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Laser sintering of dental crowns
A thin layer of powder is applied to the building platform. 
A powerful laser beam fuses the powder at points defined 
by the computer-generated component design data. The 
platform is then lowered and another layer of powder is 
applied. Again the material is fused to bond with the layer 
below at the predefined points. The process is repeated until 
the part is complete.
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PRESIDENT’S MESSAGE
Welcome all to Issue 80 of “The Laser 
User”. It is spring so as you might expect 
there is blossom on the trees and the lambs 
are playing in the fields, but as I write, it 
is actually snowing! So, true to form, our 
weather is being its usual uncertain self. In 
fact one thing for certain is that the weather 
will be uncertain. 

I don’t know about you but it feels to me like 
the level of uncertainty in general is rising and 
at a rapid rate. Whenever I think about that 
date “23rd June” the words “in out, in out 
shake it all about…”drift through my mind. 
The not knowing what will happen if we stay 
or if we go (another cue for a song) brings 
the uncertainty levels to a new high. 

I suppose things have always been uncertain 
(well at least since that fellow Heisenberg 
made a whole principle out of it) but there 
seems to be new nervousness about in the 
air. As we all know uncertainty is bad for 
business, really bad. So there is even more 

reason why we should talk with each other, 
help to support each other and generate a 
critical mass such that when we are hit by 
uncertainty waves we have a good, sound 
structure. 

That is where AILU comes in – by providing 
the opportunities for discussion, knowledge 
exchange and being a voice for our industry 
so that we can rise above the uncertainty 
levels. So no matter what the result, come 
24th June AILU will be here for all of its 
members – of that you can be certain. 

Ric Allott 

ric.allott@stfc.ac.uk

 

FIRST WORD
During the past few weeks I have had four 
or five conversations with different people of 
a forward-looking nature – perhaps inspired 
by the National Strategy Group workshop 
in early March. Whether you are educating 
the engineers of the future, designing 
cutting edge products or choosing how 
best to configure your Job Shop to meet the 
challenges of the next decade, innovation and 
change seem to be high on the list of priorities.

The UK has a history of innovation, research 
and academic excellence. Did you know that 
the UK has more nobel laureates than any 
other nation except USA? In terms of scientif-
ic nobel prizes, the UK has almost 20% of the 
nobel prizes awarded. Perhaps, partly for the 
same reason, the UK achieves an excellent 
slice of the EU research funding available, 
something which makes the scientific and 
engineering academics more pro-EU than 
pro-Brexit in the up-coming referendum.   

In my career so far, I have seen electronics, 
computers, lasers and automation develop 
beyond what I could have imagined as a 
student in the early 1980s. I wonder what 
changes the students of today will see during 
their careers. The astounding growth of 3D 
printing, 3D CAD, Artificial Intelligence and 
techniques like haptics and Virtual Reality will 
allow the designers of the future to go from an 
idea to a product with fewer steps and lower 
costs – read the article by Alex Berry in this 
issue for examples! 

Coming soon, we have a new-style, half-day 
breakfast workshop in Birkenhead on 22 
June – aiming to educate, inform and inspire 
the maritime industry about what lasers can 
do. Then in September we have our next 
Micro:Nano workshop and in October the 
Job Shop Annual Meeting is being planned 
(more news to follow). We are also looking 
to firm up the content of ILAS 2017 – book-
mark ilas2017.co.uk for details over the next 
months. If you are keen on golf, there are 
some excellent golf courses at Belton Woods 
Hotel – so keep 22-23 March 2017 free in 
your diary!

Dave MacLellan

AILU Executive Director
dave@ailu.org.uk 
07473 121142

ASSOCIATION NEWS

SHARP COMMENT
In June, AILU is holding a morning workshop 
in collaboration with Mersey Maritime to look at 
potential laser applications in the maritime sector. 
It’s an opportunity to take stock of developments 
in the last decade or so and see how these 
may help the marine industry take up more laser 
materials processing. Please make the effort to 
come along and join in this discussion. 

The maritime sector is a difficult sector to work 
with, yet offers many challenges that suggest 
laser solutions. It is a sector that builds to 
orders, so has fluctuating workloads and few 
repetitive parts/processes. Indeed, as I write 
Cammell Laird is having to consider a temporary 
reduction in employment levels as it waits to 
begin the building of the NERC polar research 
vessel, and strives to secure more contracts. But 
this is also seen as a blip in an otherwise exciting 
period of growth in the Liverpool City Region 
maritime sector.

I have witnessed some of the trials and 
tribulations of ship building and repair. The 
Lairdside Laser Engineering Centre is based 
across the road from Cammell Laird, as is the 
Maritime Knowledge Hub next door to the laser 
centre. In the first couple of years at the turn 
of the century, there was a buzz of excitement 
around the shipyard. With mutual visits there was 
strong interest in what we could do with lasers 
in support of the shipyard. But then along came 
trouble. There was a problem with a cruise liner 
modification being cancelled. And then on the 
day that Stephen Byers, minister for Trade and 
Industry, came to officially open the laser centre 
and the then LJMU Maritime Centre next door, 
the greatly anticipated order for two ferries for the 
navy failed to arrive, disappearing to Harland and 
Wolf (as Tony Blair visited Belfast) and to Germany. 

This stopped the yard dead. Several years of 
changing ownership, and even attempts to 
remove all traces of shipbuilding from the site 
kept the yard closed. Meanwhile Cammell Laird 
were regrouping and rebuilding ship repair 
business elsewhere in Birkenhead, eventually 
returning to the original site, successfully refitting 
Royal Fleet Auxiliary ships, and building large 
sections of the Royal Navy’s new aircraft carriers. 

Can lasers find a place in this renewal? We 
now have 20 kW fibre lasers for welding and 
cladding, kW class nS (or shorter) pulsed lasers 
that might allow for viable surface treatment 
applications, and surely a role for additive 
manufacturing. Now is a good time to once 
again explore these opportunities and look for 
ways to take these applications forward. 

There will be an opportunity to for a limited 
number of attendees to visit Cammell Laird 
following the workshop in June; the physical 
size of bespoke manufacturing in a shipyard is 
impressive. For those unfortunate to miss this 
tour, there will be a chance to look at the ship 
simulator. In all my time at Lairdside, I never 
once got to see this. But found the opportunity 
to go on a ship simulator in Cork, at an AILU 
Medical sector event in 2008. There I discovered 
that I would start to feel sea sick in a hurricane 
in Sydney Harbour at night with thunder and 
lightning. Even though the floor was not moving 
at all.

Martin Sharp
m.sharp@ljmu.ac.uk
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EVENT REVIEWS

Dr Didier Boisellier gave a most interesting talk on a 
series of research lines he has directed in his role at 
IREPA France. The audience will have noted how 
IREPA has fostered innovation and given rise to a 
number of spin out commercial activities.

The day was concluded with an inspirational 
talk from Alex Berry of Sutrue and Mr Richard 
Trimlett, a consultant surgeon at the Royal 
Brompton Hospital, London. Mr Trimlett reported 
that surgery was not so different from tinkering 
with his MkII LWB Land Rover and his interest in 
engineering has helped him to innovate in surgical 
practice. In some ways this talk summed up 
nicely how AM practitioners should be working in 
terms of reaching out and applying the technology 
in areas where it is desperately needed.

After the formal end to the workshop many 
delegates took the opportunity to tour the 
Welding Engineering and Laser Processing 
Centre at Cranfield University.

Adam Clare 
adam.clare@nottingham.ac.uk

Four articles from the AM workshop can be found 
from page 20 in this magazine.

WORKSHOP REVIEW

Additive Manufacturing

22 March 2016, Cranfield University

Back in March I had the pleasure of inviting 83 
delegates from all over the world to discuss the 
hot topic of lasers in Additive Manufacturing (AM). 
The laser remains the tool of choice for AM and 
repair of metal parts, but robust manufacturing 
solutions still require fundamental research.

The UK research community was of course 
well represented with key researchers from 
the universities of Cranfield, Birmingham City, 
Heriot-Watt, and from TWI all playing their part. 
The audience was treated to an insight into 
the health of AM research in the UK and the 
research themes which are being tackled. I 
expect end-users in the audience were pleased 
to see that the ‘research pipeline’ in the UK is in 
fine fettle.  

