but it must 
also perform one additional, complex 
function; it has to ensure that the device 
can interact directly with certain environ-
mental stimuli whilst isolating and pro-
tecting it from others [1, 2]. 

MEMS devices are generally manufac-
tured by deposition and etching proc-
esses on silicon substrates (though a 
range of other materials are also used).  
Packaging can then be achieved either 
by simply bonding a suitable lid (e.g. 
glass), or by incorporating the device 
inside some other packaging (e.g. a 
ceramic chip carrier). It is clearly impor-
tant that the package should not affect 
the performance of the device, and that 
the packaging process does not damage 
the pre-fabricated MEMS device. Finally, 
hermetic and/or vacuum packaging is 
often required: this makes the proc-
ess even more application-specific and 
expensive! Indeed, it can easily account 
for up to 50% of the overall device cost 
and can even reach as much as 90% [3].

A number of different joining techniques 
have been developed but they typically 
require heating of the entire device. 
For example, the state-of-the-art tech-
niques for Si-Si & Si-glass bonding are 
direct fusion and anodic bonding. Both 
techniques provide hermetic seals but 
during the bonding process high tem-
peratures (>1000ºC) and strong electric 
fields (1000-2000V) are involved, which 
might destroy sensitive devices; also, 
successful bonding requires very smooth 
(nm-level roughness) surfaces. An alter-
native to direct bonding is intermediate 
layer bonding (ILB), a process that offers 
less stringent requirements for contact 
surface smoothness, lower bonding 
temperatures and zero electric field; and 
most importantly, localised heating can 
be applied. Common intermediate layers 
are solder, glass frit and thermosetting 
polymers, the choice being determined 
by the materials to be joined, the her-
meticity requirements and the surface 
roughness. 

ILB processes developed to date, how-
ever, generally require whole device 
heating which limits the applicability of 
the process for two principal reasons. 
Firstly, it can cause problems in manu-
facturing processes where a number of 
thermal process steps are required to 
be carried out in sequence; the addition 
of a later heating step can cause parts 
joined earlier to disassemble. Secondly, 
a requirement for whole device heating 
prevents the use of temperature-sensi-
tive materials, such as polymers and 
magnetic materials, inside the device. 
Alternative, more localised, techniques 
include resistive heating, microwave 
heating and induction heating; however, 
these are often limited to specific materi-
als and package geometries. There is, 
however, a potential laser solution.

Laser-based localised joining 
We have been experimenting with the 
use of a laser as a highly localised and 
remotely directed flexible heat source 
for packaging. A fibre delivered diode 
laser system manufactured by Laserline 
(940nm, 200W, 200 µm core diameter of 
fibre) is used in combination with a scan 
head. This laser is a relatively inexpensive 
source of photons and offers sufficiently 
beam quality to achieve a focused spot 
diameter of 300 µm which is acceptable 
for our requirements. The work reported 
here focuses in particular on the use 
of a glass frit as the intermediate layer, 
although we have also worked with other 
intermediate layers including thermoset-
ting polymers and solder. 

Figure 1: Schematic of laser bonding setup. 1: 
scan head; 2: load glass; 3: glass frit; 4: copper 
block; 5: substrate; 6: lid; 7: laser beam

Laser joining for packaging in MEMS applications and 
micro-devices

Norbert Lorenz and Duncan Hand
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Glass frit is a low temperature sealing 
glass with several advantages: it is toler-
ant to surface roughness up to a few 
hundred microns; it is industrially proven 
(in the context of whole package heat-
ing); hermetic sealing with long-term sta-
bility can be achieved; and feedthroughs 
can be run through the intermediate layer 
without affecting the quality of the seal.

The glass frit material used in our experi-
ments is DM2700P from DIEMAT. It fea-
tures a very short bonding time for the 
glazed film (<1 min), and hermetic seals 
can be achieved at 320°C in contrast to 
the 1000°C required for direct Si-fusion 
bonding. It is particularly suited for alu-
mina-based packages as its thermal 
expansion coefficient is matched to that 
of alumina. Furthermore, high adhesion 
can be achieved with most surfaces. 

A schematic of the laser bonding setup 
is shown in figure 1. In these experi-
ments, the temperature of the MEMS 
device was kept low throughout the 
process by placing the substrate onto a 
heat sink – in our case a water-cooled 
copper block. The lid with the glass frit 
intermediate layer, which was applied 
via a screen printing process, was posi-
tioned above the substrate. Pressure 
had to be applied uniformly during the 
bonding process in order to achieve a 
mechanically stable and reliable seal. 
(Non-uniform pressure might produce 
in an uneven thickness of the glass frit 
layer with a high risk of voids and leaks.) 
During the bonding process the laser 
beam was scanned at high speed (1000 
mm/s) along the track of the intermedi-
ate layer to ensure quasi-simultaneous 
heating. Also in this regard, if a 
sample is used that did not have 
sufficient absorption at the laser 
wavelength for the required bond-
ing temperature to be reached, 
a highly absorptive material (e.g. 
silicon) could be placed in good 
thermal contact with the top of the 
lid in order to increase the heat 
intake. 

We have investigated the feasibil-
ity of this glass frit - laser process 
combination with four different 

miniature packages, illustrated in figure 2:
(i) LCC (Leadless chip carrier) pack-

age. This consists of an alumina-
based substrate containing a 
recess, to which a kovar lid is 
bonded

(ii) planar LTCC (low temperature co-
fired ceramic), an alumina-based 
ceramic to which a kovar “top-hat” 
lid is bonded

(iii) planar AlN (Aluminium Nitride) 
to which a kovar “top-hat” lid is 
bonded

(iv) planar Si substrate to which either 
a kovar or Nickel cap is bonded

All are realistic packages used in actual 
device manufacture. All samples were 
packaged using the method described 
above, providing successful bonding in 
as little as one minute.

A common method to assess the quality 
of a join is to determine the hermeticity 
of the generated seal. For MEMS tech-
nologies it means an air tight seal which 
will keep gases and moisture out of the 
package. No seal is perfect and stand-
ards describe the conditions and leak 
rates under which seals can still be con-
sidered to be hermetic. These include 
the MIL-STD-883G Method 1014.11, 
JEDEC Standard JESD22-A109-A and 
ASTM F134-85, all of which are variants 
of each other.

All the packaged devices were leak 
tested to MIL-STD-883G and passed, 
with leak rates at least 10× smaller than 
the rejection limit of 5×10-8 atm cc/s. 
Recent experiments with the LCC-sam-
ples showed that the temperature in the 

centre of the package could be kept 
below 140ºC throughout the entire proc-
ess whilst meeting the required 375ºC in 
the joining region.

Currently we are developing this process 
further in order to package in vacuum, 
and a vacuum bonding chamber has 
been designed and manufactured and is 
currently being evaluated (see figure 3). 

In summary, we have demonstrated the 
feasibility of laser-based glass frit bond-
ing of a range of miniature packages, 
important for MEMS and related applica-
tions.  The laser provides localised heat 
energy, preventing damage to tempera-
ture-sensitive materials or dis-assem-
bly of other components of the overall 
system.  Glass frit is an ideal material to 
use, as it conforms well to the surfaces 
being joined, provides good hermeticity, 
and the temperatures required are rela-
tively modest.
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Figure 2: Display of different types of samples packaged by laser joining process:  
(l to r) LCC package; LTCC package; AlN package; TO-5 Cap

See Observations p38
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at Heriot-Watt University.Figure 3: Sketch and picture of vacuum bonding chamber and 

scan head. 1: scan head; 2: cooling platform; 3: pressure pad; 
4: Load cell;  5: Pneumatic cylinder; 6: Bonding chamber;  
7: Vacuum feed-throughs
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The technique of laser direct 
metal deposition (LDMD), has 
attracted much attention from 

the aerospace industry for the manu-
facture and repair of titanium- alloys 
and nickel base superalloys. LDMD 
permits near-net shape layered manu-
facturing so offers an opportunity to 
reduce material wastage during manu-
facture, and the ability to obtain a full-
density fusion bond with the substrate 
has allowed economical component 
repair within service and maintenance 
packages such as Rolls-Royce’s 
TotalCare. Traditional weaknesses of 
the process, preventing widespread 
deployment in industry, have been 
low build rates and unpredictable 
microstructure. However, due to the 
complexity of aerospace manufacture, 
and the relatively small part that laser 
processing plays in it, LDMD is not on 
the critical path, so attention in this 
field has focused on the microstruc-
ture rather than on the build rate. Now, 
work involving academic and industrial 
partners has highlighted a possible 
solution, has highlighted a possible 
solution, using equipment of the type 
shown in figure 1.

