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A highly successful recent AILU Workshop 
on Additive Manufacturing (see report p 30) 
is supported by two fascinting articles in this 
issue. The cover picture shows new committee 
member Louise Geekie on the Croft Additive 
Manufacturing stand at MACH 2014, holding a 
filter of a radically new design made possible 
by AM (see p 18). See also the use of AM for the 
production of functionally graded materials on 
p 36.

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 articles 
plus frequently asked questions, cur-
rent 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 

Helping you make the most of laser technology

Joining AILU
We are a non-commercial non-profit-making organisation driven by a fascination for 
lasers and their potential in manufacturing, and by a desire to help members make 
the most of laser technology. 

If you have an interest in laser technology and/or applications and are not already a 
member of AILU, then do consider joining the most active association of users and 
suppliers of laser-related equipment and services bar none. 

The cost of membership is modest and the potential benefits huge. 

Apply for membership on line by following the 'AILU membership' link at

www.ailu.org.uk
or simply contact the AILU office at 

+44 (0)1235 539595

Aerotech has long been a supplier of 
equipment that is widely used by laser 
integrators, OEMs and end users. Its 
obvious that being a member of AILU 
allows a sales organisation to gain 
exposure to possible cliental. 

However, this benefit of membership 
is actually a very small part of the pic-
ture. Not being a laser engineer, AILU 
membership has given me a very broad 
overview of what's happening in the 
laser community, the opportunity to 
learn more about laser processing and 
a means of putting forward ideas for 
Aerotech's product road map for the 
laser user.

I find that AILU 
events bring the 
laser process-
ing commu-
nity together 
and I value the 
respect that 
members have 
for each other. 
I always find 
the magazine a 
good read and 
my colleagues worldwide are always 
impressed by the quality and depth of 
the articles available to our membership.

Dr Cliff Jolliffe 
Managing Director, Aerotech Ltd

What does AILU membership mean to me?

Erratum
The author of the article 'High power 
IR, VIS, UV DPSS laser industrial 
application' (Issue 72 Winter 2013, 
p8) was wrongly assigned to Simon 
Howe. It was in fact Kursad Sezer. 
He is now at Gazi University, Turkey 
E: kursadsezer@gazi.edu.tr  



The Laser User      Issue 73, Spring 2014 1

AILU's 20th Annual General Meeting took 
place on 10th April during MACH 2014. 
The minutes can be found in the 'com-
mittee documents' section of the mem-
bers' area of the AILU web site.

Net membership numbers are grow-
ing slowly but there are some positive 
signs including a renewal of industrial 
confidence in the UK, the launch in 
November 2013 of a TSB call in LMP and 
the formation of the CIM in Laser-Based 
Production Processes. 

Another good sign is the arrival of 
five new committee members: Simon 
Andrews is Executive Director of 
Fraunhofer UK Research Ltd, delivering 
contract and collaborative R & D projects 
for industry; Louise Geekie is the Project 
Manager of Croft Additive Manufacturing 
responsible for their 3D additive manu-
facturing programme; Roger Hardacre 
is Managing Director of Advanced Laser 
Technology Ltd that is involved with the 
use of laser coating and surface engi-
neering; Nick Longfield is a Technical 
Specialist in Laser Materials Processing 
at the Manufacturing Technology Centre 
in Coventry; and Stuart McCulloch is 
a Product Line Manager at SPI Lasers 
responsibility for the marketing and 
development of CW laser applications.

ASSOCIATION NEWS

The AILU Award recognises 'an indi-
vidual who has made an outstanding 
lifetime contribution to the industrial use 
of lasers in the UK'. In 2000 this award 
was won jointly by Derek Russell, Martin 
Adams and Frans Van Rompuy who, 
working at TWI in the early 1970s, devel-
oped the fast axial flow CO2 laser. This 
design became the industrial laser of 
choice for flat bed and 3D cutting.

Frans left TWI in 1972 soon after the 
work was completed and, despite every 
effort he could not be found at the time 
the award was made. Then this April, 44 
years after he left Great Abington as a 
Scientific Officer, TWI received an e-mail 
from Frans asking if he and his wife 
could call in at TWI during their visit to 
the UK in April. As a result, he was pre-
sented with his long-overdue certificate 
from AILU.

In an extract of a letter he wrote to Paul 
Hilton and Jon Blackburn following his 
visit, he said: ‘Whilst writing this, back 
home from our trip to Cambridge, I still 

feel very emotional about the excep-
tional reception that my wife and I were 
given during our visit of TWI.

"I was delighted to learn that the work 
we did in 1970-1972 eventually resulted 
in a successful commercial product used 
by industry. The climax however was the 
honour reserved for me to become a Life 
Member of AILU as a reward for my con-
tribution to this pioneering work."

Frans Von Rompuy receiving his AILU Award 
certificate for his work on fast axial flow lasers 
Photo courtesy of TWI Ltd

WELCOME TO NEW CORPORATE 

MEMBERS

Birmingham City University
Corporate member: Gay Penfold 
E: Gay.Penfold@bcu.ac.uk

Eggleston Steel
Corporate member: John Ready 
E: johnr@egglestonsteel.co.uk

ELUXI
Corporate member: Riccardo Tomassoni 
E: rtomassoni@eluxi.co.uk

Innovate 2 Make
Corporate member: Bruno Le Razer 
E: bruno@i2m.am

UnimaQ
Corporate member: Berty de Jong 
E: berty@unimaq.co.uk

Yamazaki Mazak UK 
Corporate member: Maja Foster 
E: MFoster@mazak.co.uk

New faces on the AILU committee

CO2 laser pioneer finally collects his AILU award

New committee 
members. 
Clockwise starting 
lower left:  
Nick Longfield, 
Simon Andrews, 
Louise Geekie, 
Roger Hardacre, 
Stuart McCulloch

One of the main recommendations of 
AILU's Farnham report [1] was the pro-
duction of a UK roadmap relating to 
laser-based manufacturing applications 
and the required hardware. A lack of 
funding delayed AILU's efforts to initi-
ate such a project but, now partnering 
with the EPSRC Centre for Innovative 
Manufacturing in Laser-Based Production 
Processes (CIM), a 1-day Roadmapping 
Workshop was held on 5 March at the 
Institute of Physics HQ in London. Its 
primary aim was twofold: to identify new 
and evolving manufacturing applica-
tions where laser processing may play 
a significant enabling role; and to iden-
tify relevant areas where research and 
development would be required to facili-
tate future laser-based solutions to such 
production needs.

The Institute for Manufacturing (IfM) 
at Cambridge University facilitated the 
event and, on their recommendation, a 
practical limit of 30 delegates was set for 
on-site participation. Working within this 
constraint the organisers managed to 
produce a balanced attendee list and dis-
tribute the pre-event 'homework' widely 
throughout the UK LMP community. 

Topics highlighted by the pre-event 
‘homework’ included: new laser-based 
capabilities to enable processing of dis-
similar, advanced or brittle materials; 
reduction of manufacturing and laser 
systems costs; enhanced automation 
and real time decision making to enable 
product customisation; improved tune-
able power lasers; pico-second (ps) and 
nano-second (ns) lasers; reducing the 
energy consumption of laser tools and 
producing lighter and stronger laser sys-
tems; reducing material utilisation and 
production waste in manufacturing.

The topics selected for further develop-
ment on the day were: additive manu-
facturing; surface processing and modi-
fication; Joining of materials especially 
dissimilar or advanced materials; and 
micro-manufacturing. 

The interim (draft) 2014 report based on 
the output of this 1-day event will shortly 
be completed, after which the plan is for 
it to be widely circulated within the UK 
community for structured comment.

The target is for the report to be issued 
later this year. Roadmapping is an ongo-
ing process with the 2014 report provid-
ing the foundation of what will hopefully 
be a regular assessment of direction and 
timescale for the UK LMP community. 
1. Report of the UK Laser Materials Processing 
Strategy Workshop. Farnham Castle, Surrey 21 & 22 
February 2012

At last, a UK LMP Roadmap
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PEOPLE

Paul Hilton presents an major award
As current 
President of the 
European Laser 
Institute (ELI) and 
speaker of the 
awarding jury, Paul 
Hilton had the 
pleasure of present-
ing the winner of 
the 2014 European 
Laser Innovation Award, with a prize of 
10,000 Euro. The award was given to the 
research team headed by Dr. Ralf Preu 
from the Fraunhofer ISE, for a new laser 
joining process for the manufacture of 
solar cells. The prize is awarded every 
two years by the ELI and the German 
Arbeitskreis Lasertechnik e.V. See www.
innovation-award-laser.org 

Contact: Paul Hilton 
E: paul.hilton@twi.co.uk 
W: www.twi.co.uk
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Lin Li receives two prestigious awards
Professor Lin Li 
has been award-
ed a University 
of Manchester 
Distinguished 
Achievement Medal 
for Researcher of the 
Year 2014. He has 
also been awarded the 
Royal Society Wolfson Research Merit 
Award for research in laser nano-fabri-
cation and nano-imaging. This award is 
given to individuals of proven outstand-
ing ability to undertake independent 
research and is for a period of 5 years.

Contact: Lin Li 
E: lin.li@manchester.ac.uk 
W: www.mace.manchester.ac.uk

SPI Lasers appoints Christian Schmitz 
as new CEO
SPI Lasers, a leading designer and man-
ufacturer of fibre lasers, have announced 
the appointment of Dr. Christian Schmitz 
as the new CEO. 

To build on the considerable success of 
SPI, the Trumpf group are investing in 
further resources available to the com-
pany, particularly R&D. As part of these 
changes the CTO of the Trumpf laser 
division Dr. Christian Schmitz will take up 
the new role as CEO of SPI lasers. 

John Tinson, Vice President of Sales 
and Marketing at SPI says “Over the last 
year SPI have seen a rapid expansion 
in market size and opportunity, and it is 
vital that SPI takes maximum advantage 
of this.” 

Contact: Louise Partridge 
E: louise.partridge@spilasers.com 
W: www.spilasers.com

ALT participates in TSB projects
Advanced Laser 
Technology is 
developing new 
laser-based 
techniques 
for industry, 
with particular 
emphasis on cladding. New Technology 
Strategy Board (TSB)-funded projects 
include the production of new laser 
processing heads, automation for 
improved parts handling and new pow-
der feeding systems. These projects will 
enhance the ALT product range.

ALT is currently expanding into new 
international markets and service sectors 
in Canada, South Africa and Chile.

Contact: Roger Hardacre 
E: roger.hardacre@altlaser.co.uk 
W: www.altlaser.co.uk

In March Trumpf celebrated 40 years in 
the UK. The company established its 
wholly owned subsidiary in St. Albans 
in 1974 to introduce its unique brand of 
metalworking machines to the UK mar-
ket. Fast growth prompted its move to 
Luton in 1989.  Today, Trumpf Limited 
has almost 100 employees, an annual 
turnover of more than £45 million and is 
on course for its best trading year ever.

On 10th March 2014 the celebra-
tion day started with a reception for 
the trade press to introduce new and 
groundbreaking Trumpf technology. 
This was followed by formal presenta-
tions led by the MD of Trumpf  Limited, 
Scott Simpson, and Chair of the Trumpf  
Managing Board, Dr Nicola Leibinger-
Kammueller.

“Trumpf UK is flourishing and suc-
cessful in every sense and the UK is 
now one of our top ten most important 
markets worldwide,” said Dr Leibinger-
Kammueller.

From 11th-13th March Trumpf  show-
cased its latest manufacturing systems 
at its Luton Technology Centre. Around 
300 members of the manufacturing 
community attended the event and 
eight orders were received over the 
three days.  

“We introduced the BrightLine fibre to 
UK manufacturers this week. It’s a real 
game-changer in the production of metal 
goods,” concluded Scott Simpson. “So 
it is especially apt for us to say that 

Trumpf has had a bright past and will 
have a bright future based on continued 
product innovation and investment in the 
training of tomorrow’s engineers.”

While Trumpf Ltd accrues new cus-
tomers every week, the company has 
an enviable record in client retention. 
Indeed, some customers can lay tes-
timony to a full 40 years of technology 
partnership. A case in point is MSM 
aerospace fabricators (Middleton Sheet 
Metal Co. Ltd.), a £4 million turnover, 
40-employee fabrication specialist 
serving the aerospace industry, which 
in 2013 invested in a Trumpf TruLaser 
Cell 7040 axis laser processing system. 
However, the Manchester-based compa-
ny’s involvement with Trumpf Ltd can be 
traced all the way back to 1974. At that 
time the area sales representative was 
Brian Lewis, who went on to become 
Trumpf Ltd’s MD for many years. 

Contact: Gerry Jones 
E: g.jones@uk.trumpf.com 
W: www.trumpf.com

Trumpf apprentice Charlie Dearman (left) and 
Dr Nicola Leibinger-Kammueller, Chair of the 
Trumpf Managing Board

Mark Hutchinson named Young 
Businessperson of the Year
Mark Hutchinson, 
Managing Director 
of Hutchinson 
Engineering, who took 
over the running of 
the family business in 
1998, was named as 
the Belfast Telegraph 
Business Award’s 
Young Businessperson of 2014. At just 
35 he has driven the company to become 
a market leader in their field despite the 
challenging economic climate. The com-
pany employed four employees in 1997 
they now employ 83.

Contact: Mark Hutchinson 
E: mark@hutchinson-engineering.co.uk 
W: www.hutchinson-engineering.co.uk

People Business

Trumpf - Forty years of service to UK manufacturers

Full details of all news items here, plus additional news items that missed the cut, can be found on the AILU web site
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BUSINESS

Hamamatsu Photonics K.K. (Japan) has 
completed a new building at its Beijing 
Hamamatsu Photon Techniques, Inc., 
subsidiary to expand both manufactur-
ing capacity and research and develop-
ment activities in China. Operations at 
the new Building No. 2, located at the 
Langfang Factory, have already begun.

The new Building No. 2 will improve the 
manufacturing capacity of two other 
existing factories at Beijing Hamamatsu 

Photon Techniques. It will be used for 
glass processing and scintillator manu-
facturing, which were previously located 
at the Yongqing Factory. This move will 
allow the Yongqing Factory to be used 
as a speciality facility for glass melting 
and other processes. 

The company has also announced the 
completion of a new building at its 
Main Factory for the development and 
mass production of MOEMS-based 
opto-semiconductor devices and mod-
ules by its Solid State Division. The 
advanced products to be made at the 
facility will be for automotive use, smart 
phones, and various other applications. 
Operations at the new Building No. 13 
are scheduled to begin in September.   

Contact: Maria Fetta 
E: maria.fetta@hamamatsu.co.uk 
W: www.hamamatsu.com 

Amada held a Grand Opening of 
its UK Technical Centre (UKTC) in 
Kidderminster on 25 April 2014; this 
was followed by three open house 
events in May and June. 

Amada UK, established in 1972, was 
the first European subsidiary of the 
Amada Group. It currently employs 150 
staff and has changed from being a 
machine sales and service company to 
an engineering solution provider for the 
UK, Spain and Scandinavia.

On show in the UKTC were the FLW 
fibre laser automated welding cell and 
the EG-AR robotic press brake cell. 
The welding cell comprises a two-axis 
positioner table, repositioning robot 
carriage, six-axis welding robot, a state-
of-the-art fibre laser welding head and 
4 kW fibre laser. The EG-AR automated 
bending cell uses a high speed, high 
accuracy press brake with a dual servo 
press drive mechanism. The press 
brake is combined with a robot that is 
optimised for high speed bending of 
small complex components.

The opening of the UKTC was com-
bined with the European launch of 

Amada's new LCG 3015 flatbed laser cut-
ting machine: a single machine platform 
with a choice of CO2 or fibre laser sourc-
es. Designed for high speed cutting of thin 
to mid-thick materials, the machine offers 
a number of innovative features including 
a lightweight Y-axis gantry beam module 
to facilitate high speeds, a low centre of 
gravity for motion improvement, and a 
high torque motor and direct drive system 
for greater acceleration. 

Aside from the showroom, the UKTC 
includes new meeting areas, rooms for 
proposal and presentation to customers, 
and a school for technical training. Further 
facilities include a tooling factory, a 70 
seat seminar theatre and an automated 
spare parts warehouse. 

The new UK Technical Centre will serve 
as a core base from which Amada car-
ries out its activities in the UK, Spain and 
Scandinavia. The entire refurbishment is 
based on an eco-friendly design boasting 
minimal carbon footprint due to the instal-
lation of the latest sustainable technolo-
gies.

Contact: Gary Belfort 
E: gary.belfort@amada.co.uk 
W: www.amada.com

Nadcap accreditation for Hutchinson
Hutchinson AeroTech, a recently 
launched specialist division of laser and 
metal subcontractor SJC Hutchinson 
Engineering, has achieved the pres-
tigious Nadcap accreditation for Non-
conventional Machining. 

Commenting on the award, Mark 
Hutchinson, MD of Hutchinson 
Engineering said, “Our focus has always 
been on delivering quality, precision 
products and with Nadcap accreditation 
we can clearly demonstrate that we are 
able to meet their stringent demands."

The firm has also been recognised for 
the high standard of motivation, sup-
port and development it provides to its 
employees and has achieved a Bronze 
Investors in People award.

Contact: Mark Hutchinson 
E: mark@hutchinson-engineering.co.uk 
W: www.hutchinson-engineering.co.uk

New software at Bystronic open house
More than 160 visitors were welcomed 
at Bystronic UK during an open house 
held at the company's Coventry head-
quarters and technical centre from 7th to 
11th April 2014. 

Three orders were received as a direct 
consequence of staging the event. They 
included a BySprint Fiber laser cutting 
machine and an Xpert 400 tonne press-
brake, both manufactured by the Swiss 
owned Group.

New modules within the latest BySoft 7 
control software were launched in the 
UK at the show, demonstrated on the 
latest range of Bystronic machines intro-
duced at the last EuroBlech exhibition. 

The open house also saw the launch 
of new software called Observer. It 
enables web-based camera monitor-
ing of production on laser and waterjet 
machines. Images are accessed via any 
web-enabled terminal, be it a desktop 
computer, tablet or smartphone. Another 
software enhancement at the show was 
Parts Removal within the Plant Manager 
suite in Bysoft 7. 