A highlight of the morning session was the 
keynote speech made by Prof Kyogoku of Kinki 
University (now renamed Kindai University), who 

Event speakers (left to right): Andrew Moore (Heriot-Watt University), Stephan Collmer (TRUMPF), Maurice Ducos (non-presenter), Wojciech Suder (Cranfield University), 
Ravi Aswathanarayanaswamy (Renishaw), Paul Goodwin (TWI), Adam Clare (University of Nottingham), Peter-Jon Solomon (Hybrid Manufacturing Technology), Hideki 
Kyogoku (Kindai University, Japan), Thierry Souillart (BeAM) , Jonathan Frechard (BeAM), Frank Cooper (Birmingham City University), Alex Berry (Sutrue). Speakers not 
pictured: Moataz Attallah (University of Birmingham), Stuart Jackson (EOS Technology), Richard Trimlett (Royal Brompton Hospital), Didier Boissellier (IREPA)

gave us an excellent introduction to the AM 
community in Japan.  Working with Japanese 
Universities, several large machine tool makers 
in Japan have formed a consortium which aims 
to produce a full suite of AM systems. There is 
a lesson here for how funding of manufacturing 
technology in the UK could be targeted through 
grand challenges formed under University and 
Industrial collaboration. 

Machinery suppliers TRUMPF, EOS, Renishaw 
and BeAM gave us a taster of their latest systems 
and we also had some great input from Hybrid 
Manufacturing Technology about hybrid systems 
for adding and subtracting on the same machine.

Following a good lunch and the opportunity to 
tour the exhibition, delegates returned to the 
lecture theatre to allow industrial colleagues to 
present their activities and new offerings.Professor Kyogoku in discussion with Stuart 

Jackson of EOS

Delegates taking advantage of networking time

Exhibition area 
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AILU NEWS AND MEMBER BUSINESS

LASER MECHANISMS 
ACQUIRES VISOTEK
Laser Mechanisms recently announced that it 
has acquired Michigan-based Visotek, a provider 
of Smart Laser Tools™ that simplify the use of 
lasers in any environment. The acquisition is 
expected to complement Laser Mechanisms’ 
core business of providing industry-leading laser 
beam delivery solutions. Visotek will continue to 
operate as an independent entity in support of 
their existing customer base.

Contact: Arvi Ramaswami  
arvi@lasermech.be
www.lasermech.com 

MO NAEEM INCREASES 
RESPONSIBILITIES 
Prima Power 
Laserdyne announc-
es organisational 
changes to support 
its growing global 
customer base. 
Dr. Mohammed 
Naeem, Senior 
Manager, Business 
Development, 
has assumed responsibility for Applications 
Engineering for Prima Power Laserdyne. Mo is 
a long-time supporter of AILU; see his article on 
Smart Techniques in materials processing on 
page 14. 

Contact: Mohammed Naeem
mohammed.naeem@primapower.com
www.primapower.com  

OBITUARY

DR MAURICE GATES MBE
All at AILU were 
saddened to hear 
of the death of 
one of our founder 
members, Dr 
Maurice Gates, 
who died on Easter 
Monday, 28 March 
2016. Maurice, 
whose AILU 
membership number 
was 001, was always 
a great supporter of the Association. He served 
on the committee for many years and in 1999 
was awarded the prestigious AILU Prize, 
which recognises an individual who has made 
an outstanding lifetime contribution to the 
industrial use of lasers in the UK.

Maurice was founder of the Lincoln-based 
laser cutting specilaist Micrometric Limited, and 
was a pioneer in the development of applied 
laser technology used in industry. “We can 
produce anything from watch to tractor parts” 
he used to say and Micrometric pulled out all 
the stops to solve the design and production 
of components whether intricate or simple, in 
the fastest turnaround possible. He introduced 
lasers in the more technically demanding areas 
of fine part manufacture, prototype production 
and tooling. 

Maurice was awarded the MBE in 1987 for his 
services to industry and to applied technology, 
and in the same year received the Lincoln 
Civic Award, awarded to an individual or an 
organisation who has bought credit to the City 
of Lincoln. 

Maurice’s contributions to laser technology 
and industry in Lincoln, the UK and Europe 
have been considerable and will have lasting 
beneficial consequences in the years to come.

With thanks to Paul Croft and Neil Main of 
Micrometric for their contribution.

BUSINESS

COHERENT TO PURCHASE 
ROFIN FOR $940 MILLION
Coherent, Inc. and ROFIN-SINAR Technologies 
announced that their Boards of Directors have 
unanimously approved a definitive agreement 
under which Coherent will acquire ROFIN for 
$32.50 per share. 

“This transaction is aligned with our strategy 
of increasing our scale and pursuing accretive 
growth opportunities,” said John Ambroseo, 
Coherent’s President and Chief Executive Officer. 
“The combination of Coherent and ROFIN 
represents a unique opportunity to strengthen 
Coherent’s position in materials processing.”

Thomas Merk, ROFIN’s President and Chief 
Executive Officer said, “Coherent and ROFIN 
are highly complementary both technologically 
and geographically. Together, we will significantly 
increase the value we can bring to our 
customers by creating a better-positioned, highly 
diversified company.” 

ROFIN DELIVERS 1000TH 
FIBRE LASER

The last laser to leave the ROFIN Hamburg 
production site before Christmas 2015 was a 
real jubilee laser. After delivery of the first fibre 
laser in 2009, the 1000th laser was delivered 
to the Ravensburg machine builder Arnold. The 
laser was shipped in February 2016 together 
with a newly-developed 3D laser processing 
system to the Fraunhofer Institute in Dresden, 
Germany. At Fraunhofer IWS the laser is now 
used in a research project where extremely thin 
wires are deposit-welded with the laser and 
filigree structures are brought to a cylinder. They 
are then modified by laser. The structures will be 
used as a tool in printing machines.

Contact: Andrew May 
a.may@rofin-baasel.co.uk 
www.rofin.co.uk

CONCEPT LASER’S 
BUSINESS SUCCESS
Concept Laser remains on a successful track. The 
machinery and plant manufacturer from Lichtenfels 
in Germany once again significantly increased 
sales, the number of manufactured machines and 
the number of employees in 2015. The increase in 
sales compared to the previous year was 54% and 
161 machines were ordered in 2015. This equates 
to a growth in volume of 46% compared to the 
previous year. By the end of 2015, more than 
550 laser melting machines had been installed by 
Concept Laser around the world. 

Contact: Ray Neal 
r.neal@estechnology.co.uk 
www.estechnology.co.uk

JENOPTIK AND RAYLASE 
COOPERATE IN CHINA
JENOPTIK (Shanghai) Precision Instrument and 
Equipment and RAYLASE Laser Technology 
(Shenzhen) have agreed on a close cooperation in 
the field of scanner-based, ultra-short pulse laser 
applications exclusively in China. This cooperation 
strategically aims at meeting the increasing 
demand for system solutions and application-
based developments in the Chinese market.

Contact: Andreas Draeger
Andreas.Draeger@jenoptik.com
www.jenoptik.com

MEMBERS ON THE MOVE

PUREX has moved into a new purpose 
built headquarters in Doncaster: QWP House, 
Capitol Park, Thorne, Doncaster, South 
Yorkshire, DN8 5TX, UK.

Contact: Jon Young
jon.young@purex.co.uk 
www.purex.co.uk

THINKLASER has moved to new 
premises in Redhill, Surrey: Unit 3, Perrywood 
Business Park, Honeycrock Lane, Redhill, Surrey 
RH1 5DZ, UK.

Contact: Adrian Norton
adrian@thinklaser.com 
www.thinklaser.com
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 BUSINESS AND SOURCES 

COHERENT CELEBRATES 
GOLDEN ANNIVERSARY
This year marks the 50th anniversary of the 
founding of Coherent, Inc., which has grown 
from a Palo Alto laundry room start-up to 
become a world leader in laser technology.  

“Over our company’s 50 year history, we’ve seen 
the laser mature from a ‘solution in search of 
a problem’ to a widely used tool, employed in 
areas as diverse as microelectronics fabrication, 
biomedicine, scientific research, and heavy 
industry,” notes Coherent CEO John Ambroseo.  
“Across all these disciplines, there is a common 
drive to increase productivity and the quality of 
results, while simultaneously enabling even more 
technological advances.”

Contact: Petra Wallenta 
petra.wallenta@coherent.com 
www.coherent.com

JENOPTIK CELEBRATES 
SILVER ANNIVERSARY 
For 25 years, Jenoptik has been supplying 
worldwide markets with optical, optoelectronic 
and laser solutions. Optical technologies 
are the very basis of its business and 
customers primarily include companies in the 
semiconductor equipment, automotive and 
automotive supplier, medical technology, defence 
and security as well as the aviation industries.