Nickel superalloys, such as Waspaloy 
are typically used in high-temperature 
environments such as within turbine 
combustion chambers due to their abil-
ity to retain good mechanical properties 
under such conditions. They are classed 
as precipitation-strengthened alloys, 
which unlike ferritic steels and titanium 
do not undergo a potentially grain-refin-
ing phase transformation during cooling 
from molten. For this reason the final 
microstructures of LDMD nickel-base 
superalloy components are typically 
much coarser and far less homogeneous 
than those formed through traditional 
forging routes [1]. In most situations 
this is undesirable - it leads to a reduc-
tion in mechanical properties, including 
proof stress and fatigue resistance [2]. 
However, sometimes it is desirable to 
have large, highly orientated grains to 
achieve high-temperature creep resist-
ance. The ideal situation would be to 
have control over the grain size, homo-
geneity and orientation during manufac-
ture to be able to best match the struc-
ture to the application.

The primary input process parameters in 
LDMD are laser power, traverse speed 

and powder mass 
flow rate. These 
directly affect ini-
tial microstructure 
and residual stress 
formation via their 
effect on the depo-
sition melt pool 
[3,4] (Figure 2). As 
shown to the right 
of the figure, both 
microstructure and 
stress can continue 
to evolve as sub-
sequent tracks are 
deposited, but they 
are mainly deter-
mined at the initial 
solidification stage. 
This makes these 
parameters candi-
dates for controlling 
the microstruc-

ture, but unfortunately they also have a 
direct effect on other process outcomes 
such as deposition track geometry, 
surface finish and overall deposition 
rate. Using them as a control method 
for microstructure can make achieving 
other process objectives difficult or even 
impossible. It has now been shown that 
a secondary parameter, laser pulsing, is 
a more successful and more independ-
ent microstructure control tool.

The microstructures in Figure 3 are taken 
from thin walls, produced from Waspaloy 
using a pulsed Laserline 160–1500 1.5 
kW high-power diode laser (808, 940 nm). 
In both cases the mean specific energy 
used was  11.75 Jmm-2 and the duty 
cycle was 0.25, meaning the laser was 
actually on for only 25% of the time. The 
only difference was that the laser pulse 
cycles for the sample in figure 3(b) were 
8 times shorter. The difference in final 
microstructure is remarkable.

The mechanical properties of parts 
built under the pulsing conditions of 
figure 3(a) would be anisotropic because 
LDMD grains have a preferred orienta-
tion. This kind of anisotropy can be use-
ful for applications requiring good high-
temperature creep strength. However, for 
applications requiring fatigue resistance, 
high aspect ratio microstructures such 
as seen in figure 3(a) can have a signifi-
cant detrimental effect on performance; 
so under these situations shorter pulse 
parameters could be used to produce 
grains with a lower aspect ratio, such as 
shown in figure 3(b).

Existing models are available to predict 
performance from microstructure and 
could be used to determine the opti-
mum available microstructure for each 
section of a component. There have 
also been many models of LDMD track 
geometry formation. Commercial deposi-
tion systems such as those of Huffman, 
Optomec and POM control track geom-
etry using feedback systems that adjust 
traverse speed or power in real time. 
What is missing, however, is a means 

Laser pulsing adds microstructure control to rapid  
prototyping

Andrew Pinkerton and Richard Moat

Figure 1: LDML in action. (left) Huffman HC-205 HC-205 Multi-Axis Laser 
Cladding System; and (right) co-axial deposition head in action at The 
University of Manchester, (lower) with laser and (upper) without
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of manipulating the microstructure in 
real time and a reliable model that  links 
microstructure to LDMD parameters, as 
shown in figure 4. 

There is a need for further research into 
the method. It has been found that some 
combinations of pulse parameters can 
affect track geometry and that quanti-
tatively predicting the effects of pulsing 
is difficult. An initial analytical model 
has been developed but FE analysis will 
ultimately be needed. To implement the 
technique fully there will also need to 
be technological support. The real-time 
process monitoring and control systems 
in LDMD systems will be crucial to the 
production of desired microstructures 
and the lasers that accompany them will 
ideally need the have the ability to mod-
ify pulse parameters in real time. But the 
aerospace industry is continuously look-
ing for higher performance materials and 

adding microstructural control to LDMD 
could provide just that for geometrically 
complex parts.

More details of the pulsed deposition 
process described here can be found in 
the paper:  
Crystallographic texture and micro-
structure of pulsed diode laser-depos-
ited Waspaloy, Moat RJ, Pinkerton 
AJ, Li L, Withers PJ, Preuss M, ACTA 
MATERIALIA 57(4),2009, p1220-1 
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Figure 2. Schematic diagram of microstructure and stress formation in Laser Direct Metal Deposition

Figure 3: Microstructures of Waspaloy prepared 
with Pulsed Laser Direct Deposition

(a) 160 ms 
period, 0.25 
duty cycle

(b) 20 ms 
period, 0.25 
duty cycle

a

b

See Observations p38
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Figure 4. Schematic of existing and possible future methods of determining LDMD process parameters 
for a component. Good feedback systems allow many ‘Process parameter’ values to be determined in 
real time.
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I n the Europe Union (EU), there is 
a legal obligation on machines 
manufacturers to implement the 

Machinery Directive and for employers 
using machines to meet the require-
ments of the Use of Work Equipment 
by Workers at Work Directive (89/665/
EEC and amendments). 

The requirement to implement the 
Machinery Directive in the EU cam 
into force in 1995. Since then, there 
have been several amendments to the 
Directive mainly to extend the scope 
to include a greater range of safety 
components. In 2006 the Machinery 
Directive was re-issued as 2006/42/EC. 
In it the range of safety components 
was extended and a number of small 
but significant changes to the require-
ments for complete machines was intro-
duced. The transition period for imple-
menting the Directive runs out on the  
29 December 2009.  

Machinery Directive 2006/42/EC 
The main categories of the Essential 
Safety and Health Requirements (ESHRs)  
remain essentially unchanged, but the 
wording has often been improved and 
examples added to make them more 
easily understood.

The information included on the 
Declaration of Conformity has been aug-
mented and must now include:

• the name and address of the person 
authorised to compile the technical 
file, who must be established in the 
Community. This is important to note 
for machinery manufactured outside 
the EU and is a particular task for an 
importing supplier;

• a sentence expressly declaring that 
the machinery fulfils the relevant 
provisions of the Machinery Directive 
and where appropriate a similar 
statement declaring conformity with 
any other applicable Directives;

• the place and date of the 
Declaration (presumably the location 
of the importing supplier or manu-
facturer);

• The definition of the “authorised rep-
resentative” of the manufacturer or 
supplier is now given as “any natural 
or legal person established within 
the Community who has received a 
written mandate from the manufac-
turer to perform on his behalf all or 
part of the obligation and formalities 
connected with the Directive." This 
is interpreted to mean “Someone 
within the EU who can be contacted 
and, if necessary, made liable should 
an incident occur”.