Contact: David Larcombe 
E: david.larcombe@bystronic.com 
W: www.bystronic.com

Amada UK celebrates its refurbished technical centre

Hamamatsu announces the completion of new manufacturing facilities

Hamamatsu's new Beijing building
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SOURCES AND BEAM DELIVERY

Laser Physics offer OEM pricing
Laser Physics extensive range of 
EU-acredited film, polymer, acrylic and 
glass laser safety viewing windows 
include the most heavily tested and 
comprehensively marked acrylic win-
dows available on the market.

All windows offer excellent clarity, vis-
ibility and protection to meet all needs 
whether it be complete laser system 
housings, workstation ports, or optical 
table viewing windows and are available 
for the UV, Visible, NIR and IR. 
Contact: Peter Bennett 
E: peter@laserphysics.co.uk 
W: www.laserphysics.co.uk

Coherent's new J-Series CO2 lasers
Coherent has 
introduced a new 
range of compact, 
sealed, CO2 lasers 
that simplify inte-
gration and minimise time-to-market for 
laser system builders. This is because all 
Diamond J Series lasers feature a com-
mon mechanical, electrical, optical, soft-
ware and control interface, with the only 
difference between models being overall 
package length. 

Utilising the J-Series platform, integra-
tors can better capitalise on new oppor-
tunities presented in today’s fast-paced 
world of applications and product devel-
opment. The common J Series software 
interface reduces the need to train serv-
ice personnel on new systems and the 
onboard diagnostics enable preventative 
maintenance, minimise downtime, and 
often eliminate the need for field service 
calls or laser returns.

J-Series lasers are based on Coherent’s 
state-of-the-art, field proven, fully 
sealed, slab discharge technology.

Contact: Roy Harris 
E: sales.uk@coherent.com 
W: www.coherent.com

Higher performance Trumpf fs laser
Trumpf has introduced the TruMicro 5070 
Femto Edition, a brand new femto-sec-
ond laser. It offers high stability of both 
the laser pulses and power, with a pulse 
duration of 800 ± 200 fs, pulse energies 
as high as 200 µJ and repetition rates at 
400 and 600 kHz.

This new ultrashort pulse laser is optimal-
ly designed for industrial use, promising 
reliability and accuracy even in a three-
shift operation. The process reliability is 
achieved by means of a patented double 
feedback loop which guarantees that the 
specified power level is applied and the 
beam quality and pulse duration remain 
constant.

The short pulse duration is advanta-
geous, especially when processing 
temperature-sensitive materials such as 
composites and polymers. The TruMicro 
5070 Femto Edition is an ideal tool for the 
cold processing of these substrates: the 
shorter pulse duration means material is 
removed with less thermal energy depos-
ited so that the high mean power can be 
utilised without adverse thermal effects.

Contact: Gerry Jones 
E: g.jones@uk.trumpf.com 
W: www.trumpf.com

II-VI offer lenses for Trumpf Lasers
II-VI UK Ltd now offer 
replacements for the lens-
es used in Trumpf's latest 
TruLaser machines. The 
lenses feature a contoured 
flat on one edge and an 
RFID chip which records 
lens maintenance information. 

II-VI Infrared provides these replace-
ment lenses using patented technology 
licensed from Trumpf.

Contact: Gareth Rowles 
E: growles@ii-vi.co.uk  
W: www.ii-vi.co.uk 
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SOURCES AND BEAM DELIVERY

Hardening and softening of steels are 
related processes. If you invest in the 
right equipment for one you can gener-
ally do the other as well. But why would 
you want to?

Strong and resistant materials fascinate 
us humans. They've been improving our 
lives since we learned to make tools 
from them. Back in medieval times 
European blacksmiths rediscovered the 
ancient knowledge of how to harden 
materials. They might not have fully 
understood the microscopic changes 
within the atomic structure but they real-
ised that they could create even more 
resistant blades for swords and axes by 
following three theoretically easy steps: 

• Heat up the steel (e.g. in a forge).

• Hold the temperature.

• Quench the steel (e.g. in a barrel of 
oil or water).

These basic steps remain the same 
today but the quality, accuracy and 
the applications of the technology 
have evolved. We may not need better 
swords to dominate our opponent, but 
we need products of higher quality and 
endurance: It is easier to work on soft 
material than on hard material but hard 
tools usually wear more slowly than 
soft ones under the same work load. 
So, typically, a tool might be crafted 
with soft steel and then hardened to 
increase its life span.

Complete part vs. surface hardening
If one hardens the complete part 
one changes the hardness even into 
the core of the part. The process is, 
depending on the size, rather slow and 
there are two major flaws with fully 
hardened parts:

• The greater the hardness the more 
brittle the part, so one has to be very 
careful if the part has to be bent or 
machined.

• The part changes while being heated, 
so reworking may be required. A 
soft material is chosen for ease of 
machining but the advantage disap-
pears if, now much harder, it has to 
be reworked. 

The drawbacks are avoided with surface 
hardening:

• We only harden locally where the sur-
face hardness is required.

• There is less heat input so the part 
deforms less.

• The effort for rework is reduced or 
completely eliminated. 

• The core of the part stays ductile, so 
even under heavy workload it does 
not tend to break.

Surface hardening technology
The most common techniques for sur-
face hardening are inductive hardening 
and laser hardening. The latter is often 
the better solution because:

• Laser hardening is more flexible: one 
does not have inductors to shape.

• Laser hardening processes are easier 
to set up.

• Laser hardening can be highly con-
trolled whereas inductive hardening 
can be quite uncontrolled.

• There is no rounding of the edges 
with laser hardening. 

Softening/Annealing
If you weld, bend or press steel parts 
you might need to soften the part first. 
If one bends or presses steel (especially 
during cold-pressing) there is always a 
risk of cracks or fractures due to stress; 
the same goes for welding hard steels. 
By first softening the parts you can 
avoid such cracks.

Softening and hardening are essentially 
the same process with regarding to 

heating the steel and holding the tem-
perature. If the intention is to harden, 
then the material is quenched. If the aim 
is to soften then the material is allowed 
to cool down slowly.

Optics for hardening and softening
A very flexible and precise solution 
for laser hardening and/or softening 
tasks is the “Remote Laser Hardening – 
Adaptive” (RLH-A) from Scansonic IPT 
GmbH/Berlin (www.scansonic.com). The 
optic was originally designed for flexible 
and challenging hardening processes.

Using laser beam scanning technology 
and a pyrometer the RLH-A is adaptive: 
It maintains a set-point temperature 
on the surface and therefore enables a 
controlled hardening or softening: the 
RLH-A comes with spatially resolved 
temperature measuring to ensure con-
trolled surface heat treatment. 

Flexibility is another strength of the 
system, because the same hardware 
is used for each new task: by making 
small changes in the software only, 
track widths and required temperatures 
can be changed and new and totally 
different parts can be hardened or  
softened.

Ekki Thannheuser  
Alexander Binzel (UK) Ltd

Contact: ekki@binzel.co.uk  
W: www.binzel-abicor.com/UK/eng/

Laser hardening, softening and annealing

Laser hardening 
of actuator pin 
camshaft grooves 
Courtesy: Mercedes-
Benz

The RLH-A: an adaptive remote laser optic from 
Scansonic IPT GmbH
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BEAM DELIVERY AND COMPONENT MANIPULATION

Ultrafast UV laser technology coupled with a high-speed scanner-
based beam displacement system has the potential to revolutionize
laser micromachining applications. UV lasers with short focal length
optics allow for micron-level spot size while the high speed and
acceleration capability of the scanner can execute multiple passes
over the material extremely quickly. Utilizing this capability to its
fullest potential requires a scanner with micron-level accuracy at the
work point. Aerotech’s AGV-HP is the first commercially available
scanner capable of micron-level accuracy over a relatively large
area (40 x 40 mm). This working area can be greatly extended with
Aerotech’s Infinite Field of View (IFOV) technology. Key operating
parameters for the scanner are outlined below. Check the Aerotech
website for the latest information on the entire AGV product line.

• 10, 14 and 20 mm input
apertures

• CO2, DS, 1552 nm,
1064 nm, 1030 nm, 
532 nm, 515 nm, 
355 nm and other 
optics available

• Low thermal drift
optical feedback

• >24-bit resolution 

• Optional air and water
cooling

• Laser triggering directly
from position feedback

• Non-proprietary
programming language

Micron Level
Scanner Accuracy

AH1212K_LM_LTD

Aero tec h  Wor ldwide
United States • France • Germany • United Kingdom

China • Japan  • Taiwan

Dedicated to the
Science of  Motion

Ph: +44 (0)1256 855055
Email: sales@aerotech.co.uk
www.aerotech.com

See the Nmark
SSaM and AGV
galvos in action at
www.aerotech.com.

AH1212K_LM-LTD_AGV-HP-190x126_AGR_halfpage.qxd  4/8/2014  3:23 PM  Page 1

Scanner with µ-level 2D accuracy
The highly repeat-
able and thermally 
stable feedback 
sensors used on 
Aerotech’s Nmark 
AGV-HPO scanner 
systems can be 
calibrated down to single-digit, micron-
level 2D accuracy over the field of view.

With extremely low thermal gain drift 
performance of the position transducers, 
complex, high-density laser machining 
applications that take a lot of time to 
complete maintain consistent micron-
level feature accuracy throughout. 
Likewise, high throughput applications 
will maintain consistent part-to-part 
quality without having to re-calibrate 
between parts.

• Optical feedback technology signifi-
cantly improves thermal stability.

• Industry-best resolution of >24 bits 
when used with Aerotech’s Nmark 
CLS controller.

• Wide range of apertures and focal 
lengths, and many choices of mirror 
surface treatments for a variety of 
laser wavelengths.

• Open-frame design reduces cost 
and allows for more flexible laser 
entry.

• Right side and left side aperture 
options for side-by-side parallel 
processing.

Cost-sensitive planar performance
Aerotech’s PlanarSL mechanical bear-
ing, ball-screw-
driven XY stages 
offer exceptional 
performance in 
a cost-sensitive, 
low-profile pack-
age. It combines two axes of motion in a 
compact package, providing the perfect 
solution for applications ranging from 
surface metrology to general high-preci-
sion automation.

The PlanarSL has a long-life linear 
motion guide bearing system and is 
available with low-thermal expansion 
(3.3 ppm/˚C) precision glass scales on 
both axes for high-accuracy and repeat-
able positioning.

Contact: Cliff Jolliffe 
E: cjolliffe@aerotech.co.uk 
W: www.aerotech.com

Laser Mechanisms' galvo scanner
Available for up 
to 20 mm diam-
eter beams, these 
units can deliver 
up to 1kW of laser 
power. An available 
option for all wave-
lengths from 258 
nm to 10.6 µm, 
these galvo-based 
solutions can be 
used with standard F-Theta or telecen-
tric flat-field lenses for large processing 
areas. For smaller fields, standard focus 
lenses provide an economical alterna-
tive. Drilling nozzle systems can also be 
employed to allow coaxial gas assist to 
the high speed galvo capability.

The system can be controlled with 
standard XY2-100 protocols or a Laser 
Mech controller for easy interface to a 
PLC or computer for pre-programmed 
feature call-ups. Laser Mechanisms also 
provides all of the necessary collimators 
or beam expanders, and beam bender 
mirrors to condition and deliver the laser 
beam to the galvo unit.

Contact: Arvi Ramaswami 
E: sales@lasermech.be 
W: www.lasermech.com

News from Aerotech
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UV laser lift-off delamination opens the 
path to both novel three-dimensional 
wafer-based electronic device structures 
and polymer-based active matrix display 
panels such as AMOLED for smart-
phones, readers, tablets and potentially 
large size TVs.

The proper choice of wavelength, opti-
cal system and fluence enables layer-
selective laser lift-off (LLO) to process 
functional thin films in a way not achiev-
able using other heat sources, some-
thing that becomes increasingly impor-
tant as feature size and film thickness in 
microelectronics applications continue 
to decrease. Such trends motivate the 
ongoing development of suitable exci-
mer laser sources and optical beam 
delivery systems for the most appropri-
ate wavelengths, 248 nm and 308 nm.

LLO processing of wafers or large size 
polymers on glass substrates requires 
sequentially exposing areas of the sub-
strate to be released to single UV laser 
pulses until the entire surface area is 
covered. When it comes to large size 
wafers up to 300 mm diameter or large 
Gen 5.5 to Gen 8 substrate panels 
which have to be released from polymer 
thin films, it is most effective to use line 
beam scanning for LLO within one or 
two consecutive scans. 

The figure below shows an optical sys-
tem for line beam generation. At typical 
fluence levels of above 250 mJ/cm2 
line beam lengths of up to 750 mm are 
commercially available supporting high 
throughput processing of even the larg-
est wafers or display panels. The typical 
thickness of the polymer film spin-coat-
ed on the glass carrier is only ~150 µm. 
Only the 308 nm wavelength provides 
a suitably shallow penetration depth 
and thus leaves the temperature sensi-
tive circuitry entirely unaffected. The 

optimum processing strategy in LLO 
for LED manufacturing relies on raster-
ing the substrate to be delaminated by 
square fields of up to 5 mm x 5 mm 
covering many LED dies with each laser 
pulse. Whereas polymer delamina-
tion from glass is achieved at relatively 
low fluence, in LED LLO processing 
an energy density at the sapphire/GaN 
interface of at some 700 mJ/cm2 has to 
be provided to decompose the GaN into 
metallic gallium. Due to these require-
ments, the excimer laser, especially the 
KrF excimer laser operating at 248 nm, 
is the first choice for LLO. 

248 nm line sapphire wafer separa-
tion 
The figure below is a white light interfer-
ometry image of a gallium nitride (GaN) 
epi-wafer after LLO processing and 
removal of the sapphire wafer. Clearly 
visible is the regular pattern of trenches 
but prior to wet chemical removal of the 
metallic gallium. Trench depth is only 
about 25 nm and due to the slight over-

lap of neighbouring pulses. Industrial 
process rates are achieved using square 
fields at low pulse rate, as listed in the 
table below. 

Thin silicon device wafers separation
LLO of thin silicon device wafers from 
their glass carriers is done by ablat-
ing the polymer layer through the glass 
wafer. After laser lift-off, the glass wafer 
can be easily removed from the silicon 
wafer, as shown in the figure above. 
Both the device and carrier wafer gener-
ally need to be cleaned to remove the 
remaining polymer film which is a few 
hundred nanometres thick at the glass 
side and some microns thick at the thin 
wafer side. Rectangular field processing 
using one large rectangular pulse per 
area with a 5% overlap to the adjacent 
pulse results in fast and cost-efficient 
processing even at low pulse frequency.

In a manner very similar to that applied 
to polymer bonded glass wafers, glass 
panels can be delaminated from poly-
mer films by irradiating at 308 nm from 
the glass side. However, from an indus-
trial manufacturing viewpoint line beam 
scanning is the preferred approach as 
this strongly reduces the number of 
scans required for covering the entire 
panel.

Ralph Delmdahl, Rainer Pätzel and 
Jan Brune 

The authors are with Coherent 
LaserSystems GmbH & Co. KG, Hans-
Böckler-Str. 12, 37079 Göttingen, 
Germany

Contact: Dr Ralph Delmdahl 
E: ralph.delmdahl@coherent.com 
W: www.coherent.com
This edited paper is taken from the Proceedings 
of Lasers in Manufacturing LIM 2013 in Physics 
Procedia and is published courtesy of Elsevier Ltd.

Large-area laser lift-off processing in microelectronics

Schematic layout of a line beam optical system 
for wafer LLO

308 nm LLO removal of 70 µm thin silicon wafer 
from glass carrier 

GaN surface after 248 nm LLO of sapphire

Illustration of the UV wavelength advantage in LLO

Model processing parameters of excimer laser lift-off complying with industrial throughput rates

Gate 
metal a-Si

n+ 
a-Si

SD 
metal

SiN ITO 
passivation pixel

Microelectronics Application Substrate Size PRF Field size # pulses Throughput

High Brightness LED Wafer 6  inch 20 Hz 5 x 5 mm2 ~ 1,000 > 60 wafers/hr

Thin Device Wafer 12 inch 20 Hz 50 x 2 mm2 ~ 1,000 > 60 wafers/hr

Flexible Display Backplane Gen 4.5 200 Hz 370 x 0.4 mm2 ~ 5,000 > 60 panels/hr
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Rofin in medical device manufacture
At Medtec 
Europe 2014, 
Rofin presented 
the improved 
4-axis laser 
cutting system 
StarCut Tube 
and the entirely 
revised CNC laser welder Select.

A newly designed next generation 
human machine interface (HMI) has 
been added to the StarCut Tube. It inte-
grates all user interface components 
which are required during normal opera-
tion on a single screen. 

Rofin's Select is widely used for welding 
in medical device manufacturing. The 
new Select features a high-class servo-
driven motion system and a completely 
reworked CNC and laser controlling soft-
ware. The latter processes CNC machine 
codes in the same way they are proc-
essed on conventional CNC equipment, 
enabling the laser source to be synchro-
nised with the motion system at all times, 
even when using advanced features like 
V-Track Mode or Pulse Ramping. 

Contact: Gavin Markillie 
E: gavinm@rofin-uk.com 
W: www.rofin.com

Trumpf revolutionises 2D laser cutting
From mild steel 
to stainless 
steel through to 
highly reflective 
materials such 
as copper and 
aluminium; from 1 mm to 25 mm sheet 
thickness – all components can be pro-
duced on one single laser machine. The 
new TruLaser 5030 fibre with BrightLine 
fibre function is a breakthrough in 2D 
laser cutting giving manufacturers the 
best of both worlds – maximum produc-
tivity and excellent quality in cutting thin 
and thick sheet alike, including stainless 
steel and aluminium, up to 25 mm thick 
and non-ferrous metals such as copper 
and brass up to 10 mm thick.  

Used in conjunction with BrightLine 
fibre, a new multi-stage piercing process 
offers additional advantages when cut-
ting stainless steel. It prevents slag from 
forming when the laser beam pierces 
the sheet. This means the machine no 
longer needs to give the cutting point 
a wide berth and can therefore execute 
even finer contours.