Contact: Andreas Draeger
Andreas.Draeger@jenoptik.com
www.jenoptik.com

 

QUEEN’S AWARD 
WINNERS

OPTEK SYSTEMS
OpTek Systems, based in Abingdon, 
Oxfordshire, is a global supplier of precision 
laser micromachining equipment and services, 
providing solutions across a wide range of 
applications and industrial sectors.

OpTek Systems’ domination of the market for 
laser termination of optical fibers for telecom 
and datacom applications has helped to fuel 
the growth that has been recognised with a 
second Queen’s Award for Enterprise in 
International Trade.

Contact: Gideon Foster-Turner 
Gideon.Foster-Turner@
opteksystems.com 
www. opteksystems.com

WINBRO
Winbro Group Technologies have announce the 
receipt of the Queen’s Award for Enterprise 
in Innovation, for the development of their 
HSA5 laser ablation system.

The HSA5 is the world’s first “Art – Part” 
solution, integrating: post processing, ablation 
and inspection technologies within a single 
machine platform for the manufacture of 
complex shapes in Turbine components. This 
is the second Queen’s Award received by the 
company.

Contact: Richard Baxter 
rbaxter@winbrogroup.com 
www. winbrogroup.com

RAYLASE RECEIVE EPIC 
PHOENIX AWARD 2016 
RAYLASE, producer of components, 
submodules and software, was presented with 
the EPIC Phoenix Award in April. The award 
is “a symbol of the challenging realities that 
entrepreneurs face and the journey that this 
entails” said Kurt Weingarten member of the 
board of directors of EPIC. 

Contact: Harnesh Singh 
H.Singh@raylase.de 
www.raylase.com

Peter von Jan (RAYLASE CEO), left, and 
colleagues receive the EPIC Phoenix Award

SUCCESSFUL OPEN 
HOUSE FOR TRUMPF 
TRUMPF’s latest Open House demonstrated 
more technologies and machines than ever 
before and marked the UK launch of the 
TruLaser 5030 fibre with TruDisk 8001, the first 
2D laser machine to provide 8 kW of solid-state 
laser power. 

Visitor numbers exceeded 200 across the 
three days and the majority attended a special 
presentation on 2D laser machine functions, 
designed to help manufacturers work smarter, 
more flexibly and more productively.  

Contact: Gerry Jones 
gerry.jones@uk.trumpf.com
www.uk.trumpf.com

Samples on display at the Open Day

SOURCES

SPECTRA-PHYSICS 
UNVEILS NEW LASERS
Spectra-Physics® has introduced four new lasers:

• femtoTrain™ 1040-5, a compact, fixed 
wavelength, femtosecond laser that deliver 
high energies and peak powers, making it 
an ideal source for medical and bio-imaging 
applications, including optogenetics for 
photoactivation.

• Spirit HE, a new line of high energy, 
versatile industrial femtosecond lasers that 
gives fast micromachining of a wide range 
of materials without unwanted heat damage 
to the processed part. Spirit HE is ideal 
for microelectronics, clean energy, medical 
devices, automotive, and other industrial 
manufacturing applications.

• Spirit One™ 1040-8, a compact, industrial 
femtosecond laser that combines power 
supply and laser head in a single rugged 
and compact package. It is ideal for 
demanding, high precision applications 
including microsurgery, femtosecond 
micromachining, and medical device 
manufacturing. 

• Quasar 532-95, a new high power, high 
energy green wavelength addition to its 
Quasar family of hybrid fibre lasers. It is 
ideal for applications in high throughput 
manufacturing of electronic packages, 
ceramics, PC boards, semiconductors, 
photovoltaics, and lithium-ion batteries. 

Contact: Jon Richardson 
jon.richardson@newport.com 
www.newport.com
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SOURCES

NEW 100 W LASER FROM 
AMPLITUDE SYSTÈMES
Amplitude Systèmes exhibited the new Tangor, 
the world’s first industrial 100 W femtosecond 
laser, at Photonics West 2016. Offering 
exceptional flexibility, high repetition rates and 
high pulse energies, this platform is designed 
to meet industrial requirements including 
24/7 operation, high yield and ultra precision 
manufacturing.

Contact: Vincent Rouffiange
vrouffiange@amplitude-systemes.com 
www. amplitude-systemes.com

ELUXI SUPPLIES LOW 
PHASE NOISE LASER
ELUXI partner, LN Solutions, provides 
the LN Focus, a laser designed for harsh 
environments and field based optical sensing 
applications such as oil and gas field sensing, 
security and monitoring, civil engineering 
and LIDAR. The LN Focus is available as an 
ultrastable low noise, narrow linewidth, low 
RIN laser with various power options. Unlike 
other DFB lasers the LN Focus provides 
linewidths below 500 Hz and phase noise 
levels of 1.0 uRadsrtHz/m at 100 Hz.

Contact: Riccardo Tomassoni 
enquiries@eluxi.co.uk 
www.eluxi.co.uk

COHERENT OFFERS GREEN 
NANOSECOND LASERS
Coherent has expanded it’s AVIA family of 
lasers with new models having green output, 
and which offer an unmatched combination of 
power, reliability and compact size for a range of 
precision materials processing applications. 

The enhanced performance and reduced 
footprint has been accomplished through an 
advanced, high efficiency optical pumping 
approach, as well as by employing the latest 
microelectronics miniaturisation technology.

AVIA NX lasers are ideal for a wide range of 
precision processing tasks in microelectronics 
and solar cell manufacturing. These include 
cutting and drilling of thin foils and flex materials, 
silicon micromachining, 3D chip package 
manufacturing, IC package trimming, ink jet 
nozzle drilling and solar cell scribing and drilling.

Contact: Roy Harris 
roy.harris@coherent.com 
www.coherent.com

JENOPTIK EXHIBITS NEW 
FEMTOSECOND LASER 
Jenoptik introduced a 16 W version as the 
new top model of its established JenLas® 
femto series for industrial micro-machining, 
and exhibited various products and solutions 
for semiconductor, life science and industrial 
applications at SPIE Photonics West 2016. The 
performance of this femtosecond laser is ideal 
for drilling injection nozzles

Contact: Andreas Draeger
Andreas.Draeger@jenoptik.com
www.jenoptik.com

NITTO FIBERGUARD
Nitto Europe has launched a new 
generation of process tapes, the 
Fiberguard series. 

Fiberguard is a surface protection 
tape that protects stainless steel 
surfaces during both CO2 and fi ber 
laser cutting processes. Fiberguard 
combines a white printed PE carrier 
with a release layer and pressure 
sensitive modifi ed rubber-based 
adhesive. It has been especially 
designed to ensure that no pre-
cutting is required, thereby saving 
users vital production time.

The white knight 
is the standard 
in stainless 
steel protection.

users vital production time.

For more information, contact 
our preferred distributor PTL

Staffordshire, United Kingdom
Tel +44-1782-833560
info@protective-tapes.co.uk

Nitto_Fiberguard_ad_A5_english_126,7x189.indd   1 07/07/15   15:47
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ANCILLARY EQUIPMENT 

NEWPORT INTRODUCES 
OPTICAL DELAY LINE KITS 
Newport’s DL-Series of Delay Line Kits provides 
scientists and researchers with all the necessary 
components to build a complete optical delay 
line. These pre-selected Delay Line Kits are a 
convenient and economic solution for a wide 
range of applications where the delay between 
two or more light pulses needs to be varied by 
increments in the femtosecond or nanosecond 
regime. 

Newport’s DL300 and DL600 Optical Delay Line 
Kits are designed for advanced experiments 
requiring up to 8000 ps delays and can 
operate in dual pass configuration for additional 
performance and flexibility.

Contact: Jon Richardson 
jon.richardson@newport.com 
www.newport.com

NEW PRODUCTS FROM 
HAMAMATSU 
Hamamatsu Photonics introduces the latest 
development in infrared detector technology with 
the P13243 detectors (top image). These InAsSb 
(Indium Arsenide Antimonite) sensors are an eco-
friendly alternative to lead salt detectors while still 
maintaining a competitive sensitivity. 

A new S11637 and S12198 series of CMOS 
linear image sensors features electronic shutter 
and gain switching functionalities (image below).

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

OPTICAL MEASUREMENT 
FROM PRIMA POWER   
Prima Power Laserdyne announces OFC2 
ABSOLUTE™ precision measurement for 
laser processing which provides absolute 
measurement of metal and non-metal surfaces, 
extending the range of precision available from 
these systems. 

The location of reference features (for example, 
edges, corners, holes) on real-world workpieces 
can be precisely detected with a generous 
stand-off between the laser processing head and 
workpiece.