The use of the Declaration of 
Incorporation has been extended to 
include all “partly completed machin-
ery”, making it more clear just what was 
intended. The additional elements to be 
included in the Declaration of Conformity 
are also to be included in the Declaration 
of Incorporation.

The contents of the Technical File are 
now specified in Annex VII. The require-
ments have been more clearly specified 
with the main addition being that where 
standards and other technical specifica-
tions are listed, the essential health and 
safety requirements covered by these 
standards should be indicated.

One change that does affect laser 
processing machines is associated with 
the requirements for fixed guards. The 
ESHRs clarifies the requirements that 
when fixed guards are removed, the 
fixing system must remain attached to 
either the guard or the machine. Also 
movable guards (i.e. those guards that 
may be removed for operation or main-
tenance – but excluding those that are 
only removed for service) are specifically 
required to be interlocked. In earlier edi-
tions of the Directive, the guards were 
categorized into two types (Type A and 
Type B). This categorisation has been 
abandoned. Whilst these amendments 
may be trivial, the revised requirements 
need to be integrated into the machine.

Standards used for claiming compliance
There have been some major changes 
relating to safety-related control systems 
and acoustic noise. 

Safety-related Control Systems 
The standard for compliance of safety-
related controls, EN954-1, has been 
replaced by IEC 61508 'Functional 
Safety of electrical/electronic/program-
mable electronic safety-related systems'. 
Comprising seven parts, this standard is 
applicable to all equipment from simple 
controls to nuclear power stations, aero-
planes or automobiles. It provides a way 
of assessing all control systems includ-
ing computer-based systems. However, 
the standard is complex and can 
demand disproportionate amounts of 
time and effort to evaluate and justify the 
safety-related control of many process-
ing machine tools. 

Fortunately, a machinery sector specific 
standard, IEC 62061:2005 'Safety of 
machinery – Functional safety of safety-
related electrical, electronic and pro-
grammable electronic control systems' 
has been developed for the machines 
tool industry and adopted by CENELEC 
as a specific standard in the framework 
of IEC 61508. The standard includes 
a suggested methodology for assign-
ing safety integrity levels (SILs) and 
measures are given to co-ordinate the 
performance of safety-related control 
systems with the intended risk reduction 
taking into account the probabilities and 
consequences of random and systemic 
faults within the control system.

An simpler approach to the design 
of safety-related controls is set out in 
EN ISO 13849: 2006 'Safety of machinery 
– Safety-related parts of control systems.' 
In this approach the ability of safety-relat-
ed parts of control systems to perform a 
safety function under reasonably foresee-
able conditions is allocated one of five 
levels, called performance levels (PLr). 
A suggested method is to use the risk 
graph shown in figure 1 to determine the 
required PLr for the safety function. 

The impact of the machinery directive on laser  
processing machines

Mike Barrett

SAFETY
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EN ISO 13849-1:2006 is intended to 
provide users with a means of transition 
from categories given in BS EN 954-
1:1997 to performance levels, which 
are a more comprehensive indicator of 
functional safety. However, it should be 
noted that It should be noted that not all 
designers working in this field are com-
fortable using this standard and the UK 
publication of the standard carrying the 
following warning: 

" ..the document might lead to design 
of complex electronic systems including 
programmable systems with associated 
software that have inappropriate safety 
performance for their intended application."

Clearly, there is an overlap in scope 
between 13849 and 62061 and work 
is in progress to publish a technical 
report that will explain their relation-
ship. Clearly, 13849 can be applied to 
machinery having a low complexity of 
subsystem, including software that is 
developed separately for use with pro-
grammable electronic systems, but until 
the technical report is published 62061 
should be used for the design of com-
plex electrical/electronic/programmable 
electronic safety-related control systems 
for machinery.

Acoustic Noise
Acoustic noise can cause (among other 
things): permanent loss of hearing, tin-
nitus, tiredness and stress; and can 
interfere with speech communication 
and undermine acoustic warnings. Noise 
is not generally an issue with laser proc-
esses, many of which are virtually silent, 
but either because of the process (such 
as drilling), or associated activity, some 

laser processing 
machines are noisy.

The EU’s Machinery 
Directive has 
always included 
requirements to 
take the generation 
of acoustic noise 
into account and 
to declare data 
about the acoustic 
noise produced 
by a machine. 
Clause 1.5.8 of 
Annex 1 states 
that machinery 
must be designed 
and constructed 
in such a way that 
risks resulting from 
the emission of 

airborne noise are reduced to the low-
est level, taking account of technical 
progress and the availability of means of 
reducing noise, in particular at source. 
Surprisingly the limiting requirements are 
buried in the requirements for the con-
tents of instructions (within the User’s 
Manual) in Clause 1.7.4.2.(u). It is the 
writer’s view that most manufacturers 
paid lip-service to this requirement and 
information was rarely given and often 
little was actively done to minimise 
the hazards associated with excessive 
acoustic noise.

The conclusion of the transition period 
of the Noise Directive 2003/10/EC in 
February 2006 has changed all that.  
There are now requirements from this 
Directive for manufacturers to include the 
reduction of acoustic noise in their design 
briefs and duties on employers to ensure 
risk assessments are carried out and that, 
if required, personal protective equipment 
is provided to protect workers. 

In the latest edition of the Machinery 
Directive Clause 1.5.8 of Annex 1 has 
been extended to include a requirement 
to specify the level of noise emission 
generated by the processing machine, 
so as to allow comparisons between 
machines.

The ISO standard for Laser Processing 
Machines, ISO 11553 Series, has been 
augmented by Part 3 which is in the 
final stages of development and may 
be published in 2009. This part of the 
standard describes the requirements 
for dealing with acoustic noise hazards. 
The standard specifies the information 
necessary to carry out the determination, 

declaration and verification of airborne 
noise emission, under standardise con-
ditions, for laser processing machines 
with the scope of ISO 11553 Part 1 and 
Part 2. The aim is to give the purchaser 
the option to buy the machine that pro-
duces the least noise. The use of a noise 
test code (an acoustic industry term that 
describes the procedure, method and 
validation documentation necessary for 
making acoustic measurements) ensures 
reproducibility within specific limits. 

The standard 11553 Part 3 requires that 
noise reduction is an integral part of the 
design process by specifically taking 
into account measures at source during 
the design stage. The process is to then 
validate the success of those measures 
incorporated by inspection and meas-
urement. 

Recognising that a large number of laser 
processing machines do not generate a 
lot of acoustic noise, the standard sug-
gests a simple initial emission sound 
pressure level measurement is made 
using an inexpensive (but calibrated) 
sound level meter. The measurement is 
to be made when the machine is nor-
mally operating at a position in front of 
the operating and/or control position. 
If the measurement is equal to or less 
than 65dB then further noise reduction 
measures, measurements or documen-
tation outlined in the standard are not 
necessary. However the use of such an 
initial test is currently still being con-
tested by the EU’s Consultant for Noise, 
who wishes to see all laser processing 
machines complete the full noise testing 
requirements. 

Conclusions
Risk assessments play an important 
part in the lifecycles of laser processing 
machine design, manufacture, installa-
tion and use. Changes continue to occur 
in the requirements and standards that 
are applicable and are valuable when 
making potentially dangerous machines 
safe to use. The two major publications 
described, relating to safety-related 
control systems and acoustic noise, 
give guidance to enable designers and 
others involved the continuous process 
of improving safety of laser processing 
machines.

Mike Barrett is a senior consultant at Pro 
Laser, Abingdon, UK

Contact:
E: mikeb@prolaser.co.uk

Figure 1. Copy of figure A.1 from EN13849-1 — Risk graph for determining 
required PLr for safety function
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A comparison of pulsed lamp-
pumped Nd: YAG and fibre laser 

micro-processing
Mo Naeem and Steffan Lewis

This is a short paper which possibly 
attempts too broad an overview. Cutting, 
drilling and joining of a range of material 
types of various thicknesses and with 
various kerfs is a lot to cover!