Contact: Gerry Jones 
E: g.jones@uk.trumpf.com 
W: www.trumpf.com
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Amada offers breakthrough product 
Amada’s most versatile fibre laser cut-
ting system is the new ENSIS 3015 AJ. 
A collaboration between Amada and 
JDSU has produced the ENSIS, a 2 kW 
fibre laser system with the laser cutting 
power and beam efficiency equivalent to 
that of a conventional 4 kW thanks to its 
innovative variable system. 

The ENSIS is engineered to automati-
cally provide the optimal beam configu-
ration based on the material being cut. 
Continuous processing combined with 
automatic changing of beam configura-
tion for optimum cutting capability has 
result in a machine of unprecedented 
productivity and versatility.

ENSIS features include: integration of 
mechanical and electrical components 
into a high efficiency single unit with 
50% reduction in footprint; automatic 
optimum beam quality for a wide range 
of material; capable of cutting sheets 
of thickness ≤ 25 mm; full range cutting 
capability without lens change, ensuring  
continuous automated processing from 
thin-to-thick materials.

Contact: Gary Belfort 
E: gary.belfort@amada.co.uk 
W: www.amada.com
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Pulsed fibre lasers have only just 
passed a decade of industrial adoption, 
yet from a standing start they now dom-
inate the global laser marking market 
with over 30,000 units expected to be 
deployed in 2014. They have also made 
significant inroads into micro-machining 
applications; all this fuelled by their 
characteristics: compact, air cooled, 
competitively priced, requiring no align-
ment or maintenance. 

Much of their success can be attributed 
to the great parametric flexibility offered 
by Master Oscillator Power Amplifier 
(MOPA)-based fibre lasers. The MOPA 
approach allows users to vary the pulse 
duration and operate over a broad oper-
ating frequency range, for example pulse 
durations of 3-500 ns and repetition 
rates from 1 kHz to 1 MHz. The results 
are quite staggering; elevating what was 
originally conceived as a humble mark-
ing laser to a micro-machining marvel.

Shorter pulse durations (<30 ns) enable 
more controlled energy input when 
processing sensitive materials: optimisa-
tion allows such pulses to have sufficient 
peak power to ablate material but insuf-
ficient pulse energy to cause thermal 
damage. A good example is the marking 
of hard coated plastic cases used by 
many electronic product manufacturers 
to provide scratch resistance. The cost 
and robustness of short pulse lasers 
for this application was initially a bar-
rier but the new generation of ns pulsed 
fibre lasers can produce sub surface 
marks reliably and cost effectively in the 
required mass production environments. 
Similarly the marking of clear anodised 
aluminium with a dark sub surface mark 
has been perfected using nano-second 
pulses at high repetition rates.   

Touch screens have generated a more 
functional thin film processing applica-
tion for these lasers. Thin conductive 
films on glass and plastics need to be 
accurately scribed to leave perfectly 
isolated grids. The scribing also has 
to address significant variability in the 
composition and thickness of these 
films: this is often achieved by multi 
pass processing where the initial pass 
removes the bulk of the film and sec-
ondary passes use significantly different 
processing parameters to clean up resi-
dues. The ability of the laser to change 
parameters such as pulse duration and 
pulse energy in a few microseconds 
makes for seamless parameter switch-
ing during processing.

Conversely the use of longer (>200 ns) 
pulses yields quality and productiv-
ity improvements in a range of other 
applications such as dark marking, cut-
ting, welding and micro-machining. For 
example, in dark marking of stainless 
steel, a solid state oxidation process is 
required without surface melting. The 
ability to use long duration pulses and 
high repetition rates, parameters that 
more closely resemble those of a gated 
CW pulsed laser output, provide the 
controlled heating characteristics that 
give superior faster marking.

Pulse duration in engraving applications 
can have a significant impact on mate-
rial removal efficiency, with optimal pulse 
duration being strongly material depend-
ant. For example the use of 450 ns puls-
es can yield a 20% increase in material 
removal from steels over that achieved 
with conventional 200 ns pulses.

In micro-machining the benefits can be 
more subtle. Laser parameter optimisa-
tion provides high surface finish and 
sharp machined features as well as 
meeting removal rate requirements. This 
can be achieved by adopting a multi-
parameter processing strategy that 
utilises the full dynamic range of MOPA 
fibre lasers: long high energy, low fre-
quency pulses for bulk material removal 
combined with short low energy, high 
frequency cleaning pulses to control 
residual surface roughness. 

With recent improvements in average 
power (to > 50 W) these lasers have 
also become impressive cutting tools 
particularly for reflective materials such 
as brass copper, silver and gold. For 
industries such as jewellery manufac-

ture, they provide a single source that 
can cut, hallmark, engrave, texture and 
provide personalised marking on a vari-
ety of precious metals. (See SPI feature 
in Issue 71, p8 (Autumn 2013))

SPI’s pulsed fibre range is solely based 
on its MOPA design with PulseTune 
waveforms giving users simplified pulse 
control. A range of three different beam 
qualities is also offered, providing differ-
ent spot sizes and energy distributions, 
which can significantly impact applica-
tion performance, as illustrated on the 
anodised aluminium sample above. 

When comparing cutting perform-
ance the Z-type (M2 <1.6) and slightly 
higher pulse energy and peak power is 
more effective. The comparison of area 
removal shows the L-type being more 
effective, thanks to the larger spot and 
broader energy distribution, while the 
S-type laser is best for marking uneven 
surfaces, being able to maintain the 
process at a significantly out of focus 
position.

The unique versatility offered by 
today’s ns MOPA - based fibre lasers 
is linked to the extended performance 
in pulse duration and pulse frequency. 
This allows users greater ability to opti-
mise pulse parameters, notably improv-
ing application results. This level of 
control has enabled a new generation 
of applications.

Contact: Jack Gabzdyl
E: jack.gabzdyl@spilasers.com 
W: www.spilasers.com

This edited paper appears in full in Industrial 
Laser Solutions magazine (March 2014) 
and is published here by kind permission of 
Pennwell publications

Application versatility of nano-second pulsed fibre lasers

Dark marking on clear anodized aluminium and 
smooth marking of white plastic

Deep polished engraving of stainless steel

Anodized aluminium beam comparison 
In the three rows the results relate to (l or r) the SPI 
models EP-S (M2<1.3), EP-Z (M2<1.6) and EP-L 
(M2<2.0). 
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The dawn of a new age for advanced 
2D & 3D laser processing.

Building on the possibilities of fiber laser technology for cutting, welding, 
and drilling, Laserdyne has developed a versatile, small foot print system. 
The new LASERDYNE 430 laser system is a multi-axis laser system 
offered in the following configurations for processing 2D and 3D parts: 
3 axis, 4 axis, 5 axis with the unique LASERDYNE BeamDirector® and 
6 axis with a BeamDirector and rotary table. See it in action at IMTS 
September 8-13 and Euroblech October 21-25. Or learn more, in the UK  
call 0844 499 6241 or in the U.S call +1.763.433.3700.  
Email lds.sales@primapower.com 
 
Features include: •BeamDirector for 3D beam delivery  
•Optical Focus Control (OFC®) •Hole drilling program creation (CylPerf ®) 
•BreakThough Detection (BTD®) •Hole diameter compensation (HDC®) •Shaped hole 
software •SPC data acquistion and so much more. 

www.primapower.com

Introducing Brian Spencer,  
now handling all Laserdyne  

sales in United Kingdom For 
Prima Power Laserdyne

#6975 Prima Power Laserdyne AILU 1/2 island r1.indd   1 6/18/14   3:01 PM

Laserdyne at Farnborough Airshow
Prima Power Laserdyne will be at the 
Farnborough International Airshow, 
Hampshire, July 14-20 2014 (Hall One, 
C15A-C15B). 

Visit the stand to discuss the latest in 
laser processing solutions, including the 
Laserdyne 430, the Laserdyne 795, and 
the newest generation of BeamDirector; 
the impact of fibre lasers on precision 
laser processing and challenging require-
ment for precision beam placement.

As one of the worlds largest air displays, 
Farnborough 2014 provides a wealth of 
dedicated and focused platforms, FIA 

2012 saw an incredible $72 Billion worth 
of orders announced.

Contact: Mark Barry 
E: mark.barry@primapower.com 
W: www.primapower.com

Laserdyne machines: (l) the 430 for precision 
processing and (r) the 795 for multi-axis drilling, 
welding and cutting of large volume components.

LVD offers ALC as standard 
Following 
the success 
of Adaptive 
Laser Cutting 
(ALC) on its 
Impulse range, 
LVD is now installing ALC as standard on 
all Sirius and Sirius Plus 4 kW lasers.

ALC technology automatically optimises 
laser cutting results in thicker mild steel 
materials, using dynamic feedback to 
monitor and regulate laser power, speed 
and assist gas pressure in real time during 
the cutting process to provide a consist-
ent cut, high productivity and reduced 
scrap. It is ideal for processing thicker 
materials in an unmanned environment. 

It is claimed that the use of ALC provides 
up to a 10% increase in productivity. 
Consistently accurate processing also 
eliminates scrap or rework of expensive 
thicker materials.

Contact: Chris Phillips 
E: c.phillips@lvduk.com 
W: www.lvdpullmax.co.uk

Wall Colmonoy’s laser cladding alloys 
surfacing powders and wire
Wall 
Colmonoy’s 
range of 
Colmonoy®, 
Colferoloy® 
and Wallex™ 
surfacing pow-
der and wire 
alloys dedicated to laser cladding are 
used for the protection and renovation of 
critical industrial components. 

Laser cladding offers a precise method 
of applying a clad overlay. Sound welds 
with virtually zero porosity can be made 
with precision control that minimises the 
amount of finishing required.

"As well as laser power, particle size 
distribution and composition of powders 
for laser cladding must be carefully con-
trolled to produce optimum clad over-
lays," said Michael Weinstein, Technical 
Services Manager, Wall Colmonoy 
Corporation, USA. "In this regard, 
we have been working closely with 
Optomec in Albuquerque, New Mexico 
on materials for their LENS® 3D Printing 
and cladding technology,” he added. 

"Wall Colmonoy offers customers techni-
cal expertise to determine the right prod-
uct for the right application,” says Alun 
Battenbough, Technical Manager, UK.

Contact: Warren Lewis 
E: warrenlewis@wallcolmonoy.co.uk 
W: www.wallcolmonoy.com

Colmonoy 133L Laser Clad
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Ideal for newcomers to laser welding
Trumpf's 
new five-
axis TruLaser 
Station 5005 
is designed for 
low to medium-
volume work 
throughout the 
precision engi-
neering industry. 
Its all new control 
system has been optimised for weld-
ing applications and a teach function 
is incorporated to ensure that parts are 
joined perfectly at each weld spot. 

The TruLaser Station 5005 offers a work-
ing volume of 300 x 300 x 500 mm, 
three linear axes, a rotary axis and a 
swivel axis for focusing the optics, per-
mitting welding angles up to 120°. 

Advantages include its small footprint of 
800 x 900mm2, convenient upward-slid-
ing door and integrated dust collector. 
Depending on the application, it can be 
specified with the optimal welding laser 
with an output of up to 1 kW.

Contact: Gerry Jones 
E: g.jones@uk.trumpf.com 
W: www.trumpf.com

Spectrum wins Bombardier contract
Spectrum Technologies PLC, the 
UK-based manufacturer of specialist 
laser wire processing equipment for 
the aerospace and electronics indus-
tries has been selected by Bombardier 
Transportation to supply a high perform-
ance wire processing system for use a 
major new North American project.

Spectrum will supply Bombardier with 
a Nova™ 860, high speed UV laser wire 
mark, measure and cut system. The 
equipment is due to be installed in their 
manufacturing plant in Huehuetoca, 
Mexico before the end of April 2014. 

The Nova system will be used in the ini-
tial stages of production of the electrical 
wiring and interconnect systems for new 
rail cars for the Bay Area Rapid Transit 
(BART) New Train Car Project in San 
Francisco. At over 40 years old BART’s 
current fleet of trains is the oldest in the 
USA and is due for replacement.  

BART awarded the New Train Car 
Project to Bombardier in 2012. 
Bombardier will deliver 775 new cars, 
requiring around 4000 miles of wire to 
be processed for the electrical systems.

Contact: Peter Dickinson 
E: pdickinson@spectrumtech.com 
W: www.sprectrumtech.com

Full details of all news items here, plus additional news items that missed the cut, can be found on the AILU web site

New AM metal powders
In response to the ever-changing 
requirements of their customers EOS, a 
German manufacturer of additive manu-
facturing systems, has added Titanium 
Ti64ELI and StainlessSteel 316L to its 
metal materials portfolio. 

Parts built in EOS Titanium Ti64ELI 
(extra low interstitial) have a chemical 
composition and mechanical proper-
ties that meet the ASTM F136 standard 
specification for wrought annealed 
Ti64ELI alloy used in the manufacture of 
surgical implants. 

Parts built from EOS Stainless Steel 
316L alloy have a chemical composi-
tion corresponding to ASTM F138, 
the standard specification for wrought 
18Cr-14Ni-2.5Mo stainless steel bar 
and wire for producing surgical implants 
(UNS S31673). In the medical industry, 
this alloy is particularly suitable for man-
ufacturing surgical instruments and for 
applications in endoscopic surgery and 
orthopaedics, as well as for implants.

StainlessSteel 316L 
is also a good choice 
for use in the watch 
and jewellery indus-
tries. Watch cases, 
for example, can 
be additively manufactured easily and 
cost-efficiently, while saving material. 
The alloy is also well suited to produc-
ing a wide variety of other products 
from spectacle frames to functional ele-

ments for yachts, to clamping elements 
and heat exchangers in the aerospace 
sector. Parts can be mechanically post-
processed and polished.

New micro laser sintering company
3D-Micromac AG, Chemnitz (a provider 
of laser micro-machining systems) 
and EOS are pooling their respective 
technological know-how in the area 
micro laser sintering (MLS) technology 
by establishing a new company, 3D 
MicroPrint GmbH.

Initial fields 
of applica-
tion include 
nozzles for 
the automo-
tive industry, 
components 
for medical devices and the individuali-
sation of jewellery. There is also a grow-
ing demand for micro parts in mould-
making and aerospace. With layer thick-
nesses of ≤ 5 µm and focus diameters ≤ 
30 µm, MLS technology opens up new 
dimensions in AM. 

Dr Hans J. Langer, CEO of EOS, 
remarked, “Demand for very small parts 
which are difficult to manufacture using 
conventional processes is rising tremen-
dously. MLS provides solutions for three 
major trends: individualisation, function-
al integration and miniaturisation.”

Contact: Stuart Jackson 
E: stuart.jackson@eos.info 
W: www.eos.info

Laser sintering news from EOS

AM-made watch case

Micro laser sintered parts on a 
computer keyboard

CASE STUDY: Designer and supplier of injection moulding tools turns to AM
Spritzguss + Formenbau Bergmann, 
based in Northern Germany, has pur-
chased its first metal additive manufac-
turing (AM) system, an EOSINT M 280 
from EOS. The purchase enables the 
company to produce tool inserts, such 
as cores and slides, as well as proto-
types directly from metal. 

Complex geometries can be achieved, 
such as freeform surfaces, fins and 
cooling channels. In particular, it is 
possible to create conformal cooling 
channels using DMLS, which reduce 
moulding cycle times and improve the 
quality of the plastic components pro-
duced. The material most commonly 
employed in tool construction is EOS 
MaragingSteel MS1. 

André Gerbert, assistant to the sen-
ior management at Spritzguss + 
Formenbau Bergmann said: “Not only 
can we employ the new metal system 

for tool making 
on the premises 
but we can now 
also perform 
contract work for 
our customers. 
We are already 
able to achieve 
considerable 
reductions of up 
to 20% in cycle 
times. Moreover, 
as additive man-
ufacturing ena-
bles conformal 
cooling of tool 
cores, we can produce a tool that is 
50% better in terms of functionality."

“It should be noted that half of the tool 
cores that we are now able to produce 
using the EOS system could not be 
manufactured using conventional meth-
ods,“ Andre added.

AM allows the creation 
of conformal cooling 
channels in mould tools, 
resulting in higher quality 
plastic injection moulded 
parts

Coffee capsule holder
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CMM Tube Division
CMM, based in Medole, Italy has been working in the structur-
al steel field for over 41 years. The owners, Messers. Ghirardi, 
are father and son. The Tube Division consists of eight laser 
cutting systems, providing the capability to process any type 
of tube or profile with a maximum diameter of 508 mm and 
maximum lengths up to 14 m.

CMM has actually followed step by step the evolutionary his-
tory of Adige products "For a contractor is important to have 
the right machine for each job," said Mr. Ghirardi, explaining 
the philosophy that led him to create a tube processing division 
that probably has no equal in Italy.  

"In 1995 we introduced laser cutting in the company. We 
started with a system for cutting sheet metal, which included 
a tube processing module and since then came our interest 
in this fundamental structural element. That’s when we had 
a meeting with Adige for the purchase of the first laser tube 
system, a TT651 system for cutting round, square and rectan-
gular tube," said Mr. Ghirardi. Since then he has purchased the 
TT652, LT 702, LT712, LT Combo, up to the most recent LT8 
system from ADIGE and ADIGE-SYS, which provides the pos-
sibility of processing bars up to 12 m. 

CMM also purchased an LT Jumbo to cut pipes up to 508 mm 
in diameter with a 16 
mm thickness. The 
goal was to enter the 
construction, port, 
airport, bridge and 
railways market. In 
reality, the machine 
arrived just at the out-
break of the financial 
crisis. "Nevertheless, 
we have invested 
heavily in the LT Jumbo product and particularly in training of 
our technicians so that they can cut beams; this is what makes 
the difference," said Mr. Ghirardi. "It has meant that we have 
been able to obtain products where others stop."  

Piazza Garibaldi subway station
CMM has played an 
important role in the 
construction of the 
subway station of 
Piazza Garibaldi in 
Naples. The design 
by the French archi-
tect Dominique 
Perrault provides a 
tube structure over 
three levels. Only the 
third level is visible 
from the square and 
it only partially cov-
ers the square, while 
the two lower levels 
include the metro 
station itself and an 
intermediate level 
which contains a 
shopping centre.