The new technology, based on laser distance 
measurement technology, provides greater 
precision (better than 25 µm) and longer working 
range (more than 100 mm) independent of 
processing lens focal length.

Contact: Daniel McGinty 
daniel.mcginty@primapower.com
www.primapower.com 

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

With supply solutions ranging from bulk liquid through to on-site  
nitrogen generators, including a range of specialist gas equipment, 
BOC can offer an impartial view of the most appropriate supply 
solution to suit your needs.

Talk to someone about your gas requirements or to request your free 
LASERLINE® technical cutting, welding or additive manufacturing 
brochure, call BOC on 0800 111 333 or visit 

www.BOConline.co.uk/laserline 
www.BOConline.co.uk/additivemanufacturing

LASERLINE®
Leading in laser and additive manufacturing 
gas supply solutions

Download our Laserline 

and additive manufacturing brochures
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SAFETY, SOFTWARE, POSITIONING

  

01202 770740
sales@lasermet.com www.lasermet.com

For ALL your laser safety needs
British Designers, Manufacturers and Installers of Laser Safety Equipment and Systems

Compliant Laser Warning Labels
and Eyewear -

Buy online at lasermet.com

Laser Safety Cabins Testing

Interlocks Services
Testing and
Training

Laser Hazard
Analysis

Risk Assessment

FDA/CDRH
Registration

LASER CASTLE

2682

Curtains

Roller Blinds

Shutters

Screens

Software

Identify and calculate
• Hazard Levels

• Class of Laser...
to EN60825, CDRH, Z136

Download Free Demo

Accredited Laser
Testing, and
LED Testing

Book Now for
Training

Next Laser Safety
Workshop at the NPL is

on 29th Sept 2016

LS-20SIL-24
Certified to ISO 13849-1
Performance Level ‘e’

VISIT US AT

LASYS

Stuttgart

Stand 4C18

31 May-2 Jun

EUROBLECH

Hanover

Hall 1
2, 

Stand H26

25-29 Oct

FABTECH

Las Vegas

Booth

N1126

16-18 Nov

Lasermet_AILU_AdMay2016_190x125mm.qx8_(v)  04/05/2016  13:19  Page 1

AEROTECH HEXAPOD FOR 
POSITIONING ACCURACY  
Aerotech’s HexGen™ hexapods represent a 
significant advance in six-degree-of-freedom 
positioning performance. The HEX500-350HL 
high-load, precision hexapod is ideal for 
applications in x-ray diffraction, sensor testing, 
and high-force device manipulation.

With its high-load capacity, large travels, high 
speeds, and sub-micrometer precision, the 
HEX500-350HL means no compromising on 
application specifications. This model is the only 
hexapod on the market today that provides 
guaranteed positioning accuracy specifications.

Contact: Derrick Jepson 
djepson@newport.com 
www.aerotech.com

PRIMA POWER SOFTWARE 
SIMPLIFIES MACHINING  
Prima Power Laserdyne’s ShapeSoft™ feature 
simplifies the creation of programs for producing 
cone, oblique cone, fan, racetrack and a variety 
of shaped holes in a wide range of turbine 
engine components including blades, nozzle 
guide vanes, and combustors for aero-engine 
and industrial gas turbine applications.   

ShapeSoft™ is one of many ongoing significant 
advancements to Prima Power Laserdyne’s 
multi-axis fibre laser systems. It gives product 
designers confidence that new designs using the 
process are more robust. 

Contact: Daniel McGinty 
daniel.mcginty@primapower.com
www.primapower.com 

LASER COMPONENTS 
OFFERS LASER SAFETY 
Laser Components specialises in the 
development, manufacture, and sale of 
components and services in the laser and 
optoelectronics industry, supplying a wide range 
of products including beam dumps and laser 
safety barriers. A range of beam dumps suitable 
for different power levels are available utilising a 
dual cone design, coupled with a special non-
reflective coating, designed to eliminate back 
reflection. 

Laser Components also works with Kentek® to 
provide a range of portable laser safety barriers.  
New to this line are the 5M collapsible barriers, 
for laser protection rated at 100W/cm2 and 
250W/cm2 respectively for 100s.  

Contact: Kay Cable 
info@lasercomponents.co.uk 
www.lasercomponents.co.uk 
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The Standard in High-Performance Linear Motion Just Got Better
Aerotech’s new and improved PRO-Series stages

• Performance specifications 
improved by as much as 98%

• New linear-motor stage sizes – 
PRO115LM and PRO190LM

• Linear motor stages now with an 
absolute encoder option

• Ball-screw stages now available 
with a linear encoder option

• Direct mounting to English or 
metric optical tables

Proven linear motor and ball-screw positioning stages now 
with new sizes, features, and improved performance. Call or 
email an Aerotech Applications Engineer today to discuss your 
requirements, or go to www.aerotech.co.uk to request a quote.

Ph: +44 (0)1256 855055  • Email: sales@aerotech.co.uk • www.aerotech.co.uk
WORLD HEADQUARTERS: USA 

THE AMERICAS  •  EUROPE & MIDDLE EAST  •  ASIA-PACIFIC

Dedicated to the  
Science of Motion

AH0216B-RAD-LTD

AH0416A-RAD-LTD-PRO Series-Gen 2-126x190.indd   1 5/2/2016   4:51:59 PM

SYSTEMS

ROFIN’S STARFIBER P FOR 
MATERIALS PROCESSING
Featuring pulse widths of up to 50 ms, the 
StarFiber P series is a feasible choice for 
numerous well-established material processing 
applications that utilise traditional lamp-pumped, 
pulsed Nd:YAG laser sources. 

The StarFiber P provides pulse durations up to 
50 ms and features fast pulse modulation for 
pulse forming. Optimised pulse shaping enables 
better beam coupling and helps to achieve 
significantly improved welding quality with metals 
or metal combinations which are difficult to join.

Contact: Andrew May 
a.may@rofin-baasel.co.uk 
www.rofin.co.uk 

SURFACE TEXTURING 
WITH LASERDYNE SYSTEM
Laser surface texturing with a LASERDYNE 
system is effectively another type of laser drilling 
process that involves producing “blind”, or 
partial depth, holes and indentations from a 
few micrometers to a few tenths of millimeter in 
depth. 

This process is currently used to form precise 
and detailed textures on the surface of metals. 
For this reason, the use of lasers for texturing is 
rapidly growing in automotive, medical device 
and mold-making industries, just to name a few. 
In many of these new applications, the laser 
surface texturing process is becoming an integral 
part of the product design process.

Contact: Daniel McGinty 
daniel.mcginty@primapower.com
www.primapower.com  

TLM SUPPLIES MEDICAL 
MARKING SYSTEM
There are many suppliers of laser marking 
systems offering different solutions. However, 
only a few provide real turnkey and closed-
loop solutions. Manufactured by laser system 
specialist FOBA, and available in the UK and 
Ireland from TLM Laser, the Holistic Enhanced 
Laser Process (HELP) is a comprehensive 
process that offers tangible additional value. 
HELP is a three-stage closed-loop medical 
device marking process that ensures process 
reliability before and after laser marking and 
easing compliance with regulations. Parts are 
validated prior to marking, and only the correct 
mark will be applied in the correct position and 
only on the correct part.

Contact: Andy Toms 
andy@tlm-laser.com 
www.tlm-laser.com

Surgical scalpel holder marked using HELPBlind holes a few micrometers in diameter 
and depth

Cutting of sapphire for straight, curved, 
angled and chamfered contours
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ROFIN’S 25-YEAR 
PARTNERSHIP
Since the installation of their first laser welding 
systems 25 years ago, there has been a close 
partnership between Schoeller Werk, Hellenthal, 
Germany (international manufacturers of 
longitudinally-welded stainless steel tubes) and 
the Hamburg laser specialists from ROFIN. 
Schoeller Werk has recently installed the ROFIN 
6 kW DC 060 laser and latest Profile Welding 
System (PWS). The PWS is a complete laser 
welding system for tubes and profiles with 
integrated process sensors for gap recognition 
and seam tracking. 

With this, Schoeller Werk is pursuing the goal of 
storing all process parameters in a database to 
improve the reproducibility of the processes and 
simplify operation of the systems. In addition, 
seam inspection will be used downstream from 
the welding process, which will be analysed 
directly at the welding station with all process 
parameters.

Contact: Andrew May 
a.may@rofin-baasel.co.uk 
www.rofin.co.uk  

CASE STUDIES

EOS MACHINE SUPPORTS 
IMPLANT MANUFACTURE 
An adolescent girl has received novel, 3D-printed 
tracheal splints to treat a congenital breathing 
condition called tracheobronchomalasia. She 
joins four babies who previously underwent 
similar groundbreaking operations. All five 
patients continue to thrive, as their collapsed 
airways now function normally thanks to the 
surgical procedure.