In two pages Mo seeks to compare two 
technologies which would seem to have 
too little in common. In attempting to 
compare this rod laser with this fibre 
laser, it appears that from an applica-
tions’ perspective that it is rather ‘apples 
compared with pears’. 

What we end up mainly illustrating is 
that selection of the right technology 
is crucial at the outset - clearly for all 
tests requiring kerfs of <60 µm one laser 
was entirely unsuitable and for all tests 
involving material thicknesses >1 mm 
the other was largely unsuitable.

I was also mystified as to why the dross 
qualitative judgment, ranking from A+ to 
D, was introduced and then never again 
referred to.

The work could have been more worth-
while if the comparison had been made 
between two lasers with somewhat clos-
er capabilities. The fibre laser described 
would seem to be representative of 
several such products on the market 
(Rofin offers similar mode quality from 
its cw fibre range going up to 1 kW). It 
was introduced as a product capable of 
operating at up to 200 W but there were 
no results above 100 W, which will have 
negatively impacted the throughput in 
the fibre results.

 The pulsed YAG laser clearly has a far 
poorer beam quality as the same optics 
give a 60 µm spot compared to around 
20 um for the fibre laser. This dimen-
sional ratio of three introduces a power 
density ratio disadvantage for the pulsed 
YAG of nine and means that the YAG is 
not even ‘in the game’ for the fine cut-
ting of medical stents. A more meaning-
ful comparison could have been drawn 
if a pulsed YAG with better beam quality 
was selected. Rofin has for many years 
shipped a high beam quality pulsed 
YAG laser which is capable of delivering 
150 W in multimode or can be apertured 
down to TEM00. In the latter mode we 
routinely cut 100 - 200 µm thickness 
stent tubes with a kerf of less than 
20 µm, which would have been a better 
comparison with the TEM00 fibre source.

 Perhaps therein is a key difference 
- the ‘traditional’ pulsed YAG can be 
very flexible, the selection of a TEM00 
mode aperture allowing it to compete on 
almost equal terms with the fibre laser 
for finer work or operating ‘full bore’ 
when thicker/reflective materials demand 
high pulse energies that the fibre laser 
cannot deliver.

Andy May    Rofin-Baasel

Exploiting internal material re 
actions in glass using ultra short 

laser pulses
David Ashkenasi and Andreas Lemke

This excellent and informative article 
presents detailed study of modification 
of glasses (quartz, BK7 and soda lime) 
when high intensity fs (800nm, 1kHz) 
and ps (50kHz, 1064nm, 532nm and 
355nm) laser pulses are focused inside 
these “transparent” materials. The result-
ing optical modifications such as micro 
density changes and defect generation 
causing colour changes are shown to be 
highly dependent on focussing NA as 
well as wavelength.

For example, micro-dots were produced 
inside quartz on a 2 micron pitch with 
single, 5uJ, 250fs pulses, and high NA 
focusing aspheric. Peak intensity at the 
focal spot (<1um diameter) reaches I 
> 1015 Wcm-2, a remarkable intensity 
capable of photo-ionising any dielectric 
material, initiated through non-linear 
multi-photon absorption. By structuring 
the core of a multi-mode quartz opti-
cal fibre with these micro dots, a useful 
medical diffuser device was fabricated 
by scattering the light propagating down 
the core.

Laser induced colouring of BK7 and 
soda lime glass was also demonstrated 
when focussing at low NA (f-theta lens, 
f>80mm) with pulselengths from 0.1-
10ps and modification depths >10mm 
were demonstrated, particularly at 
355nm (6ps) where the UV wavelength 
is close to the substrate absorption 
edge. Careful control of scan speed, 
wavelength and pulse energy resulted in 
colouring as well as formation of micro 
dots and this technique produces some 
impressive diffractive effects and  per-
manent marks and patterns inside opti-
cal materials. 

Walter Perrie  Liverpool University

An interesting article, ultra short pulse 
lasers are particularly effective in micro-
structuring transparent materials with 
a resolution smaller than the laser spot 
size. The medical fibre diffusers they 
describe would be used in photodynam-
ic therapy applications, and laser struc-
turing appears to increase output emis-
sion length in a uniform manner without 
affecting the mechanical strength of the 
fibre.

The other processes described, the high 
resolution micromarking of glass has 
potential applications in security and 
brand protection. Using the short pulse 
laser optically diffractive features could 
be directly embedded either covertly or 
overtly in glass materials. The optical 
properties of the mark appear to vary 
according to the micro dot density.  We 
may see more of these applications 
once short pulse laser systems become 
more affordable.

Paul Apty    Rideo Systems 

The use of CW lasers for colour centre 
development has been in routine use 
since the early 80's, in fact a lot of tun-
able laser crystals are manufactured with 
either laser exposed or e-beam exposed 
crystal production. The authors describe 
the fade issue - this can be overcome 
by processing at low temperature and 
room/elevated annealing to fix the cen-
tres, usually you need to process in the 
dark as well. What I am not sure about 
here is what benefit the use of the pico 
laser gives compared with slightly longer 
(and cheaper) pulses - nano sec for 
example?

John Tyrer    Loughborough University

How Materials Science helped 
develop metal laser sintering

Chris Bocking

The article presents a brief yet compre-
hensive review on the evolution of laser 
metal sintering. It is interesting to read 
and provide useful information on this 
route of metal fabrication.  

The most interesting side of the article 
is how the shortcoming of a process 
is tackled intelligently by metallurgi-
cal understanding on the character-
istic properties of metallic materials. 
Development of ‘rapid prototyping’ had 
faced significant challenges because of 
metal shrinkage. The shrinkage after sin-
tering is due to low packing density of 
the powder and also due to shrinkage of 

OBSERVATIONS
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the metal powder as it changed through 
a molten state to solid. The first prob-
lem was overcome by using different 
particle sizes while significant challenge 
remained on the shrinkage behaviour 
that introduces significant porosity on 
the finished part. The article described 
how basic material science approach 
was deployed to overcome this problem. 
A mixture of low tin bronze, Ni and Cu3P 
was used to overcome the problem of 
shrinkage. The low temperature metal-
loid, Cu3P, melts first and acts as a flux 
to combine with the oxide adhering to 
the powder surface. This results into effi-
cient melting and sintering of the metal 
powder. Also Cu3P, promotes inter-dif-
fusion of nickel/phosphorus/copper to 
provide the necessary expansion char-
acteristics to counter shrinkage during 
cooling. 

The article also elaborates the short-
coming of laser heating as opposed to 
conventional powder metallurgy route. 
The heating using laser process is much 
faster to reach equilibrium heating too 
complete inter-diffusivity of elements. 
The incomplete inter-diffusion results 
into shrinkage and resulting porosity. The 
problem to a large extent was tackled by 
development of DirectMetal 20 powder 
with varying particle sizes and composi-
tional fraction of the three main compo-
nents. DM 20 was successfully applied 
to produce components for injection 
moulding tool with density greater than 
90% and life expectancy similar to that 
of conventional tools.  

The article provides excellent back-
ground information and deployment 
of basic scientific knowledge towards 
development of metal laser sintering for 
engineering applications. 

Supriyo Ganguly    Cranfield University

Chris Bocking has presented an interest-
ing perspective on the tortuous route 
that technology developments frequently 
take.  All too often, these are presented 
as some kind of fait accompli. It is inter-
esting to decompose these in a more 
anecdotal form, although with this there 
is always the risk of fallible memory and 
subjective interpretation.

 He expands on a lot of valid points on 
the historic limitations of rapid prototyp-
ing and latterly rapid manufacturing as 
a result of materials technology.  This 
throws into sharp relief the fundamental 
triangular relationship between material, 
process and product and how the inter-
actions between these factors are often 

complex in nature.  His basic thesis is 
that applications success is based on 
sound understanding of the underlying 
materials science, but this cannot be 
divorced from the process (energy trans-
fer) and product design aspects.  This 
is perhaps why, so often, developments 
such as this are the result of iterative 
development by numerous individuals 
and organisations and why, consequent-
ly, it is good to talk.”