The architect 
drew up a rough 
draft without nec-
essarily assuming 
the use of the 
laser. Only later 
did Carannante, 
the company 
responsible for 
implementing the 
executive project, 
avail itself of 
the laser-cutting 
expertise of CMM and collaborate with them in the assembly 
of the nodes.

The project is now almost complete and requires the use of 
approximately 700 tons of tube for a structure that externally 
is 17 m high, 50 m wide and 254 m long. "About 80% of the 
structure was produced with the LT Jumbo system - says Luigi 
- and use of the laser has allowed us to develop unique joints 
that have made it much easier and more accurate to assemble 
on the construction site."

The tubes that run to each node were cut in CMM and sent 
on site in an appropriately marked bundle in order to easily 
proceed with the of assembly and welding phases. The nodes 
were assembled and welded on the ground, as far as possible, 
and then, when put in place, the connections to the structure, 
welds, followed by sand-blasting, galvanizing, sanding and 
painting on site were completed. The fact that when the struc-
ture was finished an entire bay of 50 m in length deviated by 
just one centimetre is significant.

This is not the only example of large structures in which CMM 
has cooperated; the light towers commissioned for the USA is 
another example, this requiring 15,000 pieces of tube measur-
ing 12.5 m each, or the off-shore towers commissioned for 
Russia, where 300 mm long, 20 mm thick beams form 60 m 
high towers.

Nowadays, CMM is able to meet virtually any requirement 
in the field of tube cutting. The secret lies not only in the 
machines, but also in the technical department that provides 
the essential design support to the customer and this allows 
CMM to have many customers in very diverse sectors.

Contact: Paul Lake 
BLM Group UK Ltd 
E: paul@blmgroup.uk.com 
W: www.blmgroup.com
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Chairman's report

Job Shop Spring

Jo
b Shop Group

JSG

Laser Job Shop Group
Users of Lasers for Profit
An AILU special  interest group

Well, we’ve made it 
to the summer and all 
seems to be going well, 
seemingly with record 
business reported by all 
the job shops: it looks 
like the good weather 
has brought some 
renewed optimism.

We're approaching the holiday season 
and despite rumours to the contrary I 
do let my staff have a couple of days off 
each year. This always causes problems 
and disrupts business for about a month 
with people coming and going.

Each year we try to prepare by making 
sure that training is in place for staff to 
cope with other business skills. We’ve 
recently had John Powell provide some 
training; this always proves very popular. 
Also, some members of staff attend the 
local college to improve their knowledge 
and skills. As a business we can use 
these newly gained skills to our advan-
tage, though sometimes it all comes 
back to bite us when staff leave, taking 
their newly acquired skills with them.

At the moment there is funding avail-
able to cover the cost of the training, so 

we start all over with new staff that are 
recruited. At least there are new experi-
ences coming along on a regular basis.

Our business is always looking to 
improve its processes to keep at the 
forefront of the job shop sector. There 
is still some funding available in certain 
areas and now seems an ideal time to 
replace, improve or modify any business 
for the better, especially if there is some 
financial help along the way. 

We have managed to secure a date and 
venue for the Annual Job Shop meet-
ing in October: Save the 16th at Amada. 
The meeting will be held at their newly 
revamped Kidderminster premises (see p. 
3). I for one am extremely happy as last 
time the meeting was held there we were 
looked after like kings and I thought the 
day was a resounding success. 

Please remember to keep your com-
ments and questions coming for the JS 
Forum on the AILU website. Every little 
helps to keep some interest in the site 
and we all gain from it in the long run.

Make hay while the sun shines!

Dean Cockayne
E: dean@midthermlaser.co.uk

LASERLINE®
Leading in laser gas supply solutions

LASERLINE® offers BOC customers the complete package of 
appropriate gases, customised gas supply solutions and a range 
of value added technical services. 

With supply solutions ranging from on-site nitrogen generators 
to liquid bulk supply, including a range of specialist gas 

equipment, BOC can offer an impartial view of the most 
appropriate supply solution to suit your needs.

To talk to someone about your gas requirements or to request 
your free LASERLINE® guide call BOC on 0800 111 333 or visit  
www.BOConline.co.uk\LASERLINE

Laser welding.LASERLINE®  Technical.
Laser gases and 

gas supply systems.

LASERLINE®  
Technical.

FREE LASERLINE®
Laser cutting and welding guides

506720-MPG Mktg Manufacturing AILU LASERLINE Advert-03.indd   1 20/02/2014   11:19

Raised productivity with fibre cutting
Bystronic has extended the functionality 
of its fibre laser profilers to make them 
even more efficient. The BySprint Fiber 
range (with 3 kW and 4 kW lasers) will 
in future have two Cut Control options: 
one to monitor the cutting process in 
real time and corrects it, the other to 
allow automatic nozzle exchange. Both 
have been available on Bystronic's CO2 
lasers for some time, to allow extended 
periods of unattended running.

The Cut Control function will stop the 
machine automatically if an interruption 
in the cut is detected and repeat that 
section of the cut. Component rejec-
tion and scrap rates are consequently 
reduced. It will also determine precisely 
the position of the edge of the sheet on 
the table for optimal material utilisation.

Automatic nozzle change is another new 
feature for the BySprint Fiber, which 
alleviates the need for the operator to 
correct each time a sheet of different 
material or thickness is to be cut.

Contact: David Larcombe 
E: david.larcombe@bystronic.com 
W: www.bystronic.com
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Laser cutting specialists, Laser Process, 
has produced more than 250 life-
sized steel cut outs of celebrities. The 
Connect2 Project was undertaken on 
behalf of the national sustainable trans-
port charity, Sustrans, and initiated to 
decorate cycle and pathways throughout 
the UK and Ireland. 

The artwork was cut from sheets of 
Corten steel on a 6 kW TruLaser 4050. 
Each figure took around an hour to cut, 
including substructure components. 

“This contract was an interesting depar-
ture for Laser Process. Our products 
are usually industry-based,” explained 
Director, David Lindsey. “However, this 
project gave us the chance to show that 
engineering can have a creative side.”

The subjects chosen by local organisa-
tions across the UK and Ireland range 
from footballer Ledley King and the 
actor, Richard Burton, through to Henry 

VIII and a towpath horse!  But for David 
Lindsey, it was the sculpture of soldier 
that proved the most poignant.

“Corporal Liam Riley was killed in 
Afghanistan and his mother wrote 
to us to say she was overwhelmed 
to be able to see her son,” David 
Lindsey explained.  “She passes the 
statue every day on the way work and 
she says hello to him.” His statue is 
between Nottingham and Sheffield at 
Killamarsh.

Contact: David Lindsey 
E: dl@laserprocess.co.uk 
W: www.laserprocess.co.uk

Hutchinson Engineering Award

SJC Hutchinson Engineering, a leading 
subcontract laser and metal fabrication 
firm based in Northern Ireland, once 
again proved themselves on the UK 
stage with a win at the MWP manufac-
turing awards The were awarded the title 
of 'MWP manufacturing awards Best 
Subcontract – Forming and Fabrication' 
at a ceremony in Birmingham attended 
by the UK’s foremost manufacturers and 
engineers.

The award recognises the strength and 
depth of a company which has invested 
heavily in technology and staff skills to 
provide the complete metal manufactur-
ing solution through laser cutting, fold-
ing, fabrication, kitting and state-of-the-
art 3D design services.

Now employing over 80 staff across 
two sites in Antrim and Kilrea, Richard 
Hutchinson, Operations Director of SJC 
Hutchinson Engineering was delighted to 
pick up the award following a win at this 
year’s ceremony.

“We have had a fantastic start to 2014 
and this award recognises the hard work 
and effort we as a team have put in. It 
is great to be recognised on a UK stage 
for our innovation, focus on quality and 
commitment to exceeding customer 
expectations," said Richard.

“We are now working increasingly with 
customers across the UK, in a range of 
sectors including coach building, materi-
als handling, road transport, agricultural, 
medical and aerospace and will continue 
to deliver the same excellence and qual-
ity that the MWP manufacturing awards 
celebrate.”

The MWP judges stated that, “Building 
any company is difficult let alone during 
recession however Hutchinson's com-
mitment to delivering quality products for 
clients is evidenced in their clear growth 
over the last three years."

Contact: Mark Hutchinson 
E: mark@hutchinson-engineering.co.uk 
W: www.hutchinson-engineering.co.uk

Grant Burgham (left), Business Development and 
Portfolio Director from Centaur Live, presented 
the trophy to Richard Hutchinson, (middle) 
Operations Director, Hutchinson Engineering 
and Marcus Brigstocke (right) the host for the 
evening

Grail installs profiler and press brake
Grail Engineering in the Forest of Dean, 
has offered a fast turnaround fabrication 
service for nearly 50 years. Historically, 
the company has subcontracted laser 
cutting. However, this function was 
brought in-house in 2012 following the 
purchase of a Bystronic ByStar 3015 
CO2 laser profiler and a CNC press brake 
from the same supplier. The £750,000 
investment, which included modifying the 
factory, has led to the formation of a new 
division, called Grail Laser. It supplies 
machined metal sheet and plate to Grail 
Engineering and also provides a sub-
contract laser cutting service. A key pur-
chasing factor was that the ByStar 3015 
cut 25 mm structural mild steel (S355) 
without any problems at its rated output 
of only 4.4 kW. 

Managing director Chick Grail com-
mented, "Grail Engineering had its best 
ever trading year in 2013. We anticipate 
that by the end of this year the 16% of 
Grail Laser's output currently consumed 
by Grail Engineering will have fallen to 
5%, as a result of expected growth in 
subcontract laser profiling for external 
customers.

Within the next two years, provided 
business growth continues at its current 
pace, the company will relocate to larger 
premises nearby, double the size of the 
current 18,000 sq ft factory. 

Contact: David Larcombe 
E: david.larcombe@bystronic.com 
W: www.bystronic.com

Extended capability at Cirrus Laser
Burgess Hill-based Cirrus Laser, one of 
the south’s leading laser and waterjet 
cutting job shops, has ordered a new 
Trumpf TruLaser Cell 3000 five-axis laser 
processing system. Capable of both cut-
ting and welding on the same platform, 
the machine will be the first of its type in 
the UK when it arrives later this year.  

“Numerous 
customers 
are request-
ing welding 
as a second-
ary opera-
tion to laser 
profiling,” 
explains 
David 
Connaway, 
Managing 
Director at Cirrus. 

“The Trumpf TruLaser Cell 3000 five-axis 
system will be added as a workstation 
to our existing TruLaser 5030 fibre flat-
bed laser. Of enormous benefit to our 
customers is Trumpf’s 2 in 1 Fibre that 
delivers the laser beam. In essence, this 
comprises one core inside another, which 
means one core is optimised for cutting 
and the other for welding. Therefore there 
is no compromise to either process and 
the end customer receives the best pos-
sible part in each case.”

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

Gerry Jones (left) of Trumpf and 
Dave Connaway of Cirrus Laser

Laser Process shows the art of sheet metal

JOB SHOP CORNER
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Advances in thick section fibre laser cutting
Mike Green, AILU Secretary

A comparison of cutting machine per-
formance for the 10 µm CO2 laser beam 
and the 1 µm fibre and disk lasers has 
been the subject of several papers in 
earlier issues of this magazine [1]. The 
optical fibre-deliverable 1 µm laser beam 
offers many benefits over the traditional 
CO2 laser and UK sales figures show 
that users agree. For example, in May 
2014 Bystronic UK sold ten laser cutting 
machines of which eight were fibre laser 
[2].

Perhaps the one clear advantage that 
CO2 cutting has held over fibre, attrib-
uted mainly to its longer wavelength, is 
a better edge quality when cutting met-
als ≥ 6 mm thick. Needless to say, laser 
system manufacturers and end users 
in the sheet processing industry have 
been working hard to address this issue 
and there is every reason to believe that 
great progress has been made, though 
not all of it has been made public. 
According to Trevor Ness, Senior Vice 
President for Sales and Marketing at 
IPG, the company that currently supplies 
multi-kW fibre lasers for all the large 
industrial flatbed laser cutting machines 
except those of Trumpf and Amada, 
the increased demand for higher fibre 
laser power in cutting machines (e.g. 
Bystronic's new 6 kW offering) is driven 
by improved cutting performance in 
thicker material, which appears to have 
been achieved at least in part by control 
of collimation-focusing optics in the cut-
ting head [3].

However, to date it is Trumpf and 
Amada that has been publicising break-
throughs in this area. In late 2013 Trumpf 
announced that its new 5030 BrightLine 
fibre sheet metal cutting machine, which 
employs a 5 kW disk laser, offers excel-
lent quality in cutting a wide variety of 
metals in both thin and thick sheet, as 
demonstrated in the BrightLine globe 
(see figure). At about the same time 
Amada announced much improved 
thick section fibre laser cutting with the 
ENSIS-3015AJ fibre laser, driven by a 
2 kW fibre laser. The Amada machine 
includes a Variable Beam Control Unit 
(the result of a collaboration between 
Amada and JDSU) which provided beam 
shape control. For both the Trumpf and 
Amada machines the key improvement 
is believed to be related to modifica-
tion of the laser beam before it enters 
the process fibre, to cause some of the 

laser power to be transmitted outside of 
the central core of the fibre: this results 
in a larger focal spot at the workpiece. 
Interestingly, Amada also offers a 4 kW 
fibre laser machine (the FOL AJ) that 
comes with special lens for improved 
thick section cutting, which turns the tra-
ditional Gaussian focal spot into a larger 
diameter annulus on the workpiece. 

Commenting on these improvements 
in cut edge quality, Dirk Petring at the 
Fraunhofer Institute for Laser Technology 
(ILT) in Aachen has pointed out that for 
over 20 years it has been predicted that 
a larger diameter focal spot is needed for 
cutting thicker material. Referring to the 
predictions of models such as CALCut 
in the context of the Trumpf and Amada 
approaches, Dirk sited four reasons for 
the improvements they have achieved:

• Wider kerfs allow a more efficient 
coupling of the gas jet into the kerf, 
thus resulting in better acceleration 
and ejection of the molten material.

• The focal depth is increased without 
the requirement of a longer focal 
length lens.

• Lower beam quality beams have 
steeper edges and counteract a 
slow slope of the top cut edge.

• The angles of incidence of the aber-
rated laser rays on the cutting front 
are reduced, thereby promoting 
direct beam absorption and reducing 
instabilities and multiple reflections.

Commenting on cut edge quality 
Dirk said that the results at medium 
(5-10 mm) and high (10-25 mm) thick-

ness stainless steel are still only mid-
way to reaching the high quality, low 
roughness level of the best that can be 
achieved with CO2 laser techniques for 
thick material, such as with Trumpf’s 
CO2 "BrightLine" or Amada’s "Silky Cut". 
Nevertheless, he says, the progress of 
these 1 µm laser machines towards a cut 
face of regular appearance and no burr 
attachment at the bottom edge is signifi-
cant, and it is pushing system suppliers 
and researchers to find similar, alterna-
tive or even better solutions". 

In summary, Trumpf and Amada have 
demonstrated significant improve-
ments in cut edge quality in thick sec-
tion cutting with 1 µm wavelength fibre 
delivered beams, primarily by control of 
beam quality, though improved nozzle 
design also plays a part. Comparative 
claims in this regard have yet to be 
made by other machine suppliers; 
nevertheless, recent sales of cutting 
machines employing ≥ 4 kW fibre laser 
power imply that thick section cutting 
has now reached a level that is accept-
able for many industrial users.

Dirk pointed out that there remains much 
to be tried that may extend the operat-
ing window for high quality cutting (e.g. 
modification of spatial and temporal dis-
tributions of power density, pointing vec-
tors and polarisation within the cutting 
kerf) as we continue the relentless pursuit 
of the 'universal' flatbed cutting machine.
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INTERVIEW

How would you describe the range of 
laser-related services that Tec Systems 
provides?

Tec Systems are specialist lasers inte-
grators, offering a range of modular laser 
systems and the capability to design 
and build bespoke solutions to suit the 
customers’ requirements. Our expertise 
includes of integrating of a range of laser 
technologies including fibre, CO2, pulsed 
YAG and Excimer, with outputs ranging 
from 10 W to 20 kW average power.     

Many UK-based industrial laser source 
and system manufacturers export most 
of their output. How much does Tec 
Systems export? Where do you see your 
main opportunities? 

Unlike the majority of UK-based laser 
equipment providers, most of our cus-
tomers are in the UK. This is mainly 
because we offer bespoke laser sys-
tems to suit customers’ requirements. 
However, with the recent launch of a 
series of modular laser cells, we have a 
greater potential to export our products 
worldwide. 

The development of fibre lasers and other 
high power, high brightness solid-state 
lasers has had a big impact on industrial 
laser materials processing. What impact 
have these developments had on your 
work as a system integrator? 

The development of laser sources, high 
power high brightness solid state sys-
tems in particular, has led to an expan-
sion in our industrial laser processing 
activities. This growth includes new 
opportunities in industrial sectors that 
had previously been overlooked.  

Based on your meetings with potential 
industrial customers how well do you 
think UK manufacturing industry is aware 
of what laser technology can offer or is 
there a lot more to be done?

A significant number of Tec Systems 
machines have gone into the automotive 
industry. The knowledge of laser tech-
nology in this sector is superior to that 
of other industrial sectors. The main rea-
son for this is presumably that the high 
volume, high speed and quality control 
that is required in the automotive sector 
favours lasers over other technologies.

By promoting how and why 
various automotive components 
utilise laser technology would 
undoubtedly encourage other 
industry sectors to incorporate 
lasers into their own production 
facilities. 

From your perspective do you see 
a growth in the uptake of lasers in 
UK manufacturing industry? 

Yes. Tec have seen a consider-
able increase in the number of 
laser based systems that we have 
provided over the last few years. We put 
this is down to two factors:

• Tec is now recognised as a UK mar-
ket leader in the supply of bespoke 
integrated laser solutions. 

• Industry sectors into which Tec 
have traditionally supplied bespoke 
automation are beginning to utilise 
laser-based automation for tasks 
previously undertaken using other 
methods.  

Applications where high powers and 
long focal length optics are used (such 
as for remote welding and cutting) can 
place unusual demands on the capability 
of laser guarding to prevent beam pen-
etration. How do you deal with this and 
do you undertake the risk assessments 
and testing specified in EN 60825-4 
‘Laser Guards’?