The procedure was pioneered by Dr Glenn 
Green, a paediatric otolaryngologist and his 
surgical team from CS Mott Children’s Hospital, 
Ann Arbor, who joined forces with Dr Scott 
Hollister, professor of biomedical engineering and 
lead researcher at the University of Michigan.

Additive manufacturing expertise was provided 
on site by EOS, who helped the team in their 
laboratory, advising how best to prepare the 
material for production. While the company offers 
a wide variety of proprietary plastic and metal 
materials, the use of PCL was a first in this case. 

The university team uses patient data from 
MRI or CT scans to examine the defect to 
be repaired, then creates computer models 
of the anatomy. Engineers are able to use a 
CAD system to design splints with a highly 
compliant, porous structure of interconnected 
spaces that will slowly expand with the maturing 
airway. Finally, the splint is produced in the 
EOS FORMIGA P 100 system. After fabrication, 
researchers measure the splint dimensions and 
mechanically test them. 

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

Two of the University of Michigan’s ground-
breaking 3D-printed tracheal splints, made 
of polycaprolactone using EOS technology, 
on a model of a trachea.

LASERDYNE SYSTEM AIDS 
METAL FABRICATOR 
AGC AeroComposites Derby, a composites and 
metal structures manufacturer for the aerospace 
and defence industry, has acquired a large 
work envelope version of the high-accuracy 
LASERDYNE 795XL laser system from Prima 
Power Laserdyne. 

AGC Derby primarily works with high 
temperature alloy metals that are difficult to 
form and machine. The acquisition of the 
LASERDYNE system will allow AGC Derby to go 
beyond its present 38 processing capabilities, 
offering customers unparalleled quality and 
processing. AGC Derby is the first and only 
metal fabrication facility in the UK to possess this 
technology. 

Contact: Daniel McGinty 
daniel.mcginty@primapower.com
www.primapower.com  

AM COMPANY ORDERS 
CONCEPT LASER SYSTEMS
FKM Sintertechnik GmbH, based in western 
Germany, is a provider of additively manufactured 
products and has been an important pioneer in 
selective laser sintering (SLS) in Europe since 
1994. A new 700 m2 production hall is currently 
being built in Biedenkopf to meet the vigorously 
growing demand for additive products made 
of metal. The company has ordered several 
machines from Concept Laser in the medium 
and large build-chamber range. A new X line 
2000R from Concept Laser featuring the world’s 
largest build envelope for powder-bed-based 
laser melting with metals will be delivered to the 
company in 2016.

Contact: Ray Neal 
r.neal@estechnology.co.uk
www.estechnology.co.uk

TRUMPF 8 KW LASER 
SYSTEM SOLD IN UK
Preston-based laser cutting service supplier, AK 
Stainless Ltd, has acquired a TRUMPF TruLaser 
5040 fibre, the first solid-state laser machine with 
an 8 kW resonator in the UK. The company has 
25 employees and is currently enjoying a period 
of strong growth. One of the underlying reasons 
behind the company’s success is its planned 
programme of continuous investment in the 
latest CNC laser profiling technology. Last year, 
a TRUMPF TruLaser 5040 fibre joined a trio of 
TRUMPF TruLaser CO2 laser cutting machines. 
The company has now added a second TruLaser 
fibre, another 5040 model but with impressive 
8kW laser power.

Contact: Gerry Jones
gerry.jones@uk.trumpf.com
www.uk.trumpf.com
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ADDITIVE MANUFACTURING 

We are researching the process fundamentals 
of AM in order to address issues encountered 
in the production of reliable metal components, 
such as residual stresses, porosity and 
surface finish. We also conduct research on 
process improvements, including optimising 
parameter settings and increasing the speed of 
manufacture. Topics of particular interest in AM 
of metals include:

• lasers systems for melting and sintering, 
• process understanding and control,
• embedding fibre-optic sensors in 

components,
• combined additive and subtractive systems,
• laser polishing of components.

We have laboratory systems for powder-bed 
fusion, blown powder and wire AM of metals. 
These open-architecture systems enable us to 
incorporate, for example, new laser sources for 
melting the feedstock and instrumentation for 
process monitoring and control.

FOCUS ON RESEARCH

SURFACE PROCESSING

We are investigating laser texturing and 
modification of glass and metal surfaces. This 
includes texturing the surface of steel for high-
friction applications (for locking together large-
scale metal components e.g. in ship engines), 
laser polishing additively manufactured parts 
(e.g. dental implants), and the generation of 
security markings on glass and metals. Another 
application is the production of hard-to-replicate 
holograms which can be used as security 
markings for the identification and traceability 
of high-value metal components (e.g. engine 
parts or jewellery), and we are working with 
commercial partners to this end. The hologram 
pictured above contains a large number of very 
small and very shallow (<10µm wide and 200nm 
deep) optically-smooth craters arranged in an 
appropriate pattern to produce a diffractive 
image containing alphanumeric characters and 
simple images.

LASER MICROMACHINING

Ultrashort pulsed (ps, fs) lasers are often the 
only solution for high precision micromachining 
applications, in particular when cutting, drilling 
and milling brittle materials, such as glass and 
ceramic. Very short laser pulses of duration 
<10 ps enable the material surface to be ablated 
without introducing excessive heat that leads to 
the cracking problems commonly observed with 
longer pulsed lasers. We are currently developing 
laser micromachining processes for various 
types of glass, e.g. fused silica, borosilicate, thin 
flex glass. An example glass surface structure is 
shown in the figure above.

FIBRE DELIVERY

In collaboration with the University of Bath we 
are developing a range of Negative Curvature 
Fibres (NCF), for the delivery of high peak power 
pulses. To date we have demonstrated up to 
30 MW at 1030 nm wavelength. These use the 
Anti-Resonant Reflecting Optical Waveguide 
(ARROW) method. Essentially the thin core 
walls (thickness approaching the desired 
guidance wavelength) act as a Fabry-Perot 
cavity, where light transmitted through the walls 
destructively interferes with itself and thus light is 
constructively reflected back into the core (fibre 
core section pictured above). This guidance 
method results in a very low overlap between 
the core mode and glass, allowing guidance 
of extremely high peak power pulses while 
maintaining very low attenuation in the region of 
0.15dB/m. This opens a wide range of potential 
industrial applications where truly flexible delivery 
of intense pulses is desirable.

ULTRAFAST WELDING

Industrial manufacturing often requires the joining 
of two highly dissimilar materials (e.g. glass 
and metal). Traditional techniques (adhesives, 
frits or solders) typically result in issues with 
creep or outgassing as the interlayer cures 
or ages. Ultrafast laser welding provides a 
realistic alternative by direct bonding. The use 
of ultrashort pulses (ps or fs) limits the heat 
affected area to only a few hundred micrometres 
around the weld. This enables direct welding of 
materials with extreme differences in their thermal 
properties. Together with our industrial partners, 
we have been developing a robust and practical 
bonding technique; i.e. one that does not require 
significant surface pre-processing and produces 
a bond strength equal to, or in excess of that 
achievable by adhesives while allowing for thermal 
expansion and other lifetime considerations.

At Heriot-Watt University we have strong 
activity in applications of high power lasers to 
manufacturing. Our particular strength arises 
from our highly interdisciplinary team of more 
than 20 researchers, led by 6 academic staff 
with backgrounds in engineering, materials, 
physics and chemistry. We cover a wide 
range of activites, with a key focus on the 
development of laser-based manufacturing 
processes. There is particular emphasis on 
additive manufacturing and high precision 
processes, underpinned by our activities in 
laser development and engineering, robotics 
and fibre optic beam delivery, and in optical 
diagnostics. We have a range of funding 
sources, with core funding being provided 
by CIM-Laser, a 5-university EPSRC and 
industry-funded centre led from Heriot-Watt, 
supplemented by other EPSRC, EU and 
industry funding.

Duncan Hand 
Director of Research
School of Engineering & Physical Sciences
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MATERIAL PROCESSING

Since the early 1970s, high-power 
industrial lasers have been applied to 
the most difficult material processing 
problems. Since then, one factor 
- the control of laser energy and 
material interaction - has made laser 
processing desirable and, at the 
same time, challenging. Prima Power 
Laserdyne has developed unique 
techniques for controlling energy 
and material interaction when laser 
welding, cutting, and drilling.