Neil Calder      Engineered Capabilities

This is an excellent review of the evolu-
tion of selective laer sintering process 
from the fundemental material science. 
University students will find this particu-
larly useful. 

Improving part geometry accuracy, den-
sity and build time has been the driver 
for selective laser sintering research.  

The latest development has been the 
single metal direct laser melting process 
that has enabled full density single proc-
ess production of  metallic parts with 
common commercial metallic powders.

Lin Li    Manchester University

What an excellent and readable review 
of this important development in laser 
processing! Throughout the late 90’s and 
this decade we have seen the growth 
of selective laser sintering into a main-
stream laser process, far more so than 
its competitive process using blown 
powder techniques.

However what I find most telling about 
this article is the pivotal importance of 
the material scientist in this develop-
ment. Metallurgy and materials science 
of this nature has arguably taken a 
back seat in the development of laser 
processing. 

Unfortunately with a concentration on 
micro and nano processes, and research 
often driven by the characterisation 
of new short pulse lasers, this lack of 
materials science input into our laser 
processing research is likely to continue.

Martin Sharp Liverpool John Moores Uni

Laser joining for packaging in 
MEMS applications and micro-

devices 
Norbert Lorenz and Duncan Hand

I found this article both interesting and 
informative. The idea of laser-assisted 
bonding is an extension to other simi-
lar work going on elsewhere but the 
authors placed their work in an excellent 
perspective. There were a few posi-
tive things which struck me about this 
article: (a) this is research where the 
work was done on real-world devices; 
(b) the simple effectiveness of the 
work and concise nature of the article 
is refreshing and (c) the results for the 
heat control, the bonding and hermetic 
sealing are very clear and noteworthy. 
In these respects this piece of work is 
almost an exemplary case study for the 
uses of lasers: the role of the laser itself 
is almost trivial and hardly mentioned 
yet the highly precise and controllable 
light which is required from the laser 
(to obtain the correct thermal loading 
in specific locations) is the key element 
in the success of the bonding. It is still 
astounding what lasers can do.” 

Nadeem Rizvi    Laser Micromachining

A well presented and informative article 
touching on some of today's topical 
issues on packaging of MEMS optics 
and electronic devices. Low-stress her-
metic sealing techniques are required 
especially for devices that are getting 
ever more complex, whereas low-tem-
perature alternatives are particularly 
useful, for instance, in bio-photonics to 
safeguard enzymes and antibodies, or in 
structures where batteries in close prox-
imity to joints need to be protected. 

In finding low-temperature solutions, 
TWI's experience reflects what the 
results show here, successfully fusing 
glass for sealing glass or ceramic pack-
ages. In those cases where the devices/
packages can be metallised, the use of 
other techniques, such as laser soldering 
could also be considered. With refer-
ence to anodic bonding glass to silicon, 
our experience is that it is possible to 
achieve successful joints at tempera-
tures in the range of 300-400ºC.

Geert Verhaeghe     TWI
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Laser pulsing adds microstructure 
control to rapid prototyping

Andrew Pinkerton and Richard Moat 

It is well established in laser welding that 
to reduce the possibility of cracking in 
the weld seam, the laser beam should be 
pulsed, with a pulse duration of anything 
up to 20 ms. Such pulsing reduces the 
thermal load on the weld seam during 
weld formation and allows materials that 
once were thought not to be weldable to 
now be welded in a repeatable fashion. 

What Andrew and Richard at Manchester 
University have done is extend the use 
of laser pulsing as a controllable param-
eter in the laser cladding process. The 
main parameters in this process are 
laser power, speed of the cladding head 
over the workpiece surface, and mass 
flow rate of powder.  By adding a 4th 
variable opens up new possibilities for 
laser direct metal deposition (otherwise 
known as laser cladding).  I believe that 
pulsed LDMD was tried with some suc-
cess at the ILT Fraunhofer in Germany 
several years ago, although the exact 
details of the process escape me.  

Much of the science behind laser clad-
ding of Ni-based, Co-based and super-
alloy materials has been achieved with 
great success over the past 20 years. 
We know that the solidification rate 
of the melt pool is dominent in deter-
mining the resulting microstructure of 
the clad layer.  We also know that DS 
(Directionally Solidified) and amorphous 

glass metals can be produced by the 
cladding process and that these results 
depend on the characteristics of the 
laser beam.  By having greater control 
over laser parameters and the resulting 
microstructure of the clad layer or the 
weld repair process, the versatility and 
capability of the cladding process is fur-
ther extended.

Much of the mystery has been taken 
out of the cladding process in recent 
times but in the search for ever more 
exotic materials and advanced material 
properties for operation in increasingly 
hostile environments, ever more novel 
repair methods are needed. Dedicating 
resources to developing the parameters 
of the pulsed cladding process might 
shorten the development time and the 
team at Manchester should be congratu-
lated for leading the way.

Leo Sexton   LaserAge

Laser direct metal deposition is a grow-
ing area of research with significant 
potential for economic return.  This arti-
cle focuses on the potential benefits of 
the technology to the aerospace industry 
for the manufacture and repair of tita-
nium and nickel based components. The 
authors have highlighted one aspect of 
the process which has received limited 
attention to date – the microstructure of 
the manufactured parts. 

The microstructure of laser deposited 
titanium and nickel based components 
tends to be coarser than that of forged 

components. This is not desirable as it 
leads to a reduction in the mechanical 
properties of the component. The control 
of microstructure is governed by the glo-
bal operating parameters such as laser 
power, process speed and powder mass 
flow rate through to deposited track 
geometry, surface finish and deposition 
rate. However, there are limitations on 
the degree to which microstructure can 
be manipulated using these variables. 
The authors have been investigating the 
use of a pulsed diode laser and their 
results clearly show the effect of laser 
pulse duration on the formed microstruc-
ture of Waspaloy, a nickel superalloy.  
They suggest that commercial laser dep-
osition systems supplied by such com-
panies as POM, Optomec and Huffman 
should incorporate this feature into their 
machines in order to make them more 
flexible for the user.

As a researcher who has worked and 
published in the area of pulsed laser 
cladding, I fully support their findings 
and the suggestion to incorporate such 
features into commercial laser deposition 
systems. However, in introducing addi-
tional process variables the approach 
adds another level of complexity to the 
process. Nevertheless, further research 
and process modelling will, in my view, 
lead to the adoption of the approach for 
microstructure control in these and other 
alloy systems. 

Milan Brandt    Swinburne University 
                        Melbourne, Australia

Everything was on the up at this year’s 
Subcon show, which ran from 9 to 11 
June at the NEC Birmingham. Visitor 
numbers were up 30%, there were 280 
exhibitors and a positive atmosphere 
of business being done. AILU job shop 
members Dave Lindsey (Laser Process) 
and Dave Connaway (Cirrus Laser) were 
amongst the exhibitors and were posi-
tive about the number and quality of the 
enquiries they received, though com-
mented on the strong representation 
from outside the UK. 

According to the show organisers, the 
total spending power of visitors to the 
show came to over £1.8 billion of out-
sourced work per year, with over half of 
them directly making purchasing deci-
sions. 60% said that they had come 
specifically to look for new suppliers 
– with 94% of them looking for UK sub-
contractors and 35% also looking for 
overseas suppliers.

Underlining the high added value 
requirements of UK manufacturing, a 
significant proportion of visitors said 
they were active in high technology 
sectors that included aerospace – with 
34%, defence with 20%, medical with 
15% and electronics with 20% and over 
30% of visitors active in the automotive 
sector. 