Tec Systems design and manufacture 
guard systems that are suited to the 
type and power of the laser source that 
is being integrated. Our expertise is in 
knowing when and what type of guard 
system to use when integrating a laser 
source.  In some cases we involve a 
third party to provide the solution.   

It is important that the relevant laser 
safety standards are satisfied, especially 
when we are supplying a full turnkey 
laser solution to eliminate the laser haz-
ard risk to the end user. Tec Systems 
carry out full risk assessments during 
various stages of the machine design 
and build. 

Are you receiving good technical support 
from laser suppliers in the selection and 
integration of lasers?

Yes. The technical support that Tec 
Systems receives from laser source 
manufacturers is one of the most impor-
tant elements of us providing fully auto-
mated laser solution to end users. From 
lead generation to commissioning at 
the end users site, the relationship that 
we have created with a number of laser 
source manufacturers is of vital impor-
tance. 

Can you describe any particularly unu-
sual laser machine requirements that you 
have had to meet?

As a bespoke machine supplier we often 
come across unusual laser machine 
requirements. For example, in a recent 
project the end user required a high 
powered fibre laser to be integrated into 
a flexible, fully automated cell. 

Tec has also supplied an ultra-high 
speed laser welding system that was 
required to perform 90 welds per sec-
ond. Due to its high speed, the speci-
fication of the servo driven motors and 
the need for a suitable laser head, the 
components had to be state of the art 
for this project to be a success. 

The packaging industry often presents 
unusual requirements and one notable 
example of this was the integration of 
a laser source into a completely auto-
mated conveying line. The laser had to 
remove the packaging from the product 
before the conveyor transported the 
product to the next process. 

Tony Jones
E: tjones@t-e-c-systems.com

A system integrator reviews the 
demands of working with lasers
An interview with Tony Jones
Managing Director of Tec Systems Ltd
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EDITORIAL

British and networking

Both in my day job running a small 
engineering company and as current 
President of AILU I go to many other 
companies and meetings. In addition 
to addressing the topic at hand, con-
versations usually include how various 
companies and the economy are doing; 
what the latest developments in tech-
nology are; how people deal with bits of 
legislation and much more. It is called 
networking. 

I find it very useful both to find con-
tacts and to increase my knowledge 
and I know that many others also find 
networking useful. I am also aware 
that I am in the company of only about 
twenty percent of the businesses in the 
UK. The other eighty percent seem not 
to venture beyond their own front door. 
They don't go to exhibitions; they might 
see a customer but not any competitors 
and they don't go to AILU workshops. 
When asked why they don't engage in 
this way the sort of reply one receives 
is: Can't see the point, can't afford the 
time, can't see what I would learn. I 

wish I had their 
confidence that 
they currently know 
it all!

Because you, dear 
reader, are a mem-
ber of AILU, or your 
organisation is, I 
assume that you do value networking 
and see the value of exposure to other 
ideas and thoughts. Spare a thought 
then for the hoards that see no value in 
this. If you know someone who never 
goes to any meetings or other forms of 
networking events, why not do them 
a favour and do your best to get them 
along to an AILU workshop. It might 
be difficult to winkle them out of their 
industrial tin shed; they may resent 
being brought, blinking, into the light 
of the latest in lasers. But it can be 
rewarding and we who 'get' networking 
would appreciate the chance to convert 
one more. 

Neil Main
E: neilmain@micrometric.co.uk

PRESIDENT'S MESSAGE

At this time of year I 
have far too many peo-
ple asking if I'm looking 
forward to a nice long 
summer break. Well, I 
will be having a week 
off and hiding in a cot-

tage on the shore of Loch Rannoch, 
but that’s about it. 

The fact is that working in a University 
is an all year round activity, as it 
undoubtedly is for all my friends and 
colleagues in industry. However without 
the undergraduate students around it 
is a time to try and catch up on some 
research and other activities. This 
includes hosting students from Poland 
and also a couple of Nuffield students, 
the latter having been placed with us 
in the summer holiday ahead of their 
final year of sixth form study. Inevitably 
incredibly bright they will spend four 
weeks with us running a mini-project. It 
will probably be their first exposure to 
university research in action, an experi-
ence to take with them as they head off 
for their degrees next year. 

More importantly, these students will 
learn a lot about what lasers can do 
in manufacturing. Together with main-
stream undergraduates, it’s important 
they receive this message. It’s some-
thing I have always felt important, par-
ticularly for our mechanical and manu-
facturing engineering students: that 
by the time they have completed their 
degrees they will have been introduced 
to the possibilities of lasers in manu-
facturing. Over the last two years this is 
something I have been able to do in my 
own teaching.

Indeed, there is no time to lose! It is 
quite disturbing how little the manu-
facturing world talks about lasers. At 
recent meetings it has been pointed 
out that the recent DBIS report “The 
Future of Manufacturing” (2013) only 

includes the word “photonics” once, and 
does not include the word laser at all! 

Lest I am misunderstood, I want to make 
it clear that I am aware that the potential 
of lasers is appreciated in higher cir-
cles. Indeed, my last 'Sharp Comment' 
addressed several funding opportunities 
directly related to laser processing and 
manufacturing with light. But more vis-
ibility is necessary. 

It is good to see that action is now 
underway in terms of UK Laser Materials 
Processing roadmapping and strategy 
development. A successful roadmap-
ping event was held in March in col-
laboration with the EPSRC Centre for 
Innovative Manufacturing in Laser Based 
Production Processes, and work is now 
beginning to develop a strategy for laser 
materials processing in the UK. These 
activities are critical to getting our sec-

tor better known to senior officials and 
government figures. Without such activi-
ties and their outcomes disseminated in 
reports and initiatives, LMP will contin-
ued to be overlooked when it comes to 
compiling reports such as “The Future of 
Manufacturing”.

Finally, of course, one other major activ-
ity that helps with the visibility of our 
community is ILAS 2015. Planning is 
underway, dates are set, 17&18th March 
2015, in Kenilworth. Please put this in 
your diary and start making plans to be 
there. We need to maintain the growth in 
this symposium and its importance, not 
only in the UK but in the rest of Europe 
as well. 

Martin Sharp 
E: m.sharp@ljmu.ac.uk

SHARP COMMENT
Spreading the good news

Dates for                            your diary

Chesford Grange, Kenilworth

ILAS 2015

17 & 18 March 2015
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ADDITIVE MANUFACTURE

Metal filtration products have 
traditionally been manufac-
tured from perforated plate, 

wedge wire and woven wire mesh. 
Additive Manufacturing (AM) offers 
the opportunity for fabrication of 
novel innovative filter designs and an 
alternative manufacturing process 
for some filter types that can reduce 
overall production time. Additive 
Manufacture also provides an oppor-
tunity to incorporate new functional 
features into traditional filter designs.

When a filter is employed in a conduit, 
it creates resistance to flow, producing 
a pressure differential with fluid flowing 
from high to low pressure across the 
filter, as illustrated in figure 1. This can 
be the cause of a significant energy loss 
when moving fluid within a pumping/fil-
tration system, an activity that accounts 
for a significant part of the UK’s industri-
al electricity usage. For example, in 2007 
13% of was used for pumping, equiva-
lent to 44.8 million MWh/year and equat-
ing to 6% of the UK’s carbon footprint. 
By optimising the fluid flow through a 
filter to minimise turbulence the filter 
becomes more energy efficient and so 
reduces the end users’ energy costs and 
carbon footprint. 

Traditional filter design
Filters are critical components in many 
industrial processes for damage preven-
tion and waste management; in particu-
lar to separate solids from fluids, with 

oversize solids being retained by the 
filter media. Generally, for coarse filtra-
tion, a sieve formed from a single per-
forated plate or single woven wire mesh 
layer, retains particles that are too large 
to pass through the holes in the sieve. 
Screens and filters can also be manufac-
tured using wedge wire, whilst for finer 
filtration, woven wire mesh with smaller 
apertures is used. Fine woven wire mesh 
alone can be damaged easily by the 
forces exerted at higher fluid flow rates 
and so filters generally comprise two or 
more layers. Filtration effectiveness and 
resistance also depends on a number of 
factors including the length of the filter, 
the aperture size and its construction, 
and filters are often designed specifically 
for their end-use application. Filters are 
therefore manufactured using a wide 
variety of fabrication techniques.

A role for additive manufacturing 
Mark Burns, a Director of Croft 
Engineering, realised that the resistance 
across a filter could be decreased by 
aligning the filter holes with the fluid flow. 
Traditional milling, drilling and turning 
methods were unsatisfactory in creating 
this type of filter, and it was Neil Burns, 
Director, who saw the opportunity of 
using additive manufacturing. As a result, 
Croft Engineering formed a new business, 
Croft Additive Manufacturing Limited, 
to explore the potential advantages and 
opportunities that this disruptive technol-
ogy could deliver and they acquired a 
Selective Laser Melting (SLM) machine 

from Realizer Gmbh, 
the SLM 250, to create 
filtration products.

The novel 3D filter 
design structures were 
created in SolidWorks 
(SolidWorks Corp), 
exported as *.STL files 
and uploaded into 
Magics™ (Materialise). 
Further changes are 
made within Magics™ 
to the structural design, 
including the addition 
of support structures 
(supporting, for exam-
ple, overhangs and 
internal features, which 

are important for fabricated component 
quality). The final design is then sliced 
into a series of consecutive layers, each 
approximately 50 µm thick, and upload-
ed into the Realizer. 

The Realizer SLM 250 AM machine build 
chamber is heated to 200°C, the pres-
sure increased slightly and the oxygen 
levels decreased to 0.2%. Stainless 
Steel (SS316L) powder is introduced and 
a rubber blade situated on a levelling 
wiper arm evenly distributes the powder 
across the base build plate in a uniform 
50 µm layer (figure 2). The laser then 
melts the SS316L powder according to 
the CAD design for that particular layer. 
This process is repeated for every layer 
until the build is completed. 

High Flow Filter Design  
Figure 3 shows a truncated cone shaped 
filter manufactures by the SLM 250, 
together with a schematic showing the 
sacrificial structure required support the 
filter components parts are less than 45° 
to the horizontal and therefore not self 

Expanding filtration horizons by embracing additive 
manufacturing

Louise Geekie, Neil Burns, Mark Burns and Darren Travis

Figure 1: A conventional manufactured filter 
showing support portion: perforated plate and 
filter portion: woven wire mesh and fluid flow 
path through the filter.

Figure 3: 
AM High 
Flow filter in 
stainless steel 
316L (left) 
and the build 
supports 
(red) added 
to support 
component 
parts at an 
angle of less 
than 45°.

Figure 2: Schematic of AM build process within the Realizer SLM 250 build 
chamber.
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supporting. The apertures and holes of 
the filter are aligned to the direction of 
fluid flow and arranged to produce the 
maximum open area for the filter. 

The benefit of this filter design is seen on 
figure 4 which provides a comparison of 
conventional filter and an AM filter with 
the same overall dimensions. For these 
particular filter dimensions decrease in 
the pumping energy required would be 
at least 15%.

Adaptation of traditional Filter Designs
Integrated Filter Support and Mesh
The support portion of a conventional fil-

ter, when designed for 
optimised geometry 
and loading, provides 
its strength, protects 
the mesh from dam-
age and supports the 
mesh from buckling 
or collapse under 
increased fluid flow. 
When woven wire 
mesh is shaped, as 
shown in figure 5a, it 
distorts and the aper-
ture size is no longer 
uniform. However, as 
shown in figure 5b, AM 
technology can provide 
filter assemblies with 
integrated support and 

filter layers in which the 
rigidity prevents distor-
tion of aperture size. The 

octahedral structure of these supports, 
each node having eight equally spaced 
arms, is shown in figure 6. 

In a series of experiments the internal 
geometry and aperture size were meas-
ured using a scanning electron micro-
scopy, to identify and correct for small 
deviations from the initial drawing. By 
more careful control of a number of fac-
tors, including the laser hatching and 
spot distance, the repeating node struc-
ture of the filter supports could be made 
regular and consistent with requirements; 
see figure 7. In summary, AM was shown 
to be successful in the manufacture 
of integrated filter units that comprise 
both the filter support and filter por-
tion. Compared to the traditional woven 
wire mesh the AM filter offers a uniform 
aperture size and a greater strength and 
overall longer life span. 

Novel fabrication of wedge wire filters
Traditional wedge wire filters are difficult 
and time consuming to manufacture. 
Mandrels of specific sizes are required 
for winding the wire to the correct size 

and the maintenance of a round circum-
ference and the attachment and align-
ment of the wedge wire is time consum-
ing; and lastly, attachment of the end 
piece of wedge wire presents a practical 
difficulty.

AM allows this wedge wire filter to be 
made in a single piece, in various sizes 
to fit end users requirements as well as 
allowing a leaner form of manufacturing. 
The decrease in waste using this AM 
technique, with unused powder being 
recycled, further decreases environmen-
tal impact.

Conclusions
Producing filters in metal by AM permits 
the fabrication of novel filter designs, 
delivering benefits to the end user such 
as higher flow filters and reduced pump 
energy requirements. AM can also be 
used to develop traditional filter designs, 
such as the integration of filter support 
and mesh to increase filter strength and 
decreasing lead time in the delivery of 
multi-part filters. 
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Figure 5:  
(a) Conventional 
filter showing 
the distortion 
of apertures in 
moulded wire mesh; 
(b) AM filter (SS316L) 
demonstrating 
apertures with 
retained size and 
shape

Figure 6: The internal octahedral geometry of the 
AM truncated cone filter, with its repeating node 
structure, highlighting the key elements on a 
'node': the repeating structural element. The bar 
drawn on the photo indicates the node length.

Figure 4: Comparison of pressure drop vs flow rate across a conventional 
filter and an AM filter. The filters have the same overall dimensions vis. 32 
mm diameter, height 28 mm, 2 mm apertures

Conventional filter

AM filter

a

b

Node centre

Node arm

Node length

Figure 8: CAD representation of AM wedge wire filter Design (left and middle). 
Photograph (right) of the wedge wire filter constructed using a Realizer SLM 250 AM 
machine in SS316L metal powder.

Figure 7 SEM photograph showing the repeating 
node structure to be regular and consistent with 
the CAD Design
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CUTTING

The advent of robust and reliable 
high power solid state lasers 
and optical fibre beam delivery 

has provided a realistic opportu-
nity for the use of lasers in nuclear 
decommissioning. Potential applica-
tions include the cutting of contami-
nated pipework and vessels, both of 
which need to be size reduced so that 
the resultant parts can be placed in 
containers for long term storage. 

Laser cutting favourably compares to 
other cutting processes used in decom-
missioning. Compared to mechanical 
cutting, the absence of a reaction force 
between the laser cutting head and the 
material being cut means that lightweight 
deployment systems can be employed 
i.e. less secondary waste. Compared to 
other thermal processes, laser cutting 
generally produces less cutting debris 
(smaller kerfs) [1] and less fume. Laser 
cutting also allows for single sided cut-
ting of tubular structures and pipework, 
as described in an earlier paper in The 
Laser User (Issue 60, p 30 , 2010). 

In laser cutting where the capability to 
simply sever the material is more impor-
tant than maintaining cut quality, the 
tolerance to cutting head stand-off can 
be arranged to be high by employing 
high brightness lasers and long focal 
length cutting optics. This, combined 
with cut path flexibility, makes laser 
cutting is well suited to remote cutting 
operations.

There are also some current disadvan-
tages to laser cutting for nuclear appli-
cations, which are still being addressed. 
These include the generic development 
of a safety case for use of laser cutting 
and within this, some of the important 
issues include management of the laser 
beam energy transmitted through the 
part being cut and the temperatures 
generated in the process. 

Experimental programme
The results described here address the 
capability of a 5 kW fibre delivered laser 
beam to cut plate material, specifically 6 
and 25 mm thickness 304 stainless and 
S275JR C-Mn steels; henceforth referred 
to as simply as stainless and C-Mn steel.  

Optical fibre considerations
During laser cutting in decommission-
ing the optical fibre which delivers the 
laser radiation to the cutting head will 
become contaminated and is there-
fore subsequently unusable. A 50 m 
long fibre of this type is expensive 
so to reduce the replacement cost a 
‘fibre to fibre coupler’ could be posi-
tioned just outside the active area 
or cell, allowing a fibre of the minimum 
required length to be introduced into the 
active area. In practice this means that 
the output of the shorter (disposable) 
fibre would have to have to a larger core 
diameter than that of the input fibre, 
possibly by a factor of two, in order to 
avoid power loss in the transition. 

In order to assess the effect of employ-
ing such a fibre to fibre coupler in 
active decommissioning, cutting results 
were carried out using feeding fibres of 
150 µm diameter (the smallest possible 
with TWI’s 5 kW fibre laser) and 300 µm 
diameter. The diameter of the final beam 
focus after the cutting head is propor-
tional to the exit diameter of the fibre 
feeding into the cutting head; it is also 
proportional to the ratio of focal lengths 
of the collimating and focussing lenses. 

Laser cutting head
In conventional laser cutting systems, 
the fibre output at the cutting head is  
first made parallel by a collimating lens. 
A second lens then focuses the laser 
radiation for cutting. In this work two 
cutting heads were used. Both used 
the same 120 mm focal length collimat-
ing lens. Focussing lenses of 250 and 
500 mm focal length were used. Both 
cutting heads used the same nozzle exit 
design, with a clear central hole of 6 mm 
diameter. Table 1 provides details of the 
focussed spot diameters for the various 
combinations of optics used.

The cutting nozzles were arranged to 
produce a 15 mm distance between the 
end of the nozzle and the position of the 
beam focus. The cutting head included a 
quartz cover slide to provide the cutting 
lens with some protection from scat-
tered debris and dust during the trials. 
Compressed air from a bottle bank was 
used as the cutting assist gas. The cut-
ting assist gas pressure, measured at 
the process head was 8 bar.