Laser-material interaction

A laser source (continuous or pulsed) provides 
the ability to accurately deliver a large 
amount of energy into a localised region of a 
material to achieve a desired response, such 
as absorption, heating, melting (welding), 
evaporation (cutting and drilling), and plasma 
formation. Laser-induced defects arise during 
processing and in order to ensure process 
quality, it is necessary to optimise both laser 
and processing parameters to reduce and/
or eliminate these primary and secondary 
defects. Prima Power Laserdyne has 
developed laser processing techniques called 
SmartTechniques™, which help eliminate 
secondary defects such as excessive spatter 
caused by piercing during laser cutting and 
drilling and the weld depression at the end of 
the weld.

SmartPierce™

Laser piercing is used to generate a starting 
point for laser cutting. Traditional methods 
of piercing consist of peck piercing and 
rapid piercing. The key laser and processing 
parameters for piercing are pulse width, pulse 
frequency, peak power, duty cycle, assist 
gas pressure and type, nozzle standoff, and 
focus position. Peck piercing with maximum 
peak power, duty cycle, and frequency are 
programmed from low to upper level. The 
rise in duty cycle and frequency follows the 
progression of piercing through the thickness 
of metal. This method is very time-consuming 
when repeated many times in the course of 
batch production.

The rapid piercing method (Figure 1a) results 
in a pierced hole much larger in diameter than 
the cut (kerf) width because the cutting is 
performed by continuous-wave (CW) power. 
With this method, excess spatter is generated 
and there is potential for cutting nozzle tip 
damage. Neither piercing method is ideal 
for a production environment—instead, the 
ideal method is a new process feature called 
SmartPierce™, which produces a clean pierce 
point the same diameter as the kerf width for 
percussion drilling and cutting applications 
(Figure 1b). 

Applications for SmartPierce™ are varied, 
ranging from thin to thick metal cutting and 
drilling. For example, in many medical devices, 
electronics, and fine mechanics applications 
involving small features and thin materials, 
features are often too small to allow for 
piercing in what will eventually be the drop-out 
or scrap. In other cases, a feature - such as 
a slot - is produced in a single pass without 
moving around the outside profile of the 
feature to minimise the time to produce the 
feature.

SmartRamp™

With standard laser welding practice, laser 
power is ramped down at the end of the weld 
after the start point has been overlapped. 
This method leaves a depression at the end 
point. For most applications, this depression is 
undesirable, but has been considered to be a 
“fact of life” for laser welding (Figure 2a).

In hermetic welding, this depression at the 
end point can be a leak point; for applications 
requiring high fatigue strength, the depression 
represents a stress-riser for possible 
premature failure; and for cosmetic welds, the 
sight of the depression often causes quality 
concerns requiring additional quality control 
procedures.

With SmartRamp™, the laser parameters are 
controlled in conjunction with the motion so 
that there is no weld depression at end of the 
weld (Figure 2b).

A good weld is crack- and porosity-free, and 
has high strength and reliability. There are a 
number of process parameters that affect the 
quality, size, and properties of laser welds. 

Quality welds produced with SmartRamp™ 
are characterised by reduced porosity at the 
end of weld and, more importantly, with more 
crown and less undercut of the top bead.

SmartStop™

The surface behind the one being laser-
drilled is referred to as the “back-wall.” In 
turbine engine components, impingement of 
the laser beam on the back-wall can cause 
unacceptable melting of this surface. It is a 
common practice to use materials such as 
Teflon or copper sheet to form a protective 
barrier from the laser energy that passes 
through the primary surface toward the back-
wall. This is marginally effective, sometimes 
allowing back-wall damage to occur as the 
laser beam penetrates the protective material.

This is especially true when the back-wall is 
relatively close to the drilled surface. In other 
cases, the barrier material life may be short 
with inconsistent process results.

SmartStop™ makes it possible to avoid 
back-wall damage even in parts with small, 
1mm gaps between the back-wall and 
drilled surface. Note that protection material 
continues to be used, though the laser control 
consistently prevents penetration of the 
material by the laser beam and extends the 
useful life of the material (Figures 3a and b).

The LASERDYNE S94P control, the main 
component of Smart Processing Techniques, 
ensures that laser parameters are consistently 
changed quickly. Results using the recently 
developed SmartStop™ provide throughput 
of 1.0 to 1.5 s per hole. Also, LASERDYNE’s 
Optical Focus Control (OFC) ensures 
precise location of holes, whether they are 
perpendicular or at angles to the surface. 

Contact: Mohammed Naeem 
mohammed.naeem@primapower.com 
www.primapower.com

SmartPierce, SmartRamp, SmartStop, and 

SmartTechniques are trademarks of Prima Power 

Laserdyne.

Original article was published in an Industrial Laser 
Solutions web exclusive available from Prima Power.

SMART  TECHNIQUES™ FOR CUTTING, WELDING, AND DRILLING

Figure 1: (a) standard piercing method,  
(b) piercing using SmartPierce™

Figure 2: (a) conventional laser welding,  
(b) welding using SmartRamp™

Figure 3: (a) standard drilling method,  
(b) drilling using SmartStop™

a

a

a

b

b

b
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LASER CLADDING

Laser cladding is a very competitive 
alternative to traditional arc-based 
cladding methods, due to a much 
lower heat input. The technology can 
be used for cladding large surface 
areas and can also be expanded to 
applications like repair and additive 
manufacturing. Almost all types of 
laser can be used for cladding, but 
diode lasers offer many advantages 
thanks to their relatively low cost of 
purchase and operation. 

The Nuclear AMRC operates a 15 kW 
Laserline fibre-coupled diode laser, controlled 
by a large gantry-mounted robot manipulator 
within a 10 x 10 x 5 metre safety enclosure 
(Figure 1). The cell is used to develop and 
optimise techniques for applying corrosion-
resistant and hard-facing cladding, additive 
manufacturing and welding. 

Two of our test pieces were on display at 
MACH 2016 on the AILU stand.

Test piece 1: Corrosion-resistant cladding

This test piece consists of low alloy steel with 
corrosion-resistant cladding (Figure 2). This 
low alloy steel has moderate strength and 
impact toughness, and is used extensively 
for the manufacture of flanges, fittings and 
applications that require good fracture 
toughness. 

The task was to deposit a 4 mm thick layer 
of corrosion-resistant nickel base alloy 625 
to the substrate. This was done by applying 
two layers on top of each other. The second 
layer was applied immediately after the first, as 
the plate temperature stayed below the given 
maximum interpass temperature of 250°C. The 
cladding was deposited at a rate of 0.3 square 
metres per hour. 

The clad surface is consistent without major 
defects (Figure 2a). The required thickness of 
4 mm was achieved and the waviness from 
the cladding tracks is moderate (Figure 2b).

Test piece 2: Tristelle clad for a hard-
wearing surface

This test piece (Figure 3) is a mock-up of 
a gate valve seat, typical of a valve used 
in a nuclear plant. The ring consists of a 
stainless steel 316L substrate with wear-
resistant cladding. 

This cladding is Tristelle, an iron-based 
hardfacing alloy developed for the nuclear 

industry to replace the commonly-used 
cobalt based Stellite. Cobalt-based alloys 
are generally avoided by the nuclear industry 
because of the risk of trace amounts entering 
the reactor and becoming the extremely 
hazardous cobalt-60 radioisotope. 

One section of the ring has been left in the 
as-clad condition, while the rest has been 
machined to a smooth finish. The hardness 
of this clad is 37 HRC compared with about 
41 HRC given by the manufacturer for bulk 
Tristelle.

Contact: Bernd Baufeld 
b.baufeld@namrc.co.uk 
www.namrc.co.uk

About the Nuclear AMRC

The Nuclear Advanced Manufacturing 
Research Centre (Nuclear AMRC) is a 
collaboration of academic and industrial 
partners from across the civil nuclear 
manufacturing supply chain, with the 
mission of helping UK manufacturers win 
work at home and worldwide. It is backed 
by industry leaders and government, and 
managed by the University of Sheffield. 

The centre’s engineers and sector specialists 
work with companies to develop innovative 
techniques and optimised processes for 
large-scale high-precision manufacturing. 
Companies can use the Nuclear AMRC’s 
state-of-the-art workshop to develop and 
test new processes on production-scale 
machines without losing capacity in their 
own factories. 