The representation from UK exhibi-
tors included a number supporting 
Subcon for the first time this year. These 
included the National Skills Academy 
for Manufacturing, MAS, Birmingham 
Chamber of Commerce, as well as 
trade organisations including SBAC, the 
society of British aerospace companies, 
GTMA, and the Confederation of British 
Metalforming.

This year’s Subcon had a strong 
international dimension, with national 
pavilions and individual exhibitors from 

countries including 
France, Denmark, 
The Netherlands, 
Spain, Portugal, 
Turkey, Slovakia, 
The Czech Republic, 
China, Taiwan, 
India, Pakistan and 
Thailand.

Event Director Jon Hughes said: 
“Despite the gloomy background this 
was one of the most successful Subcon 
shows of the past 20 years. Not only 
was there a buzz of activity wherever 
you went, but people were doing real 
business, sharing drawings and asking 
for quotes on current projects. We are 
looking forward to building on this in 
2010, adding even more value for our 
visitors and exhibitors.”

Subcon returns to the NEC next year 
from 8 to 10 June alongside MACH.

SUBCON 2009 C
ourtesy N

ational skills Academ
y
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The Airbus facility in Filton, Bristol, pro-
vided a most appropriate setting for the 
biannual workshop on Additive Layer 
Manufacturing (ALM) by laser. Nearly 70 
delegates attended the event, with a full 
programme of presentations, plus a table-
top exhibition and a visit to the Airbus 
Composites Structures Development 
Centre (CSDC), which incorporates the 
Additive Layer Manufacturing Centre. 

The presentations opened with a wel-
come from Dan Johns, the Transnational 
ALM Technology Programme Manager, 
who went on to introduce ongoing work 
on sustainable technologies for EADS 
(European Aeronautic Defence and 
Space). He described how Airbus has 
established a leading international centre 
of excellence in polymeric and metallic 
ALM technology capability and a world 
class team. The core focus of the team 
is to create ‘industrial ready’ applica-
tions and build the research program for 
next generation platform technology. The 
ALM program is now operating over 20 
collaborative projects across National 
and International funding agencies.  

Tim Biermann of the Fraunhofer ILT 
described new developments in laser 
cladding for industrial manufacturing 
processes, including nozzle design (with 
powder focus diameters of less than 
100 µm possible) and delivery systems 
for internal powder coating. Applications 
included the production of small (~100 
µm diameter) raised silver or gold points 
for electrical contact, graded layers for 
improved wear characteristics and the 
reconditioning of turbine engines.

Rob Scudamore of TWI described the 
strategic development initiative, which 
aims to systematically derive best 
parameters for depositing specific alloys 
of aerospace and power industry inter-
est.

Helen Lockett from the School of 
Engineering at Cranfield University 
summarised the progress on RUAM 
(Ready to Use Additive Manufacturing), 
a £2M industry funded initiative with 
the Cranfield Innovative Manufacturing 
Research Centre (IMRC); a project with 

12 industrial partners that com-
menced in November 2007 and 
runs for 4 years. The emphasis is 
on essential design requirements. 
Examples included the addition of 
novel ribbing to produce stiffened 
structures. One of the outputs of 
the programme will be a book of 
design guidelines.

Laser Cladding Technology is one 
of very few UK organisations pro-
viding a commercial cladding job 
shop service. Although established 
in 2003, the history of the com-
pany goes back to the formation of 
Technogenia in France in 1979 and 
the development of various hand-
applied and powder hardfacing 
compounds, culminating in 2000 
- 2002 to the launch of the Lasercarb® 
Process using Technolase® powder, 
which is sold under licence around 
the world. In reviewing the technology 
Paul Goodwin, LCT's R&D Metallergist, 
pointed out that there are advantages 
and disadvantages to each laser source 
and powder delivery, some inherent and 
some application specific. Reviewing 
applications, he explained how oil and 
gas tooling is LCT's core business, but 
that they have many other markets.

Andrew Cockburn from Bill O'Neill's 
group at the University of Cambridge 
described the laser assisted cold spray 
process. This was followed, after lunch, 
by a presentation by Didier Boisselier 
of IREPA LASER, France, on the novel 
CLAD® process, micro-cladding in par-
ticular, offering high process stability 
and powder catchments efficiency. The 
themes of these two presentations are 
addressed in articles by the present-
ers in Issue 53 of this magazine (Winter 
2008) on pp30 and 28, respectively.

Juergen Metzger of Trumpf in Ditzingen, 
Germany presented their range of laser 
metal deposition (LMD) equipment and 
some key applications. Trumpf sup-
ply LMD systems and components to 
address both large and small scale, high 
quality and high deposition rate uses. 
He emphasised that cost reduction and 

increased quality were the main factors 
affecting the uptake of the technology 
and highlighted new prospects with 
regard to “not repairable” highly inte-
grated parts.

Otto Märten of Primes, Germany, 
addressed quality assurance in laser 
additive layer manufacturing, especially 
focus monitoring of the laser parameters 
(see Issue 53, p6) for long term process 
stability and reliability.

In the final presentation of the day, 
John Tyrer of Loughborough University 
described the use of diffractive optics to 
transforming the laser beam profile and 
how this can be used to control thermal 
gradients and microstructure in cladding. 
This theme is addressed in an article by 
John's team in Issue 53 pp40.

As Stewart Williams, Workshop Chair, 
points out in the President's Message in 
this issue, this was a highly successful 
event, which covered the whole spec-
trum of activities in the ALM field. The 
level of enthusiasm confirmed the cur-
rent UK interest in additive manufacture, 
and supported the interest within the 
Association in forming an additive manu-
facture Special Interest Group.

The association is most grateful to 
Airbus for the use of their facilities and 
for hosting this event.

Additive Layer Manufacturing
26 March 2009, Airbus, Filton, UK

Workshop speakers: (l to r) Didier Boisselier, IREPA Laser, 
France; Dan Johns, Airbus UK; John Tyrer, Loughborough 
University; Tim Biermann, Lehstuhl fur Lasertechnik 
(Fraunhofer ILT), Germany; Juergen Metzger, Trumpf 
Laser System Technik GmbH, Germany; Otto Märten, 
Primes GmbH, Germany; Andrew Cockburn, University of 
Cambridge; Helen Lockett, Cranfield University;  
Paul Goodwin, Laser Cladding Technology Ltd;  
Stewart Williams, Cranfield University, Chair.  Not shown is 
Robert Scudamore, TWI Technology Centre (Yorkshire) Ltd 

PDFs of presentations for the ALM workshop and other recent events can now be found on the AILU web site (click the 
'events' link in the left column and then the 'presentations' link that appears below it). Contact the AILU office for the pass-

word of the event of interest, which is free to persons who attended the event. 
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As always if not more so, there was far 
too much going on at the 2009 bian-
nual Munich laser show for one person 
to cover. In addition to the massive 
exhibition area (over 1000 exhibitors in 
4 halls - one more hall than in 2007), 
there were several laser conferences 
running in parallel (including Lasers in 
Manufacturing), one day events (includ-
ing Laser Marketplace) and a variety of 
round table panel discussions and other 
special events. Thank goodness for the 
UK Pavilion where there was always the 
offer of refreshments and a place to sit! 

With so much on offer, this short review 
on 3 days at the show can only paint a 
very low resolution picture of the event.  

As it happens, by chance I happened 
to be on the IPG stand first thing on 
Monday morning to be greeted by the 
announcement that their 10 kW single 
mode production laser had been suc-
cessfully tested: 10 kW through a single 
mode fibre, with an efficiency of over 
23%. Applications include remote cut-
ting and welding. Remote processing 
with high speed scanning and high 
power places unusual demands on 
optics, which is why I found the large 
aperture silicon carbide optics on the 

optoSiC stand (see 'Optics revolution-
ises laser scanning potential' on p17) so 
exciting.