Results
For each material and thickness com-
bination and corresponding optical 
configuration, the focus position, the 
stand-off distance and the cutting speed 
for separation were assembled for each 
identified sample. Examples of results 
summarised in figure 1 for a 500 mm 
focusing lens, show that for both materi-
als and both material thicknesses, there 
was little difference in any of the cutting 
results in terms of separation speed, 
for both optical fibre diameters. Slightly 
more pronounced differences in cutting 
speed between the 150 and the 300 µm 
fibres were recorded using the 250 mm 
focal length lens. 

As expected, edge cut quality decreases 
with increasing stand-off distance, and 
when using the 250 mm lens (with either 
fibre), the maximum separation speed 
dropped significantly as the stand-off 
distance increased (and the diameter of 
the focal spot incident on the material 
surface increased), which correspond-
ingly reduced the available incident 
power density: Nevertheless, for a wide 
range of stand-off distance both materi-
als at both thicknesses could be cut 
using either of the two focal length lens-
es, irrespective of the diameter of the 
optical fibre delivering the laser power.

A more detailed look at the results 
revealed the following:

For the 6 mm thickness material:

• For all stand-off distances, the 
range in the separation speed 
results for the 300 µm fibre was 
consistently smaller. 

• For all stand-off distances, the 
range in the separation speed 
results using the 500 mm lens was 
significantly smaller than when using 
the 250 mm lens.

Laser cutting in decommissioning applications

Paul Hilton

Fibre 
diameter 
(µm)

Collimating 
lens focal 
length (mm)

Focussing 
lens focal 
length (mm)

Approximate 
spot diameter 
(mm)

150

120

250 0.3

150 500 0.6

300 250 0.6

300 500 1.2

Table 1. Calculated spot diameters used in cutting trials
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• For all stand-off distances, for each 
lens and fibre, range and average 
separation speeds were similar for 
both materials.

• The most tolerant performance was 
when using the 300 µm fibre and the 
500 mm lens, for both materials.

For the 25 mm thickness material:

• For all stand-off distances, the 
range in the separation speed 
results for the 150 µm fibre was 
slightly lower than when using the 
300 µm diameter fibre. (But equal 
for the 250 mm lens and mild steel)

• For all stand-off distances, the 
range in the separation speed 
results using the 500 mm lens was 
significantly smaller than when using 
the 250 mm lens.

• For all stand-off distances, for each 
lens and fibre combination, average 
separation speeds were similar for 
both materials.

• The most tolerant performance was 
when using the 150 µm fibre and 
the 500 mm lens, for both materials, 
but with the stand-off limited to less 
than 75 mm for the mild steel.

As can be seen in Table 1, the optical 
combinations 150 µm fibre/ 500 mm lens 
and 300 µm fibre/ 250 mm lens, both 
produced a minimum focussed spot 
size of 0.6 mm. The difference between 
these two laser beams is in the diver-
gence angle of the beam below the focus 
point. The 500 mm lens diverges less 
than the 250 mm lens. Results show that 
for plates positioned close to the noz-
zle, the 250 mm lens (and 300 µm fibre), 
produced the highest cutting speeds. 
However, at larger stand-off distances, 
the 500 mm lens (and 150 µm fibre), per-
formed better, in terms of achievable cut-
ting speed. Results also shows that the 
500 mm lens/150 µm fibre combination 
outperforms the 250 mm lens/300 µm 
fibre combination. These findings are 
reflected for both 6 mm thickness mate-
rials and also, but to a lesser extent, for 
the 25 mm thickness materials.

Conclusions
The major reason for the limited use of 
lasers in decommissioning is that histori-
cally, industrial lasers have been consid-
ered unreliable and not suited to on-site 
nuclear decommissioning environments. 
However, developments in solid state 
laser technology over the past decade 
have produced radical improvements in 
laser source reliability and robustness.

This work, conducted using 5 kW of 
laser power, delivered down 150 and 
300  µm diameter optical fibres has 
allowed the following conclusions to be 
drawn:

• Only small differences in cutting 
speed and cut quality were seen for 
both focussing lenses, both plate 
materials and both thicknesses, 
when varying the stand-off distance 
or changing fibre diameter from 150 
to 300 µm. This result indicates the 
high tolerance offered by laser cut-
ting when edge quality is not the 
deciding factor.

• For the 6 mm thickness, the most 
tolerant performance was obtained 
using the 300 µm fibre and the 
500 mm lens, for both materi-
als. However, this lens also has 
the smallest divergence below the 
cut and therefore poses the larger 
impact on whatever is positioned 
behind the material being cut.

• For the 25 mm thickness, the most 
tolerant performance was using 
the 150 µm fibre and the 500 mm 
lens, for both materials, but with the 
stand-off limited to less than 75 mm 
for the mild steel.

• For both materials, separation 
speeds of up to 0.15 m/min can 
be maintained when cutting up to 
25 mm thickness material, with noz-
zle to workpiece stand-off distances 
up to 75 mm. 

Such wide tolerance to nozzle tip posi-
tion is important for decommissioning 
applications which must be performed 
remotely.
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Figure 1. Comparison of cutting results for  
(a) 6 mm and (b) 25 mm thick material, both with 
a 500 mm focal length focusing lens.
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MICRO-PROCESSING

Polarization is a critical param-
eter in the interaction of laser 
radiation with matter. For exam-

ple, simple Fresnel reflection from a 
dielectric interface near Brewster’s 
angle, atomic absorption and emis-
sion of light in the presence of a 
magnetic field (Zeeman effect) and 
ultrafast laser surface ablation [1] all 
show significant effects of incident 
polarization state. In [1], the observed 
asymmetric ablation geometries and 
nano-structures were related to the 
direction of linear polarization. Also, 
high intensity non-linear phenomena 
such as self-focusing, filamentation 
and multi-photon ionization (MPI) in 
atoms, molecules and solids are all 
polarization sensitive. With MPI at 
low non- linear order (N ≤ 4), radia-
tion couples more strongly when it is 
circularly polarized than when it is lin-
early polarised, whilst at higher orders 
(N ≥ 6) a significant reversal occurs. 

In all of the above examples, the abil-
ity to control and manipulate the state 
of polarization of the incident beam is 
desirable in that it allows better control 
of laser-material interaction. The lat-
est technological developments of the 
Spatial Light Modulator (SLM) make 
it a flexible device well suited to laser 
materials processing over a wide range 
of industrial applications. Examples 
include: diffractive parallel surface pat-
terning; real time 3D femtosecond 
inscription in dielectrics; and radial or 
azimuthal polarization generation for 
improving drilling efficiency. Recently, 
with the aid of two SLMs, arbitrary 
control of a laser beam wavefront and 
polarization was demonstrated. 

Dynamic switching of arbitrary polariza-
tion states opens up the possibility of 
further control of the laser–material inter-
actions in a highly desirable and flexible 
manner, as demonstrated in our recent 
paper [2]. This paper presented the first 
demonstration of dynamic control of 
spatially structured polarization fields in 
a picosecond-pulse laser micro-process-
ing system, using two phase-only SLMs 
in series. The polarization was modulat-
ed at a speed of up to 12.5 Hz, switch-

ing between four distinct 
states: linear horizontal 
and vertical, radial and 
azimuthal, whilst scanning 
the beam on the surface 
of a highly polished steel 
sample. The polarization 
modulation was analyzed 
through surface plasmon 
nano-structuring, imprint-
ing a polarization sensitive 
Laser Induced Plasmonic 
Surface Structure (LIPSS) 
within the exposed 
regions of the sample.

Experimental Set-up
The laser source for this 
work was a Coherent 
Talisker with a pulse 
width of 10 ps, a wave-
length of 532 nm (linew-
idth ~0.1 nm), M2 <1.3, 
average power of 8 W, 
200 kHz maximum repeti-
tion rate and a horizontal 
linear polarization. To 
modulate the wavefront 
as well as the polariza-
tion, two Hamamatsu X10468-04 LCOS-
SLMs (Liquid-Crystal On Silicon Spatial 
Light Modulators) and a pair of zero-
order waveplates were used. The SLMs 
(referred to as SLM1 and 2) are of the 
phase-only, reflection type and provide 
a 16x12 mm, 800 x 600 pixel array of 
horizontally oriented liquid-crystal phase 
retarders. SLM1 was used to control the 
wavefronts whereas SLM2, together with 
a half-waveplate in front and a quarter-
waveplate after, was used to control 
polarization.

First, the collimated beam was ana-
lyzed with a Spiricon beam profiler and 
a polarizing filter located just after the 
quarter-waveplate. The (fixed) phase-
map applied to SLM1 altered the wave-
front whereas the four phase-maps 
sequentially applied to SLM2 modulated 
the polarization states (see figure 1). All 
these optical field configurations pro-
duce the same ring-shaped intensity 
distribution when focused with a low 
NA lens such as the one used in our 
experiment. Therefore the fluence at the 

sample surface was the same in each 
case. Importantly, the SLMs enabled the 
phase-maps on SLMs to be dynamically 
switched so that the state of polarization 
could be modulated in real time.

Experimental procedure
The modulated laser beam was used to 
process the surface of a highly polished 
stainless steel sample, using a fluence 
near the ablation threshold of steel, 
~0.16 J/cm2. This led to the forma-
tion of wavelength-sized LIPSS, which 
align orthogonally to the local polari-
zation vectors of the beam [3]. The 
experiments involved laser processing 
the sample surface while dynamically 
changing the polarization fields, using 
the LIPSS to verify the polarization 
states. 

Case studies
Discrete patterns of laser spots with 
polarization control
As a first case study, the experimen-
tal setup was configured to produce 
a discrete pattern of laser spots, the 
overall geometry configured to repre-

Dynamic modulation of polarization for real-time control 
of ultrafast laser-material interactions

Yang Jin, Olivier Allegre, Walter Perrie, Kerry Abrams, and Geoff Dearden

Desired beam Phase maps Phase maps Beam 
 on SLM1 on SLM2 profile

Figure 1: Summary of the various beam configurations used for the 
experiments. Phase-map on SLM1 and phase-maps on SLM2 are 
adjusted to shape the beam wavefront and polarization respectively. 
The resulting collimated beams are analysed with a horizontally-
oriented polarizing filter and a Spiricon beam profiler. Note that the 
vertical linearly polarized beam is completely blocked by the analyser.
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sent four letters “LLEC” (Lairdside Laser 
Engineering Centre) each with a distinct 
state of polarization, see figure 2. Four 
sets of laser spots were sequentially 
produced so that each letter was pro-
duced with laser radiation in a different 
state of polarization. Each spot was 
imprinted with 100 pulses at 0.2 J/cm2 
and the overall exposure duration for 
the whole geometry was ~4 s (52 spots) 
corresponding to a polarization switch-
ing rate of ~1Hz.

After laser processing, a 
microscopic investiga-
tion of the four letters 
revealed the details of the 
laser spots, as shown in 
figure 2. As expected, 
each of the laser spots 
produced had a ring-
shaped structure. The laser 
exposure had also cre-
ated a LIPSS within each 
spot. The geometry of the 
LIPSS, shown in figure 2 in 
SEM images, is consistent 
with what was predicted. 

Arrays of laser spots with 
dynamic polarization control
By optimizing the timing 
delays in software and 
hardware, dynamic polari-
zation modulation was 
achieved by switching the 
four polarization states 
sequentially in real time, to 
generate a 12 x 12 array 
of laser ablated spots on a 
surface, each spot in turn 
imprinted with a differ-
ent nano-scale LIPSS, as 
shown in figure 3. The time 

taken to micro-machine the 144 spots 
was ~11.5 s, corresponding to an aver-
age exposure time of 0.08 s per spot 
and the polarization switching bandwidth 
of ν = 12.5 Hz. 

This experiment confirmed that dynamic 
control of spatially structured polariza-
tion fields had been achieved. The high 
degree of symmetry throughout the pat-
tern supports robust, effective polariza-
tion switching at the 12.5 Hz frequency.

Conclusions
Real-time modulation of spatially struc-
tured polarization fields has been dem-
onstrated, using two phase-only SLMs 
combined with two waveplates and 
addressed dynamically to sequentially 
switch between four distinct polariza-
tion states, at a frequency of up to ν = 
12.5 Hz. Radial and azimuthal as well as 
orthogonal linear polarization states were 
generated with high fidelity, all with a 
ring intensity distribution.

Dynamic, real-time technique for fast 
polarization modulation with SLM’s is 
demonstrated here for the first time. The 
technique has great potential for indus-
trial applications in both surface and vol-
ume micro and nano-structuring. These 
include, for example, complex security 
marking and the creation of photonic 
components (using high and low NA) 

via femtosecond inscription, including 
data storage. In addition, polarization 
dependent spectroscopies might well 
benefit from fast differential polarization 
measurements at these bandwidths. 
Efforts to increase the effective polari-
zation switching bandwidth are now in 
progress.
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Figure 2: (Centre) Optical micrographs showing the processed 
geometry, which is produced by marking four distinct sets of laser 
spots, each set using a different state of polarization. (Top and 
bottom) magnified regions of laser spots, imaged with an SEM. The 
ablation spots had been produced either with a radially (top-left inlay), 
azimuthally (top-right inlay), horizontally (bottom-left) and vertically 
(bottom-right) polarized beam. The red arrows represent the direction 
of local electric field vectors.

Figure 3: Optical micrograph showing a laser 
spot array, imaged with side-illumination at 
grazing incidence (red arrows). Thanks to the 
diffractive properties of LIPSS, only the areas 
that had been exposed with polarization vectors 
parallel to the red arrows reflect the low angle 
illumination through the microscope. The array 
had been processed by sequentially marking sets 
of four laser spots, each with a distinct state of 
polarization. The bottom-left inlay shows one 
such set of laser spots.
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Surface engineering is a com-
mon application for high power 
lasers and a significant amount 

of research is currently taking place 
in this field. This is partly driven by 
the benefits that can be gained from 
improvements in the surface proper-
ties of engineering materials. Lasers 
have many properties which are 
advantageous for this application 
such as flexibility, accuracy, speed, 
lack of tool wear as well as a negli-
gible effect on the properties of the 
bulk material [1, 2]. However, there are 
competing methods, such as electron 
beam treatment, chemical treatment, 
plasma treatment, electric discharge 
and sand blasting.

One of the most studied applications 
for laser surface texturing is the reduc-
tion of friction, both static and kinetic. 
This application is primarily based on 
the generation of indentations in the 
material surface which can then be filled 
with lubricant: the indentations act as 
micro-hydrodynamic bearings, lubricant 
reservoirs or as traps for wear debris, 
depending on the lubrication regime. 
However, despite all the current research 
on laser texturing for friction applications, 
very little appears to have been done 
on increasing the friction coefficient of a 
surface for applications such as reduc-
ing the tightening forces required for a 
joint, to secure precision fittings easily or 
for friction discs [3]. MAN Diesel & Turbo 
(MDT), for example, are looking for a reli-
able method of generating high static 
friction surfaces (µs > 0.6) for use in com-
ponents of large engines. 

Laser surface texturing to increase fric-
tion between two components has been 
reported [4, 5] but to date the results refer 
only to sliding friction tests, whereas for 
the MDT application it a high coefficient of 
static friction that has to be demonstrated. 

Experimental programme
The work described here aimed to 
achieve a static friction coefficient of > 
0.6 for applied normal forces in the range 
20 to 60 kN. Unlike the textures gener-
ated for friction reduction, where arrays 
of discrete dimples (craters) are normally 
used, in this work a rough surface was 
produced by overlapping the craters. 
All of the work relates to the use of a 
pulsed SPI 20WL fibre laser (wavelength 

1064 nm, pulse duration ~200ns), the 
output of which was passed through a 
galvanometric scanner with an F-theta 
focussing lens. The nominal focused 
spot size was ~50µm (1/e2 points). The 
materials used were commercially avail-
able, grade 304 stainless steel (SS304) 
and Cr-Mo-Al ‘nitriding’ steel with further 
tests performed on grade 316 stainless 
steel (SS316) and low alloy steel in order 
to confirm the observed trends.

Characterisation of individual craters
Figure 1 shows the dependence of crater 
depth and diameter on the pulse energy 
and number of pulses (up to 5 pulses on 
the same spot). The crater depth is seen 
to be almost independent of pulse ener-
gy above the ablation threshold (~0.2 mJ, 
corresponding to 10 J cm-2) but increas-
es approximately linearly with the number 
of pulses (i.e. each pulse removes about 
the same amount of material). By con-
trast, the diameter of a crater, which will 
reflect the contour of the beam cross 
section for which the fluence exceeds 
the ablation threshold, increased linearly 
with pulse energy. The crater diameter is 
essentially independent of the number of 
pulses. It is therefore clear that it is pos-
sible to independently control both crater 
depth and diameter.

Friction and hardness tests
Figure 2 shows the effect on 
surface appearance of varying 
pulse energy and pulse overlap. 
Figure 2a shows the surface 
produced using 0.4 mJ pulses 
to create craters in a hexagonal 
close packing, its appearance 
dominated by melt effects. By 
contrast, ablation is much more 
apparent in the surface shown in 
figure 2b produced using 0.8 mJ 
pulses. The higher energy pulse 
texture gives a fine-featured, 
rougher surface. 

Static friction testing
In order to measure the friction 
coefficient, samples were tex-
tured on both (opposite) faces 
and then placed between two 
standard counter surface pieces 
(un-textured, made of low alloy 
steel ground to Ra = 0.4µm) 
that in turn were held within two 
larger steel blocks. The normal 
force was applied to the sample, 
through the counter surface piec-

es and steel blocks by two high strength 
steel bolts. For the MDT application, the 
normal force is required to be between 
20kN and 60kN; providing a pressure 
of 50-150MPa on the surfaces of the 
sample. The test set-up was then moved 
to a hydraulic press, which applied a 
gradually increasing load force until the 
sample slipped. 