DIODE LASER CLADDING AT THE NUCLEAR AMRC

Figure 1: Diode laser cell at the Nuclear 
AMRC, set up for cladding the inner surface 
of a large cylinder

Figure 2 Nickel based alloy 625 clad on a low 
alloy steel. a) Top view on the surface,  
b) 3D light optical image indicating a clad 
thickness of 4 mm and a peak to peak 
amplitude of 0.1 mm

Figure 3: Valve seating mock-up of a 316L substrate and a Tristelle cladding

a

b



16

ISSUE 80 SPRING 2016

JOB SHOP CORNER

CUTTING TECHNOLOGIES HELPS CREATE TRIBUTE

ISSUE 80 SPRING 2016

CARRS MOBILE WELDING
Carrs is now able to bring its welding 
expertise to customers’ doors. The latest 
equipment enables the mobilisation of a 
powerful welding laser which means tools and 
machines can be up and running again within 
a few hours of a visit. 

Contact: Phil Carr 
pc@carrswelding.co.uk 
www.carrswelding.co.uk

HUTCHINSON WINS AWARD 
Northern Ireland firm, Hutchinson Engineering 
scooped the overall Manufacturing Company 
of the Year at Insider Media’s ‘Made in 
Northern Ireland’ Awards 2016, a celebration 
of the very best in manufacturing, design 
and product development. The ‘Made in 
Northern Ireland’ Awards give recognition and 
reward to manufacturing companies that have 
demonstrated success in innovation, product 
development and growth in either domestic or 
overseas markets.

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

THINKLASER EXHIBITS AT 
SIGN & DIGITAL SHOW
Thinklaser has just returned from the Sign 
& Digital Show 2016, having exhibited the 
Lightblade 3040, the smallest of the flatbed CO2 
Lightblade range. Demonstrations of “Laser 
Origami” showcased the Lightblade’s flexibility, 
using a laser to make 3D objects by introducing 
bends instead of joints into the product and 
eliminating the need for manual assembly. The 
Lightblade achieves this by heating up selected 
regions of the workpiece until they become 
compliant and bend under the force of gravity.

Contact: Adrian Norton 
adrian@thinklaser.com 
www.thinklaser.com 

 

South Yorkshire laser expert Cutting 
Technologies has helped to create a fitting 
tribute to organ donors and their families. 
The Gift of Life Flower Seed Head designed 
by Leeds-based Hospital Art Studio 
takes centre stage at the main entrance 
to Derriford Hospital, Plymouth, and is 
a reminder of the importance of organ 
donations.

Made from a combination of stainless steel 
and acrylic, the design symbolises the 
regeneration of life, and represents those 
who have given and benefitted from organ 
donations.

Barnsley-based Cutting Technologies was 
instructed by leading graphic manufacturer, 
Digital Plus, to laser cut several dispersed 
seeds as well as three complete seed 
heads.

Jane Robinson, director of Cutting 
Technologies said: “We’re proud that we’ve 
been involved in creating such an emotive 
piece of art and we hope the design will lift 
the spirits of hospital visitors.

“The intricate designs of this project lend 
themselves perfectly to laser cutting and 
the finished product is really eye catching.”

Karen and Tony van de Bospoort of 
Hospital Art Studio added: “The design 
provides a strong metaphor for survival – 
the dandelion seed heads being nature’s 
timepiece and the seeds themselves 
leading to regeneration, restoration and the 
continuation of life. 

“It will provide a focus of attention in the 
main concourse and be a fitting tribute and 
recognition of the generosity contained 
within the act of organ donation.”

Contact: Martin Cook 
martinc@cut-tec.co.uk 
www.cut-tec.co.uk

ccCIRRUS LASER 
PRODUCES SCULPTURE
American artist Randy Kline commissioned 
Cirrus Laser to produce a sculpture for the Lily 
Lane Primary School in Manchester. The details 
were all created by children at the school and 
Klein created the overall design. The artwork 
had to be done as strong contour drawings, to 
enable them to be used for laser cutting metal. 
The drawings were laser cut in steel by Sussex 
based Cirrus Laser and welded in place.

Contact: Dave Connaway
dc@cirrus-laser.co.uk
www.cirruslaser.co.uk
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In the past one operator could usually load and unload a CO2 laser faster 
than it could cut, meaning it could be kept running for their whole shift. 
Pricing for just the cutting time used to be common practice. Fibre lasers 
are so fast now though; are we covering all of our business costs if we are 
still just pricing purely for the cutting time?

Fibre lasers seem to be all the rage at the moment and it’s all I hear about. 
Everyone I talk to either has one or their next machine will be a fibre. The 
OEMs are reporting a significant percentage increase in fibre lasers being 
sold compared to CO2s. It is easy to see why; they have lower electricity 
costs; they are faster on thin materials and they claim to have lower 
maintenance costs. 

Fibre lasers, however, also have their downsides. On thicker materials the 
cut quality, speed and cost are no match for a decent CO2 and dross can 
be an issue on any thickness. With a fibre laser a small amount of dross is 
very common, even on the best of cuts. Often this dross is so small you 
can get away with it, however this dross is usually very hard, what you save 
in cutting time can easily be lost in secondary operations if you need to 
remove it.

Another issue the OEMs seem to be keeping very quiet about is the 
amount of nitrogen the fibres use, especially cutting the thicker the 
materials. If you are about to purchase a fibre, I warn you now, calculate for 
yourself how much extra all that nitrogen is going to cost especially if you 
plan to regularly cut any non-ferrous over 3 mm thick. Nitrogen may be in 
the air at nearly 80% but it is by no means free or even cheap, so make 
sure you are sitting down for the result!

The final and biggest issue for the whole industry is the price that we, as 
Job Shops, are charging for cutting with these fibre lasers. The persistent 
march towards faster cutting has always been driving down prices but 
these fibre lasers seem to have brought with them radical, unrealistic price 
reductions. In real life we find on both CO2 and fibres we only achieve 
75-80% of OEMs stated cutting speeds. Cutting a part quicker means 
some of your variable costs can be reduced, but the fixed costs remain the 
same. You still have to try to make the payments on that expensive shiny 
new machine with the tinted windows (and power roof in some cases!).

Worst of all is that even if your fibre laser is cutting faster, that does not 
mean you are processing any more orders at all! In a typical Job Shop the 
machine is still being unloaded by an operator so often it sits idle for longer 
waiting for the operator to catch up. That means unless you are pricing 
to include this idle non-cutting time, you are not covering all your costs. 
Even if you are using an unloader/tower system you may have moved your 
bottle-neck off the laser but without additional labour the fibre still just sits 
idle for longer. If you have added automation and additional labour, have 
you allowed for these additional costs in your quoted rates?

Working on orders processed per hour, per shift or even per week is much 
more telling than unrealistically quoting using cutting times per part from 
the tech-tables. I urge you all to take a realistic look at how much a job is 
actually costing from start to finish and quote based upon that, rather than 
the old fashioned view of just cutting time, else our High-Fibre diets could 
lead to much belt tightening and possibly many of us even wasting away!

Mark Millar

mark.millar@essexlaser.co.uk

CHAIR’S REPORT

HIGH-FIBRE DIET?
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A STRONG FOCUS 
ON INNOVATION 
AND RESEARCH 
AN INTERVIEW WITH 
ADAM CLARE  

ASSOCIATE PROFESSOR, UNIVERSITY OF NOTTINGHAM

Q. How did you come to be Associate Professor in Advanced    
  Manufacturing at Nottingham? 

18

I studied at Liverpool 
University, initially as an 
undergraduate, then to 
PhD and subsequent 
post-doctoral research. 
I remember well my first 
introductions to lasers 
through Professor Ken 
Watkins and Chris Sutcliffe. 
Liverpool has a fantastic 
heritage in laser research and 
laser processing of materials. 
They have always studied 
the laser as a tool rather than 
getting into fundamental 

laser source research.  My 
PhD was in the field of 
additive manufacture of smart 
materials. I researched the 
use of laser melting of shape 
memory alloys and piezo-
electrics. When I first came 
to Nottingham, I was way 
too young to be appointed 
as an academic and spent 
the first 6 months panicking 
about being asked to do 
difficult sums. I was then that 
I met the late and great Janet 
Folkes who shared facilities 

and expertise in direct metal 
deposition, laser surface 
treatment and cladding. It 
was probably only after she 
passed away in January 2012 
that I realised how generous 
she had been in helping me 
out as a new member of the 
team in Nottingham, and the 
photo in my office that I took 
of her flying a hot air balloon 
reminds me often of her 
courage and zest for life, as a 
scientist and record-breaking 
balloonist. 
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Q. What is the environment like at universities  
 since students started paying £9k per year   
 fees?
A good quality degree represents excellent value at £9k per year. In 
my role, I spend lots of time travelling to meet students all over the 
world and I am always pleased to hear how highly respected our 
qualifications are. While £9k is certainly more expensive than the 
cost when more heavily subsidised in the past, it is still far cheaper 
than our US counterparts. For example, according to the QS world 
rankings, an annual undergraduate tuition fee in engineering at a top 
US university will cost approximately £32k as compared to a fee of 
£9k per year in the UK. Key changes in the HE sector relate to the 
importance placed on the National Student Survey which allows 
students to feedback on their institution. Increasingly there is a push 
to keep student satisfaction high, and this ranges from the quality of 
IT support, all the way to maintaining high quality teaching throughout 
the department and university. Competition is also fierce to attract the 
next tranche of students.