There was only a slight drop in the 
number of professional attendees (main-
ly professionals from the industrial sec-
tor), from 26,655 in 2007 to over 24,000 
this year, a 3% growth in the number 
of exhibitors and a growth from 53% in 
2007 to 57% in the companies attending 
from outside Germany. 

Judging by the attendance at the various 
free application panels (such as the one 
on biophotonics organised by Coherent) 
there is a lot of optimism around in 
the medical and solar energy sectors. 
Understandably there was a general 
whiff of 'doom and gloom' in laser-based 
manufacturing, presumably because 
of the collapse of the automotive sec-
tor, but this was largely masked by an 
optimism that laser-based manufactur-
ing can benefit from its efficiency in the 
use of materials and in extending the 
life (including repair) and, by designing 
for laser-based manufacture, increas-
ing the energy efficiency of products. 
Meanwhile, if the level of interest at 
the scientific/R&D stands was anything 
to go by, this sector remains relatively 

unscathed by the recession. 

The view expressed by David Belforte, 
editor of Industrial Laser Solutions, in his 
presentation at the Laser Marketplace 
event, and backed up by discussions he 
had with exhibitors at the show, is that 
"the third quarter will be flat, the fourth 
will see some small growth in low-power 
lasers, and the big ticket items will not 
see substantive sales increases until well 
into the first half of 2010."

A major engineering theme of the show 
seemed to be 'innovate to counter the 
effects of the recession'. If nothing else, 
the slowing down of sales seems to 
have acted as a spur for suppliers to 
review their product lines in response to 
the financial pressures on laser users.

Mike Green   Editor

EVENT REVIEW

LASER World of PHOTONICS Exhibition
June 15 - 18 2009, Munich, Germany 

C
ourtesy Electrooptics.com

Free event at the show: the CEO round table

This one day seminar organised by UK 
Displays and Lighting KTN, supported 
by the Photonics KTN, highlighted, for 
me at least, the growing importance and 
UK interest in plastic electronics.
Tom Lippert of the Paul Sherrer Institute, 
Switzerland gave a fascinating intro-
duction to developments in LIFT, the 
coating technique by which material is 
transferred between two closely spaced 
surfaces by pulsed laser ablation.
Three presentations at this workshop 
highlighted the presence of a local clus-
ter in laser micro-processing companies 
in the Abingdon area. The second talk 
of the day was by Dimitris Karnakis of 
Oxford Lasers who gave an update on 
their work applying picosecond abla-
tive patterning on flexible substrates 
for OLED lighting (see Issue 53, Winter 
2008, p26). This was followed by a 
talk from Adam Brunton from M-Solv, 
Oxford, an offshoot of Exitech. Adam 

spoke about using ink-jet technology 
to print electronics and the role of laser 
micro-processing to add high resolution 
patterning to the printed features. (The 
M-Solv MSV-101 inkjet/laser processing 
machine was launched at the Munich 
show). The third 'cluster' presentation 
was Mike Osborne from Optek Systems, 
who described Embedded Tracks and 
ORFIDs. These devices, which have 
been used in UK passports since 2007, 
are required to be cheap and relatively 
simple; Mike described progress in 
a 2-year TSB-supported programme 
on ORFID development that they are 
involved in with Liverpool University 
(organic electronics), Uvasol (cur-
ing), Needham Group (inks) and API 
Laminates (conversion).
Mary O’Neill, University of Hull, spoke 
about research in the Physics and 
Chemistry Department on photo-induced 
surface structures in semiconducting 

liquid crystals, including the first dem-
onstration of a grating with a minimum 
grating period of 265 nm and a maximum 
depth of 125 nm, photo-embossed in a  
light-emitting semiconductor.
Later in the day Walter Perrie, University 
of Liverpool, spoke on parallel laser 
processing with spatial light modulators. 
(See Issue 54, spring 2009, pp30.) This 
was followed by a talk on the use of 
laser ablation in embedded components 
technology by Johan de Baets of IMEC 
and one by Chris Rider of Kodak on 
processes for self-aligned patterning in 
the creation of OLEDs using a capillary 
wicking concept whereby micro-replicat-
ed channels are produced in a substrate 
(possibly by laser) and the functional 
liquid is transferred by ink-jet technology 
to the relatively large reservoir to which 
the capillary is connected. This ended an 
altogether exciting day!
Mike Green    Editor

Laser Processing for Plastic Electronics
13th May 2009 Abingdon
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Continued on p47

NOLAMP12
Copenhagen 24-26 August 2009

NOLAMP, the international conferences 
focusing on laser materials processing 
take place every second year in the 
Nordic countries.  

The conference will cover the latest 
laser research and development work 
performed by industry, institutes and 
universities in the Nordic countries and 
elsewhere. Dedicated sessions within 
the various topics of the conference 
will each contain one or two invited 
key-note presentations. 

Conference aim
The aim of NOLAMP is to provide 
a forum for people from industry, 
research & development as well as 
students to have fruitful, free and infor-
mal exchange of views on the applica-
tions of lasers in materials processing. 
The main objectives are:

• To create a forum for presentation 
and discussion of research papers 
from industry, and academia. 

• To present the industrial state-of-art 
in laser processing, laser sources 
and other equipment. 

• To discuss present trends within 
laser processing of materials, identi-
fying future requirements with regard 
to process and equipment develop-
ments in laser-based fabrication 

• To bring together experts within the 
field of laser processing of materials 
to initiate collaboration and other 
forms of networking. 

The scope of the conference covers:  
industrial applications and experience 
including medical applications; tradi-
tional processes (e.g. cutting, welding, 
marking, drilling and surface treatment); 
hybrid techniques; novel processes 
(e.g. rapid prototyping, laser form-
ing), materials removal and ultra-short 
pulse laser processing; polymer weld-
ing; microjoining; simulation of laser 
processing; absorption, fluid flow and 
heat transfer phenomena; lasers sourc-
es and laser systems, including optics 
and beam delivery systems; quality 
control and standardisation; monitoring, 
process sensing and control; laser safe-
ty and environmental aspects; design 
for laser processing; comparison of 
laser processing techniques.  

Programme details and registration at:  
http://www.nolamp12.dk/index.php

EXPOlaser 
Piacenza exhibition centre 

Italy 19 - 21 November 2009

EXPOlaser is the only Italian exhibition 
able to offer a complete overview on 
laser-based processing, production 
and control systems, and associated 
specialized components. 
Previous EXPOlaser events attracted 
almost 200 exhibitors and represented 
firms, with almost 7000 professional 
national and international visitors rep-
resenting a wide range of fields from 
plastic to metal manufacturing, pack-
aging to textile and confection, from 
fine art to food industry, from restora-
tion and glass manufacturing to univer-
sities. All have shown an appreciation 
for the numerous demonstrations on 
display,  especially with regards to cut-
ting, welding, marking and engraving 
processes.

EXPOlaser’s organisers have been 
working hard to internationalise the 
event, starting with UBIFRANCE, a 
collection of  French companies in the 
field of laser technology and with an 
interest in the Italian market.

All visitors will be able to examine the 
potential of different laser processes, 
and thus find an answer to their own 
particular needs. 

And to further underline the applica-
tions emphasis of the exhibition, ample 
attention will be paid to ‘job shop 
lasers’, which will once again create 
the possibility of visitors changing 
their role to that of exhibitors, in order 
to offer know how and advice over 
diverse product sectors.

Linked to the exhibition will be a 
conference devoted to laser safety, 
with valuable contributions from both 
national and international experts. they 
will address updates on the regula-
tions and the roles of the Laser Safety 
Officer and Laser User and the various 
aspects of risk assessment. 

Further details:
W: http://www.expolaser.it 
E: info@publitec.it

EVENTS
AUGUST
24 NOLAMP (24 -26) 

12th  Nordic Conference in 
Laser Processing of Materials  
Copenhagen

 http://www.nolamp12.dk

SEPTEMBER
22 AILU Workshop 

Meeting future manufacturing 
needs with laser-materials  
innovations at the micro- and 
nano level

 STFC Rutherford-Appleton 
Laboratory, Didcot 
See inside back cover. 
Programme flyer to follow.  
RESERVE YOUR PLACE NOW!