Initial static friction tests were carried out 
on nitriding steel samples. Pulse overlap 
was varied between -50% and 85% in 
the hexagonal 
arrangement. 
The results in 
figure 3 show 
a general trend 
of the friction 
coefficient 
increasing with 
pulse overlap. 
For textur-
ing with 0.4 
mJ pulses a 
maximum µs 
= 0.55 pulses 
was achieved 
whereas for the 
higher pulse 
energy with a 

Figure 2: Micrograph of 
0.4mJ (a) and 0.8mJ (b) 
pulse textures at -25% pulse 
overlap showing melt and 
ablation features respectively

50 µm

50 µm

SURFACE TEXTURING

Nanosecond laser texturing for high friction applications
Andrew Dunn, Jesper Carstensen, Krystian Wlodarczyk, Erica Hansen, Jack Gabzdyl, Paul Harrison, 
Jonathan Shephard and Duncan Hand 

Figure 1: Crater depth (top) and diameter (bottom) as a function 
of pulse energy, for different numbers of pulses

a

b
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SURFACE TEXTURING

more rapid increase in friction observed 
at high pulse overlaps (>50%). The 
apparent levelling off of friction coefficient 
to µs = 0.83 is instrumental, correspond-
ing to the maximum force available from 
the hydraulic press. Nevertheless is clear 
that using higher pulse energies consist-
ently gives higher friction coefficients for 
the same value of pulse overlap. These 
figures compare with the value of µs = 
0.22 for the as-received nitriding steel. 

The ‘failure’ of the textured component is 
not tolerable for the MDT application and, 
as a result, the specified minimum friction 
coefficient of 0.6 includes a safety margin 
such that slipping of the textured com-
ponent should never occur. As a result, 
damage is only a concern if the compo-
nent in question has to be taken apart 
for maintenance and there is a release of 
hard, loose material into the main engine 
assembly. The textured shim would nor-
mally be replaced at this point anyway. 
These more practical aspects of the appli-
cation are yet to be studied in detail.

Roughness measurements
Figure 4 shows the effect of pulse over-
lap on the arithmetic average (Sa) surface 
roughness of the sample. The rough-
ness appears not to correlate with the 
measured friction coefficients. The same 
trend was observed for other surface 
roughness parameters (e.g. RMS,  peak-
to-trough etc), indicating that it is not the 

Andrew Dunn has a MPhys 
degree in Engineering 
Physics and is currently 
working towards a PhD in 
“Surface engineering with 
lasers”, with interests in 
surface colouring, polishing 
and high friction texturing. 

most important determinant of 
static friction coefficient.

Visually, higher pulse energy and 
a greater degree of overlap dark-
en the surface appearance. This 
colour change is caused by sig-
nificant oxidation of the steel sur-
face, with the effect being more 
pronounced due to the increased 
energy, and therefore heat, input 
at higher pulse energy and over-
lap. As confirmed by measure-
ment, the metal oxides formed 
at the steel surface increase the 
surface hardness. The increase in 
hardness is assumed to facilitate 

the embedding of the rough sample into 
the comparatively soft (low alloy) counter 
surface when a normal force is applied, 
increasing the ploughing forces required 
to move the sample relative to the coun-
ter surfaces. 

Figure 5 shows both friction and hard-
ness for a range of samples. Even with 
this limited sample size, there appears 
to be an approximately linear correlation, 
though more data needs to be taken to 
confirm this trend.

SEM and EDX measurements were taken 
on a variety of differently processed 
samples in order to confirm the metal 
oxides present after laser texturing. For 
SS316 after laser texturing the oxides 
generated were chromium rich but also 

contained nickel and molybde-
num; for nitriding steel the result-
ing oxide formation was found 
to be aluminium and iron rich. 
Chromium and aluminium oxides 
are particularly hard materials 
and explain the increase in mate-
rial hardness measured in this 
study. The low alloy steel does 
not contain Cr or Al which may 
explain why, after laser texturing, 
this material exhibited the lowest 
friction coefficients. 

Conclusions
This study of nanosecond laser texturing 
various grades of steel for the generation 
of high friction surfaces has demon-
strated that: 
• In generating craters, depth and diam-

eter can be independently controlled. 
• In general, increasing pulse overlap 

when processing for high friction 
applications increases surface rough-
ness and friction coefficient, although 
the two are not directly correlated. 

• Oxidation at higher pulse energy 
and pulse overlap increases surface 
hardness, which appears to have an 
approximately linear relationship with 
the friction coefficient. This is most 
likely due to the formation of a thicker, 
hard metal oxide layer at the surface 
which allows deeper embedding of the 
sample into the counter surfaces when 
a normal force is applied.
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Figure 4: Arithmetic average surface roughness, Sa, as function 
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MICRO-PROCESSING

Adam Clare and Peter Farayibi

Laser additive manufacturing of functionally graded 
structures and their applications

Recent developments in 
processing of functionally grad-
ed materials (FGMs) are allow-

ing designers to solve problems in 
new ways through combining materi-
als into components which have loca-
tion-specific properties. The develop-
ment of FGMs involves the formation 
of a part from a selection of materials 
(metals and ceramics) such that the 
variation in the composition of the 
part produces desirable properties. 
This presents tremendous opportuni-
ties for Laser Additive Manufacturing 
(LAM). This article explores why LAM 
is a most promising and economi-
cal technique for production of FGM 
components for a diverse range of 
applications that may require various 
properties including toughness, cor-
rosion resistance, localised hardness 
and high temperature performance. 

LAM has its roots in work in the 1980s 
but continues to be a rapidly developing 
technology which can be applied to the 
production and repair of components 
in a range of engineering materials. The 
process involves consolidation of mate-
rials with the desired properties being 
fed into a laser-generated melt pool to 
form a layer on a substrate surface as 
it solidifies [1]. Controlled repetition of 
this process allows the fabrication of 
3-dimensional (3D) structures [2]. Thus, 
the structural quality of the component 
produced via LAM is dependent on 
some of the primary input factors in 
laser processing including laser power, 
traverse speed, step-up height and 
material feed rate. 

The incorporation of FGM parts into 
LAM-built components is a unique 
approach to develop components with 
location-specific properties such as 
enhanced tribological, corrosion and 
thermal properties. As a demonstrator 
in this study, a cylindrical structure has 
been built in a continuous manner with 
the integration of FGM parts, following 
careful control of the process variables. 
While a simple demonstrator, this high-
lights the potential for the technology in 
high value manufacturing applications.

Experimental set-up
The output of a 2 kW 1070 nm 
Ytterbrium-doped CW fibre laser (IPG 
Photonics) was coupled with a beam 
delivery system (125 mm collimating 
lens and a 200 mm focussing lens) and 
a Precitec YC-50 cladding head was 
employed for the manufacturing proc-
ess. The laser system was mounted on a 
4-axis CNC table and operated 20 mm 
out-of-focus to deliver a Gaussian beam 
profile of approximately 3.1 mm circular 
spot diameter. Figure 1 shows a sche-
matic of the system and process set up, 
which allows multiple materials to be 
delivered into the melt pool in wire or 
powder form. The materials used in this 
study were Ti-6Al-4V wire and tungsten 
carbide (WC) powder. The substrate 
material used was Ti-6Al-4V. The flex-
ibility of the process allows a range of 
matrix and reinforcement materials to be 
used in powder or wire form. 

A simple functionally graded structure
The determination of suitable process 
conditions for consistent depositions of 
Ti-6Al-4V wire alone and Ti-6Al-4V wire 
with varying tungsten carbide composi-
tion was made in a preliminary study. 
Subsequently, a cylindrical component 
was fabricated to explore the integration 
of continuously graduated deposits. This 
integration via LAM allows functionally 
graded parts to be built on a selected 
area of a larger component. The proc-
ess is sufficiently flexible for both original 
component manufacture and the repair 
of worn components. 

By graduating the composition along 
the cylinder in this way a ceramic rich 
regions can be unified with a metallic 
region  by LAM much more easily than 
it could be done by technique such as 
friction welding [3]. Figure 2 shows the 
functionally graded Ti-6Al-4V/WC cylin-
der additively fabricated.  

Figure 1: Laser process set up for fabricating a functionally graded cylindrical component
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The processing parameters were opti-
mised to achieve consistent deposition. 
By controlling material feed rates it was 
possible to accurately control material 
composition within the solid.

Ti-6Al-4V deposition
In the cylinder manufacture the first dep-
osition was of Ti-6Al-4V wire with a laser 
power of 1.6 kW, traverse speed 323 
deg/min (200 mm/min linear speed), and 
800 mm/min wire feed rate. With these 
parameters a single bead had a height 
of 1.4±0.1 mm. Re-melting of the previ-
ous bead layer flattened the top surface 
of the previous layer by 0.2±0.025 mm, 
so the Z-axis step was fixed at 1.2 mm. 
The value of the Z-axis step parameter, 
which was determined after several failed 
attempts to achieve consistent and sta-
ble deposition, was found to be critical. 
The laser power was ramped down in 
steps of 100 W as the height of the cyl-
inder was increased, a step each time an 

additional 5-layer had been deposited. 
The accumulated heat in the built kept 
the deposition stable, even as the laser 
power was reduced to 1 kW.

Ti-6Al-4V/WC deposition
During the build process, the deposition 
of Ti metal matrix composite is allowed 
for by ramping up the laser power to a 
constant 1.4 kW throughout the deposi-
tion as the WC powder was injected into 
the melt pool. Figure 3 shows a typical 
bead cross sections of Ti-6Al-4V/WC 
deposited with a common laser power 
of 1.4 kW. With increasing powder feed 
rate the WC powder deposition was 
found to increase with increased embed-
ded particle fraction in the Ti matrix: this 
created a variation of the bulk proper-
ties of the functionally graded part at 
a specific location. The height of the 

composite deposited was 1.8±0.1 mm. 
A Z-axis step of 1.4 mm gave a consist-
ent deposit, implying that the composite 
bead height decreased by 0.4±0.1 mm 
during re-melting. On pausing the powder 
injection, the laser power was stepped 
down to 1.3 kW, as wire deposition alone 
continued. The laser power was further 
ramped down until it reached 1 kW. 
Figure 4 illustrates the stepwise ramping 
of laser power as the functionally graded 
cylinder height is increased. 

After deposition, two distinctive bounda-
ries were observed in the cylinder; these 
are the boundaries of the Ti FGM regions. 

Such a functionally graded cylinder could 
be used as a plain bearing for industrial 
shafts where higher stiffness and wear 
may be required. 

Conclusions
The development of a functionally graded 
cylinder has demonstrated that such 
structures, made by laser additive manu-
facture, can be incorporated into product 

design. By eliminating assembly and 
joining processes it offers new design 
freedoms. However, the integrity of such 
components remains a challenge to their 
use in fatigue or fracture-critical applica-
tions in aerospace and ground transport 
industries.

A rudimentary approach has been 
exploited here which is dependent upon 
operator skill. As industrial demand 
develops it will force this technology to 
mature quickly. Critical will be process 
control with the use of automated moni-
toring and communication with CAD soft-
ware, to marry product with design intent. 
Furthermore, industrial users will require 
in-process quality assurance in high value 
applications to verify part integrity.
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Figure 3: Ti-6Al-4V/WC single bead cross sections 
Process condition: (a) laser power =1.4 kW, traverse 
speed = 200 mm/min, wire feed rate = 700 mm/min 
and powder feed rate = 10 g/min; (b) laser power 
= 1.4 kW, traverse speed = 400 mm/min, wire feed 
rate = 800 mm/min and powder feed rate = 30 g/min

Figure 4 Schematic illustration of stepwise laser power ramping as built 
height increases with a constant spot size and traverse speed
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Figure 2: A demonstrator cylinder of functional 
grade Ti-6Al-4V/WC made by LAM and ground 
post deposition

A: Laser power: 1 - 1.6 kW; Z-step: 1.2 mm/rotation; 
Section length: 25 mm.

B: Laser power: 1.4 kW; Z-step: 1.4 mm/rotation; 
Powder field rate 10 g/min; Section length: 25 mm.

C: Laser power: 1 - 1.2 kW; Z-step: 1.2 mm/rotation; 
Section length: 10 mm.

D: Laser power: 1.4 kW; Z-step: 1.4 mm/rotation; 
Powder field rate 20 g/min; Section length: 15 mm.

E: Laser power: 1 - 1.6 kW; Z-step: 1.2 mm/rotation; 
Section length: 5 mm.

The fabricated cylinder is 70 mm high. The inner 
diameter is 66±1 mm and outer diameter is 
74±1 mm as deposited. 
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OBSERVATIONS
Short comments on papers in this issue

Expanding filtration horizons by 
embracing additive manufacturing 
Louise Geekie, Neil Burns, Mark Burns 
and Darren Travis

The paper by Louise Geekie et. al. 
provides an excellent example of how 
Additive Manufacture can open up pos-
sibilities for manufacturers, making it 
viable to build and trial components of 
complex design. In particular, AM allows 
the designers to explore a wider range 
of capabilities and, for components 
the size of the filters that Croft Additive 
Manufacturing were building, compo-
nents in a number of different designs 
cant be manufactured in parallel, giving 
a much quicker route to the final design 
by making functional parts that can be 
properly tested in a production environ-
ment. The endless structures, be it node 
size, shape and spacing combined with 
the actual outside shape, make AM the 
designers ultimate tool and the inventors 
dream maker. 

We have with the use of AM discovered 
technical solutions to conventionally 
made parts, but taken it a stage further 
by allowing greater design freedom. The 
downside is that in full scale production, 
if the parts prove successful, we may 
find ourselves in the position of having 
the only process to manufacturer them, 
without the capability to produce them 
fast enough due to the limitations of the 
technology and the machine speed. 

Consequently, as a provider of AM 
machines, we continue to push for 
developments in the machines and the 
technology they employ, with the aim of 
producing more robust machines with 
fully traceable Quality Modules, and 
a repeatable, reliable process; so that 
when production needs to be up-scaled 
we are able to offer the customer the 
sort of production solution that is need-
ed for the application.

Colin Cater, ES Technology

Laser cutting in decommissioning 
applications 
Paul Hilton

This is a great piece of work to share 
with the laser community and the nucle-
ar industries should know about this:  
Congratulations to Paul and TWI!  

The snake laser robotic cutting demon-
strated by TWI opens up new opportuni-
ties for nuclear decommissioning. The 
experience gained in the work as report-
ed would be valuable to the industry as 

well as for academics to understand the 
differences between standard laser cut-
ting at short standoff distances and long 
standoff laser cutting for decommission-
ing using long focal length lenses.

Lin Li,  University of Manchester

Paul Hilton’s article confirms that TWI 
remain at the forefront of laser cutting as 
a decommissioning tool. This will obvi-
ously be an significant application of 
laser cutting – and the process robust-
ness exemplified by this type of research 
is extremely important. Readers may 
wish to take a look at a movie of the 
snake arm:  http://www.youtube.com/
watch?v=lJxdf13JHKU

John Powell, Laser Expertise Ltd

‘Bog Standard’, ‘Trend Setting’, ‘The 
Default Option’ and others, are expres-
sions used by the main stream ‘laser 
gurus’ when considering the latest 
developments for the processes in laser 
technology available on the market 
today; and what they all have in com-
mon is that they are referring to fibre 
lasers.

The automotive industry has aggres-
sively adopted the technology for both 
cutting and welding. Dr Hilton makes 
reference to ’Beam Quality’ and the flex-
ibility this introduces to nuclear decom-
missioning challenges. This benefit has  
revolutionised welding on the automo-
tive production line worldwide, with the 
use of robotic manipulators working at 
standoff distances that can exceed 1 m 
beam quality is a non-negotiable.

Optical fibre delivery, we believe, is the 
key to the ‘drive’ behind seeing this 
technology uptake in industries that 
demands high flexibility in the beam 
delivery mechanism. Nuclear decom-
missioning is without doubt the most 
rigid industry when even considering 
laser beam delivery into a radioactive 
cave. IPG fibre lasers offer the highest 
brightness sources that can be deliv-
ered at the power levels required by the 
nuclear decommissioning process. The 
all-important fibre to fibre inline coupler 
is a device commercially available and is 
simple to introduce to the beam delivery. 

As an example, a 5 kW multimode 
laser could deliver full power to the 
cutting process head, cutting with a 
flexible fibre - core size of 50 microns 
or higher. If we consider introducing a 
coupler as described by Dr Hilton the 
core size could typically be as small as 

100 microns. All the benefits of high 
brightness and sustained focus over 
long or larger standoff distance will be 
amplified by this improved beam qual-
ity available in the laser beam delivery 
mechanism.

However none of these advantages 
would have ‘stuck’ had it not been for 
the reliability and maintenance free 
aspects of this technology. 

The success story of the fibre laser is 
well entrenched in the mainstream laser 
industry and it is encouraging to see the 
advantages that this technology offers, 
being adopted by what is probably one 
of the most critical applications that can 
benefit all on many levels in helping to 
clean up the environment safely and 
more efficiently. The term ‘a disruptive 
technology’ associated with the success 
of the fibre laser in bringing change to 
the laser industry is clearly apt. Fibre 
lasers are paving the way for a new 
methodology in nuclear decommission-
ing is bringing much needed tools to 
expedite radical positive change.

Stan Wilford, IPG Photonics

Dynamic modulation of polarization 
for real-time control of ultrafast laser-
material interactions
Yang Yin, Olivier Allegre, Walter Perrie, 
Kerry Abrams and Geoff Dearden

All of us using lasers unavoidably have 
to deal with polarisation all the time - it 
is something that cannot be ignored yet 
it is often overlooked or misunderstood. 
Although in many cases it may not 
cause any great issues, in some applica-
tions a proper understanding and use 
of polarisation can be really beneficial 
and this article shows quite nicely what 
effects can be observed by altering the 
states of polarisation. 

Certainly using LIPSS - an effect known 
for many decades - to evidence the 
polarisation was an interesting idea 
and it shows the changing states quite 
clearly. A few applications are mentioned 
at the end of the article and I will wait to 
see where such polarisation switching 
may find a niche. 

In the industrial machining world where 
random, linear and circular polarisation 
states are all commonly used, I can't 
ever recall seeing a result with a radially-
polarised beam. Such a radially-polarised 
beam should give a smaller spot and, 
probably, more uniform drilling. Maybe 
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someone has a result showing how radial 
polarisation machines compared with 
more standard polarisation states?

Nadeem Rizvi 
Laser Micromachining Ltd

This article explores techniques for 
dynamically altering the polarization of a 
laser beam using a liquid crystal spatial 
light modulator (SLM). The polarization 
of light reflected from each pixel of such 
an SLM can be independently control-
led, which allows for complex polarisa-
tion patterns to be generated. Overall 
the article presents a really neat tech-
nique for producing beams with complex 
polarisation, though the applications 
of such technology are unfortunately 
a bit less clear.  However, the authors 
do demonstrate the potential impact of 
such polarisation patterning on a manu-
facturing process by generating LIPSS 
(laser induced periodic surface structure) 
patterns on a highly polished surface.  
Although such patterns can clearly 
be used to generate some interesting 
polarisation marking effects, it is not 
clear whether these LIPSS patterns have 
any likely real-world applications. I look 
forward to future developments in the 
application to security marking and data 
storage mentioned in the conclusions.

Duncan Hand, Heriot-Watt University

Nanosecond laser texturing for high 
friction applications
Andrew Dunn, Jesper Carstensen, 
Krystian Wlodarczyk, Erica Hansen, 
Jack Gabzdyl, Paul Harrison, Jonathan 
Shephard and Duncan Hand

The article is focused on the not so 
common application of laser texturing, 
especially to increase the static friction 
coefficient in large mechanical systems. 
Thus the contribution is interesting and 
demonstrates the flexibility of laser 
processing technology as a tool for sur-
face engineering while addressing spe-
cific application requirements. The arti-
cle reports just a basic investigation of 
process variables affecting the surface 
tribological properties, in particular to 
generate high friction surfaces. The cost 
effectiveness of using laser processing 
in such applications is not discussed 
and this will be a determining factor in 
developing this potential application 
further. It will be really interesting to find 
out if the laser texturing technology can 
be a commercially viable method for 
generating high static friction surfaces.

Stefan Dimov, University of Birmingham

Andrew and the team have presented 
some interesting work which shows that 
the surface roughness and friction coef-
ficient of several steel surfaces can be 
controlled using a nanosecond laser in 
the infra-red. 

Some clear correlations can be seen 
relating to pulse energy and pulse over-
lap. It is shown that surface roughness 
does not have a direct effect on the 
friction coefficient; something which 
is similar to observations I have made 
independently with regards to the wet-
tability/adhesion of polymers, also due 
to nanosecond-pulsed laser surface 
treatment. 

A possible way of further investigating 
the reasons for increased friction coef-
ficient could be by characterising the 
surface of the treated steel. Contact 
angle analysis may provide some infor-
mation regarding the effect the laser has 
on the surface free energy, and X-ray 
photoelectron spectroscopy could com-
plement the SEM and EDX data, provid-
ing some more information about the 
oxides that have developed. This could 
give a clearer picture as to how much 
of the friction coefficient is affected by 
topographical features, and how much 
of it is affected by chemical changes on 
the uppermost few nanometres of the 
treated surface due to the laser. This 
may be through removal of extraneous 
material, or via functionalisation (in a 
similar fashion to mechanisms brought 
about by plasma or corona discharge 
treatment). This is a very useful article 
which gives confidence in the possibility 
of using lasers to control the properties 
of steel surfaces.

Andy J Wilson, University of Surrey/TWI

Laser additive manufacturing of func-
tionally graded structures and their 
applications
Adam Clare and Peter Farayibi

This article provides an interesting 
approach to FGM showing how the tar-
geted addition of new materials into a 
LAM part can be achieved by a combi-
nation of both wire feeding and powder 
injection. The necessary alteration in 
layer height when WC powder is added 
to the wire feed coupled with the associ-
ated need for different process param-
eters highlight the authors observations 
on future requirements for accurate in-
process monitoring and feedback. I look 
forward to reading about future develop-
ments in this work, as the article raises 

some interesting points associated with 
mechanisms for delivery of dispersant 
particles into wire-fed LAM structures 
as opposed to those made using purely 
powder-fed systems.

Eamonn Fearon,  
Lairdside Laser Engineering Centre

This is an interesting report on an 
experiment that clearly demonstrates 
the potential for laser additive manu-
facturing to move outside of a single 
material regime, something I have often 
thought of (never had time to look at), 
principally having read the work of Leo 
Sexton using a three hopper approach 
to change compositions. 

As the authors indicate there are still 
issues to be overcome, some of which 
are present in additive manufacture in 
single materials, but a timely reminder 
of the potential to move to multiple 
materials.

Martin Sharp, 
Liverpool John Moores University

This is an excellent article giving an 
insight into the potential for direct feed 
additive manufacture systems in produc-
ing functionally graded materials. There 
is no doubt in my mind that one of the 
biggest applications for additive manu-
facture, laser based or otherwise, will 
be the production of both functionally 
graded and new materials by combin-
ing mixtures of other materials. This 
increased design freedom in material 
type could provide more benefits than 
the design freedoms currently being 
explored in selective laser melting sys-
tems. However very little work has been 
done on this topic and it is excellent that 
this group is taking it forward and dem-
onstrating what the possibilities are. 

Of course there are still many problems 
to be solved in all additive manufacture 
processes for homogenous materials. 
Most research activity is rightly focussed 
on addressing these problems. Providing 
these issues are overcome there is very 
wide range of combinations of materi-
als that can be explored and this should 
provide a fruitful area for research 
groups in additive manufacture way into 
the future. As a final note the authors 
should be commended on the amount 
of experimental detail that has been pro-
vide in this article.

Stewart Williams, Cranfield University
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Edited highlights from the feature 'Powder 
Power' by Dan Tye, which appeared in the 
June issue of Machinery magazine 

Delegates at AILU's additive manufac-
turing workshop in Sheffield came away 
with a realistic view of what the technol-
ogy can do here and now. The promise 
is to print a part straight from CAD, but 
after a day of presentations from those 
who are using additive manufacturing, 
the delivery of that promise is far from 
being this straightforward.

AILU’s workshop flyer stated it couldn’t 
promise all the answers on additive 
manufacturing. But a single day the 
event certainly did gave some of them.
One thing that is clear is that parts made 
using AM are now going into service and 
are making money for the businesses 
who have bought AM machinery. 

Many delegates were as surprised as 
I was as to how many parts are now 
being made with AM. For example, 
Trevor Illston of Materials Solutions 
reported that his company (which runs 
six EOS M270 machines and has a 
M280 on order) has now delivered over 
6,000 AM parts to industry. It seems that 
many end users of AM parts don’t want 
the publicity and it is credit to Renishaw 
and to Empire Cycles for being brave 
enough to shout about the mountain 
bike frame that has done such a good 
job of demonstrating the real-world use-
fulness of AM. 

The presentation by Robin Wilson (TSB) 
‘Design and dirty secrets - Getting the 
best from AM’ cut to the core issues on 
how we use AM machines. He told del-
egates that the TSB now “sees AM as 
a national competency” adding: “We’ve 
hung our flag on the mast and we will be 
investing in AM. We’ve already funded 
people to do work in this area because 
there’s a fantastic agenda to what can 
be designed. I think we’re only 10% in to 
understanding what it can offer.”

The ‘dirty secrets' of Robin's presentation 
relate to the unseen processes around 
AM, many of which have in the past been 
glossed over or kept secret. Any though 
no longer secret, they do remain dirty. 
Out of the 18 companies that the TSB is 
funding, 15 of them are addressing the 
‘dirty secrets’ and 13 are working on the 
design freedoms AM can give. 

Neil Burns from Croft 
Additive Manufacturing 
purchased a ReaLizer 
SLM 250 machine a 
year ago after seeing the 
potential to improve the 
filters he manufactures. 
“With AM I can make fil-
ters that have the holes 
aligned with the direc-
tion of the flow,” he told 
delegates. He has had a 
mixed response to these 
AM-made filters though, 
because they look differ-
ent. “The flexibility of the 
machine is fantastic,” he 
said. “But introducing the 
new designs to customers 
is where you encounter 
the barriers. 

Stephane Abed from Poly-
Shape in France has also come across 
such barriers. His main area of work in 
AM is in making structural parts lighter. 
His AM machines make lattices and 
structural beams of varying thicknesses, 
according to where finite element analysis 
says the stresses are. The result is a part 
that can look like a living insect. “People 
are afraid to have such organic-looking 
shapes,” Mr Abed told delegates. “But 
when they see the weight and the cost 
saving benefits they offer, that’s when 
they are more prepared to accept them.”

Neil Mantle, a head of AM at Rolls-
Royce confirmed it has been exploring 
AM in “certain applications” for the past 
10 years and has been running “lots of 
parallel activities” but, disappointingly, 
didn’t share anything new in detail. 

One of the most interesting comments 
about AM on the day came from Phil 
Kilburn at 3T RPD. “What’s refreshing 
is that people are being open about 
the fact that there are still issues with 
AM,” he said. "The people selling these 
AM machines have done a good job of 
showing how they can solve problems, 
but some shapes my customers want 
just can’t be manufactured.”

3T RPD is part of a project called ANVIL, 
which is looking into how metal powders 
behave. We’re three months into the 
project and six months into IMPULSE, 
which is focusing on surface finishes. 

Sozon Tsopanos from TWI told del-
egates how he is looking at increasing 
the flow rate of powders through noz-
zles for laser melting deposition (LMD 
machines) or increasing the number of 
lasers flashing on a powder bed. And 
David Wimpenny from the Coventry-
based MTC said it is looking at this too. 
“Control of powder quality and the recy-
cling of powder needs proper manage-
ment otherwise your parts will suffer,” 
he said.

Stewart Williams' focus is on making 
large parts using wire and arc additive 
manufacturing called WAAM. “Powder 
processes are expensive and limited in 
size,” he told delegates. “While some 
others here today have said they don’t 
want AM to replace casting and forging, 
that’s exactly what we’re trying to do 
with WAAM,” he enthuses. 

Ben Ferrar from LPW (a powder manu-
facturer) described the effort that LPW 
is putting into understanding how the 
powders are used. To this end LPW 
have created an online resource called 
Powdersolve where buyers of powders 
can see and track their life cycle.”

As Neil Burns from Croft Additive 
Manufacturing summarised the view of a 
new user of the technology, “Most peo-
ple think AM is a fad and not for them. 
But we now sell many of our conven-
tional filters as an AM product. Thinking 
differently opens doors.”

Speakers at AILU's AM workshop:  
(Back Row, l to r) Trevor Illston (Materials Solutions), Ben Ferrar (LPW 
Technology), Neil Mantle (Rolls Royce), Robin Wilson (Technology Strategy 
Board), Rob Scudamore (Chair, TWI), Edward Draper (JRI Orthopaedics), 
Stewart Williams (Cranfield University), Neil Burns (Croft Additive 
Manufacturing), Sozon Tsopanos (TWI).  
(Front Row, l to r):  Ravi Aswathanarayanaswamy (Renishaw), Phil Kilburn  
((3T RPD), David Wimpenny (Manufacturing Technology Centre),  
Stephane Abed (Poly-Shape), Moataz Attallah (University of Birmingham).

Metal Additive Manufacturing:  
opportunities in applications and improvements in process technology

1 APRIL 2014    Copthorne Hotel Sheffield
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ADVERTISEMENT
RETAINING SKILLS IN ENGINEERING

The Talent Retention Solution (TRS) has 
been set up by a group of senior indus-
try leaders (the Skills and Jobs Retention 
Group) to provide an industry led and sector 
focused programme through which to facili-
tate the deployment and retention of key 
Advanced Manufacturing and Engineering 
(AME) skills across the UK. It is a significant 
resource for the AME supply chain, and 
supports large, medium and small company 
interests.

The TRS is a UK-wide scheme which 
aims to retain skills in the Advanced 
Manufacturing and Engineering Sector, 
including Aerospace, Automotive, Civil 
Engineering, Defence, Energy, Marine, 
Manufacturing, Nuclear, Power Generation 
and Renewable industries. 

Sponsors of TRS include BAE, Rolls-Royce, 
Siemens, EDF Energy, Airbus, Shell, ECITB 
and The Glass Academy.

Further information is available at: 
 www.talentretention.biz

MACH 2014 in pictures: Some AILU highlights
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The AILU pavilion and other areas 
of the Engineering Lasers area at 
MACH had lots to entice visitors.

A Croft Filters 
Louise Geekie displayed new 
designs for inline filters by AM.

B EOS 
Stuart Jackson with a racing car 
component in Aluminium alloy 
made by SLS.

C TLM laser 
Tony Dain showed off a new 
mobile laser welding unit.

D Cirrus Laser 
Dave Connaway offered a wide 
range of laser cut components.

E TEC Systems 
Video footage showed a range 
of bespoke systems in action.

F MSS Lasers 
Neil Jackson offered a wide 
range of laser cutting machines.

G Aptia Solutions 
Rob Hellier and Glenn Whitwell 
offered a wide range of nesting 
and quoting solutions.

H II-VI 
Andy Waterhouse displayed a 
replacement for a Trumpf lens.

I Laser Physics 
Peter Bennett with a wide range 
of safety curtains and eyewear.

J Alexander Binze 
Ekkehard Thannheuser with the 
ALO3 laser processing system.

K Laser Process 
(l) Derek Payne and Joey Moore 
offered laser processing services

L iP Laser 
Peter Olie demos online web 
based quotations and estimates

M Lasermet 
Phil Jones enters the impressive 
laser castle.

N BOC Gases 
Matt Onions showed a wide 
range of gas delivery solutions.

O ALT 
Roger Hardacre showed a range 
of laser clad components.

P Laser Lines 
Jonny Green with the Datalogic 
Arex 20 laser marker.

Q Coherent 
Roy Harris showcased new 
direct diode and fibre lasers.

R Cranfield University 
Filomeno Martina displayed 
rapid turbine blade manufacture.

S CTR Future 
Luke Pritchett outlined a selec-
tion of British laser machines.

AILU events 
July 2014
8 Innovations for economical 

growth: The UK uptake of 
Laser Materials Processing 
MTC, Coventry

September 2014
17 Laser processing for micro 

and nano-scale manufactur-
ing: technological and appli-
cation advances 
University of Birmingham 
(see programme on inside back cover)

AILU-supported events
July 2014
1 Industrial Laser Processing 

Conference (JNPLI) (1 - 3) 
Bordeaux, France

September 2014
24 MICRONORA 2014 (23 -26)

Besançon, France

October 2014
19 The International Congress 

on Applications of Lasers & 
Electro-Optics (ICALEO) (19 - 
23) 
San Diego, CA, USA

Full information on events can be 
found at www.ailu.org.uk/events

S
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As I hope the photo review of AILU 
at MACH 2014 has conveyed, there 
was a lot of laser interest at the show. 
BLM Adige and Yamazaki Mazak 
(AILU's newest member) both had a 
strong presence at the show; so too 
did Coherent, EOS, Laser Lines, CTR 
Futures and TLM Laser; not to mention 
the many other AILU-member stands 
within or bordering the AILU pavilion. 

On the other hand, with so much politi-
cal support for UK manufacturing, the 
undeniable growth in business confi-
dence in the country and the record 
laser machine sales reported last year, 
one might have expected all the lead-
ing players on the LMP scene to have 
a presence at the UK's premier biennial 
manufacturing event. Certainly their 
absence did nothing to support the 
upbeat 'Design for Laser Manufacture' 
message that we were putting out on 
the AILU stand. 

I hear much criticism of the NEC, 
mainly that it is too expensive; and 
there seems to be a growing liking 
for the informality, lower cost and 
shorter duration of such shows as 
Southern Manufacturing and Northern 
Manufacturing. However, I don't think 
the comparison is fair. Perhaps the big-
gest losers at MACH were the college 
students who come to see large scale 
laser processing in action.

The Association news on page 1 of this 
issue includes an update on the UK 
LMP road-mapping initiative. I can only 
hope that this marks the start of a more 
focused approach by the laser com-
munity; so that by the time MACH 2016 
comes around we will have a clearer 
collective strategy on how best to use 
the show to get the laser message out.

Mike Green, Editor 
mike@ailu.org.uk 
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Great show, but why were so 
many star players missing? 
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did nothing 
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that we were 
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AILU Workshop
Laser processing for micro and nano-scale manufacturing: 

technological and application advances
17th September 2014

Mechanical and Civil Engineering Building, University of Birmingham 
This workshop, organised by the Micro:Nano Special Interest Group, will bring together industrial 
users, suppliers and researchers in new laser technology to highlight the latest innovations in 
micro and nano-scale laser processing and the opportunities that they create. The workshop will 
be chaired by Jack Gabzdyl of SPI Lasers.

Programme
Laser modification of carbon nanotube based wire for enhanced electrical properties  
Prof W O'Neill University of Cambridge

High power ultrashort laser processing with innovative opticals systems 
Dr Arnold Gilner Fraunhofer Institute fur Lasertechnik, Germany

Laser micro processing for industrial applications:  
Some successful examples and on-going R&D projects  
Jose Ramos de Campos Lasea, Belgium

Using lasers for a modern Assay Office  
Will Evans Assay Office

Laser manufacturing - shortening the time to market for micro-products 
Nadeem Rizvi Laser Micromachining Ltd

Machining with ps-lasers and seeder burst - why ps-laser pulses add value  
Roy Harris Coherent UK

Laser micro processing modules: component technology in high throughput  
manufacturing platforms  
Pavel Penchev University of Birmingham

Multi-scale characterisation of laser textured surfaces  
Richard Leach National Physics Laboratory

Nano-materials & micro-laser processes for the manufacture of large area and  
flexible electronics  
Phil Rumsby M-Solv

New opportunities for nano and micro laser processes  
Duncan Hand Heriot-Watt University

Title TBC 
Gerrand O'Connor NUI Galway, Ireland

ILAS 2015
www.ilas2015.co.uk

1st Call for 
abstracts
Abstract submission deadline
30th September 2014 Industrial Laser Applications Symposium 
The UK’s big biennial event on the technology and 
applications of Laser Materials Processing

17th & 18th March 2015

Chesford Grange Hotel, Kenilworth

Laser Materials Process themes LMP Business sessions

Laser sources developments

Laser optics and beam delivery

Laser systems integration and 
safety

Additive layer manufacturing

Micro-processing technology

Welding,  cladding & hardening  

Cutting and drilling

Precision fabrication

Laser cleaning and surface 
deposition

Surface marking and engraving

Functionalisation of surfaces

Roadmapping and market 
forecasts 

High value manufacturing catapult 
and the EPSRC centres

Reports of on-going and 
completed LMP-related projects 

Funding agency reports

Keep up to date with developments at: http://www.ilas2015.co.uk/
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