OCTOBER
20 MM LIVE 2009 (20 -21)
 A global showcase for  

everything to do with the mass 
manufacture of small to micro 
precision parts

 Ricoh Arena, Coventry 
http://www.micromanu.com

 

28 AILU Jobshop Workshop
 JS09: The annual business 

meeting for laser job shops
 Amada, Kiddermister 

 DETAILS TO FOLLOW

NOVEMBER
2 ICALEO (2-5) 

Orlando, FL, USA
 http://www.icaleo.org
 

19 EXPOlaser (19-21) 
Piacenza exhibition centre, 
Italy

 http://www.expolaser.it
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Believe it or not, back in March whilst 
finishing off the previous issue of this 
magazine, I had planned on May and 
June being quiet months, especially 
with there being no AILU workshops 
to organise. But it was not to be, and 
despite the best of efforts and only 
one week of holiday in the period, this 
Summer issue has become dangerously 
late: I can only hope that the autumn 
issue will be out before winter!

As I write, the Industrial Laser 
Applications Symposium (7 & 8 July) 
was a week ago, and it was a great relief 
for all of us involved in its organisation 
that it attracted over 100 delegates and 
went off so well. The symposium dinner 
was a highlight for me because it was 
the first time that anything approaching 
50 AILU members and colleagues have 
shared a relaxing meal together at an 
Association event. After nearly 15 years 
this was not before time!

Of course, there is a flip side to all of 
this, which may be summarised in the 
observation by some of the exhibitors 
at the Symposium, that there were rela-
tively few potential sales leads in the 
delegate list. Many academics attended, 
but try as we might (and for this event 
we teamed up with Make It With Lasers 
and included introductory presentations 
to entice potential and new laser users) 
it remains very difficult to penetrate 
manufacturing industry. That said, the 
vibrancy of the UK laser community 
was illustrated by the completion of 
a 'Statement of need for high power 
laser processing facilities for the UK 
research bases', a document drafted 
and completed in a little over the 2 days 
of the Symposium and endorsed by 75 
academic and industrial organisations. 
It was submitted to the grant body (the 
EPSRC) by the deadline, which was the 
following day. The main driving force for 
this was Lin Li of Manchester University, 
who heads the Product and Process 
SIG, one of several such Special Interest 
Groups formed within AILU over the last 
2 years.

The success of the recent Munich laser 
show reflects the confidence of the 
international laser community. What 
happened at ILAS last week was also a 
vote of confidence in the bright future 
we see for lasers in industry. 

Mike Green, Editor  
mike@ailu.org.uk
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AILU Events

Meeting future  
manufacturing needs 
with laser-materials  
innovations at the 

micro- and nano level 
Tuesday 22 September

Rutherford - Appleton Laboratory 
Didcot, Oxon.

A 1-day AILU workshop from users, 
technology providers and researchers  
addressing key areas for lasers in the 
future of UK manufacturing
Chaired by Malcolm Gower of 
Nanophoton Technologies.

Programme includes:

The use of lasers for fabricating MEMS 
devices 
Andrew Holmes, Imperial Collage 
London

Nano-applications in healthcare and life 
sciences 
Bob Stevens, Rutherford Laboratory

Laser manufacturing – reducing the 
time to market for micro-technology 
products 
Nadeem Rizvi, Laser Micromachining

Micromachining with nanosecond 
pulsed fibre lasers 
Jack Gabzdyl, SPI Laser

Laser processing systems to meet 
future manufacturing needs 
Alan Boor, Swiss Tec

The Laser Micromachining of Sapphire 
and Diamond 
Neil Sykes, Microanics

Enhancing laser microprocessing appli-
cations with smart control systems 
Paul Apte, Rideo Systems

Ultrafast Laser Patterning of OLEDS & 
Plastic Electronics 
Dimitris Karnakis, Oxford Lasers

Supported by the Nanotechnology KTN

Presentations, exhibition, tour and lunch-
time clinic for 1 to 1 consultations



The Laser User       Issue 55, Summer 2009

CONTENTS

MEMBERS’ NEWS
Association. . . . . . . . . . . . . . . . . 1
People . . . . . . . . . . . . . . . . . . . . 2
Business. . . . . . . . . . . . . . . . . . . 2
Products . . . . . . . . . . . . . . . . . . . 4
Process. . . . . . . . . . . . . . . . . . . . 9
Case studies. . . . . . . . . . . . . . . . 12

EDITORIAL
Most Gorgeous Part. . . . . . . . . . 17
AILU Interview: Mark Wilkinson . 18
Sharp Opinion . . . . . . . . . . . . . . 19
Job shop corner. . . . . . . . . . . . . 20
President’s message . . . . . . . . . 21

FEATURES
Laser cutting technology in sheet 
metal fabrication . . . . . . . . . . . 22
Johannes Ulrich

A comparison of pulsed lamp-
pumped Nd: YAG and fibre laser 
micro-processing  . . . . . . . . . . 24
Mo Naeem and Steffan Lewis

Exploiting internal material reac-
tions in glass using ultra short 
laser pulses  . . . . . . . . . . . . . . . 26
David Ashkenasi and Andreas Lemke

How materials science helped 
develop metal laser sintering . 29
Chris Bocking

Laser joining for packaging in 
MEMS applications and micro-
devices . . . . . . . . . . . . . . . . . . . 32
Norbert Lorenz and Duncan Hand

Laser pulsing adds microstructure 
control to rapid prototyping . . 34
Andrew Pinkerton and Richard Moat

The impact of the machinery  
directive on laser processing  
machines  . . . . . . . . . . . . . . . . . 36
Mike Barrett

REVIEWS
Observations . . . . . . . . . . . . . . . 38
Past events. . . . . . . . . . . . . . . . . 40
Future events . . . . . . . . . . . . . . . 43
Editor's note . . . . . . . . . . . . . . . . 44

Content by subject
Business
Investment to eliminate variable cost  .  . 13
AL .PI expands tube processing business 13
SSI/Ebtech Industries laser welding cell 14
CNC tube laser provides stockholder  
with the ultimate in tube processing  
performance  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 16
AILU Interview: Mark Wilkinson  .  .  .  .  .  . 18

Cutting
Laser cutting technology in sheet metal 
fabrication   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 22

Marking and engraving 
CO2 laser marking  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10
Engraving with a fibre laser  .  .  .  .  .  .  .  .  . 11

Micro-processing
SPI's CW and modulated fibre lasers  .  . 3
A comparison of pulsed lamp-pumped Nd: 
YAG and fibre laser micro-processing .  . 24
Exploiting internal material reactions in 
glass using ultra short laser pulses  .  .  . 26

Drilling
TL Precision welding Inc develops new 
methods for refurbishing turbine engine 
components  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 15

Additive manufacture
Laser sintering for automated manufacture 
of dental crowns and bridges  .  .  .  .  .  .  . 12
Steriolithography with pulsed UV lasers 12
How materials science helped develop 
metal laser sintering .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 29
Laser pulsing adds microstructure control 
to rapid prototyping .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 34

Joining 
Laser joining for packaging in MEMS 
applications and micro-devices  .  .  .  .  .  . 32 

Workpiece control
Laser processing in stent production   . 8

Safety
The impact of the machinery  
directive on laser processing  
machines .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 36

Events
SUBCON 2009  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 40
AILU workshop: additive layer  
manufacturing  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 41
Laser World of Photonics  .  .  .  .  .  .  .  .  .  . 42
Laser processing of plastic electronics 42

High cutting technology p 22

Fingerprint in glass block p 26

Packaging in MEMS applications p 32

Pulsed laser metal deposition p 34

Materials for additive manufacture p 29