Q. Do you feel enough is done to encourage 
 STEM subjects in schools?  
STEM promotion should permeate through schools, in media, 
online and at home. Innovation is key to the economic future of the 
UK. Our greatest resource will be our intellectual capital and one of 
the key ways this can be maximised is by attracting people of all 
backgrounds into STEM subjects (preferably engineering). There is 
also a lack of solid role models in popular culture. TV personalities 
like Guy Martin and the Top Gear team are not representative of 
the diversity which we are seeking to encourage in the field. While 
there are some outstanding initiatives to encourage young people 
to gain an understanding of the appliance of STEM subjects I 
would be keen to see a stronger focus on innovation and research.

Q. What exposure to Laser Material Processing  
 do undergraduates have in your university?
Students are introduced to the use of lasers as early as the first 
year. The common use of lasers in industry means we must equip 
our students with a good working knowledge early in their studies. 
Project students regularly join PhD students working in our labs 
to undertake welding, surface processing and cladding trials. This 
is typified by former students Taiwo Abioye and Peter Farayibi 
(now academics in Akure University, Nigeria) who undertook laser 
materials processing projects as MSc students and went on to 
complete PhDs. I recently visited them in Nigeria.They are now 
looking to establish facilities to support the Oil and Gas industry at home.

Q. What do you see as the exciting    
 developments in the future of laser-based  
 Additive Manufacturing?
A couple of things come to mind, firstly the continuing 
development of more efficient and cost-effective laser sources 
will lead to the overall machine cost coming down and lasers will 
be added to other CNC machines (for hybrid processing), as the 
sources become more compact and easier to install. Currently, 
the laser source can be as much as 40% of the total cost of a 
machine – imagine if the laser cost fell to less than 10%.

Secondly, the real-time measurement and diagnosis of the physics 
and chemistry of the laser welding process will potentially lead 
to a more closed-loop approach to processes like AM. There is 
some really interesting work going on in Nottingham on Spatially 
Resolved Acoustic Spectroscopy (SRAS) which is heading in this 
direction. 

Q. What is the best thing about AILU for you?
The best thing about AILU is that a range of members with often 
unique goals are brought together under a single banner. The UK 
has a great legacy in laser physics and applications development 
for the laser, but AILU is very much forward-looking. Bringing 
together members of the trade, users and academic colleagues is 
not possible in other forums and is something we should be very 
proud to have achieved.

Q. How can AILU engage more with younger  
 members/students?
We all have a responsibility as technologists, engineers, 
researchers and AILU members to communicate the importance of 
our subject. This is best achieved by making it clear that the views 
of younger engineers are sought-after and appreciated. I am often 
concerned when senior colleagues produce roadmaps whose final 
deliverables will far exceed their own career end.  

Enlisting the next generation of AILU members at an early stage 
is best achieved by giving them a voice and an opportunity to 
collaborate. There is a vibrant community amongst our universities 
and these should be brought together to grow as a team. As 
students and engineers start out on their careers, the links that are 
made will likely lead to long lasting friendships and cooperation, 
and the world is getting smaller – so these links are international.

Contact: Adam Clare 
Adam.Clare@nottingham.ac.uk

Innovation is key to the  
economic future of the UK

INTERVIEW

“

”

The links that are made will likely 
lead to long lasting friendships 

and cooperation

“

”
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ADDITIVE MANUFACTURING

Medical prototyping of surgical 
devices using conventional 
Subtractive Manufacturing (SM) 
has traditionally resided solely 
within big-budget R&D departments 
or University start-ups with the 
financial resources to cover the 
heavy developmental costs. There 
are a few examples of individuals 
or small companies developing 
something relatively simple, but 
predominately this activity is 
restricted to the “big players”, who 
are able to access the financial 
resources required.

In the past decade, the advent of Additive 
Manufacturing (AM) has changed the above 
dynamic by reducing the costs of prototyping 
to such an extent that an individual or SME 
can now develop complex surgical tools to a 
level fit for clinical trials, while remaining within 
an affordable budget. In the case of Sutrue, 
described below, it has been possible to achieve 
exactly this using almost the full range of 
available AM technologies.

The history of the design of the Sutrue suturing 
device is fraught with errors, dead-ends and 
“almosts”, the significant difference being that 
over a period of 6 years the cost of these 
mistakes has been relatively small. AM allowed 
for a refreshing freedom to the design process 
via the relatively low cost of trial-and-error 
iterative design of prototypes, and changes 
could be made quickly to solve the specific 
engineering and design challenges.

To step back a moment, it is probably best to 
describe what the Sutrue device is designed to 
do. There are patents dating back to 1914 that 
describe taking a suturing needle and rotating 
it about a central point to perform a standard 
suture and recapturing the needle for multiple 
use. Other suturing devices are on the market 
that attempt to accomplish this, but they all 
use bespoke needles - each of which pose an 
inherent draw-back, either in how the needle 
passes through the tissue, or in the needle itself, 
which can potentially cause harm to the patient. 

The Sutrue device (Figure 1) can perform the 
necessary rotational action on a standard 5/8 
circle suturing needle of any type (needles 
used in surgical stitching come in a range of 
shapes, from the traditional round to triangular 

section “cutting” needles with a variety of other 
shapes between), and it is scalable, so the same 
mechanism can be used on a large needle for 
muscle or skin closure, or a small needle for 
endoscopic (keyhole) or robotic procedures. 

The device in any of its iterations is built using 
a range of manufacturing techniques, from 
SLM (Selective Laser Melting) for the core 
components that drive the needle, through 
SLS (Selective Laser Sintering) and SLA 
(Stereolithography) for the external casings 
and finally laser or chemical etching for one of 
the most important components, known as 
the spring plate. Although etching is actually a 
form of SM, it turns out to be another effective 
method of prototyping, so in this case we put 
it in the same category as AM in terms of cost. 
These separate processes, if designed properly, 
can be integrated to a very high standard 
of fit, and function as effectively as cast or 
moulded parts with the added advantage that a 

redesign of any of the components can be 
achieved without incurring re-tooling costs.

This is the fundamental financial advantage 
of AM over SM, which might seem obvious 
to those in the industry but is not advertised 
nearly enough outside of the AM bubble. Using 
Sutrue again as an example, AM costs have 
totalled around £50k, whereas the same parts 
manufactured using SM have been estimated at 
costing around £3.5m.

There is also a question of the effect AM has 
on the design process during the “solution 
phase”, the experimental time dedicated to 
solving the mechanical problems at hand. This 
is the time where “loose” design has a distinct 
advantage; the ability to change geometry in 
several ways without necessarily calculating the 
results beforehand. An example of this, during 
the design of the endoscopic suturing device, 
was one small pivot point that was proving to 

SURGICAL DEVICE PROTOTYPING 

USING ADDITIVE MANUFACTURING  
ALEX BERRY

Figure 1: The Sutrue handheld suturing device

Figure 2: Detail of gears inside prototype head
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be a very tight fit between other structures. Four 
different solutions were quickly designed with the 
pivot located in almost random locations – these 
were then printed in double scale on an in-house 
SLA printer, within a few hours, and the design 
solution became obvious when tested in the 
physical world.

In practical terms there are still costs relating 
to rapid iteration and turnaround of prototypes 
using different materials and techniques. Sutrue 
used a Formlabs SLA desktop 3D printer during 
the design process for the casing and larger 
parts, combined with some of the core metallic 
components printed on a Renishaw SLM at 
Liverpool University. There were lessons along 
the way, from a design perspective, in particular 
relating to support structures in the smaller SLM 
parts. A few attempts were needed to work out 
how to allow for toothed grooves in the rollers 
that drive the needle without support structures 
getting in the way – to remove those supports 
in the first examples we were having to post 
process them on a lathe which then affected the 
precision of the print, but eventually a design 
solution was found. We also used commercially 
sourced gears and steel shafts with enough 
precision to prove the principle of the device 
(Figure 2).

The latest version, which has the strength 
for initial medical trials, has the outer casing 
printed on an SLS machine via PDR, a design 
consultancy and applied research centre in 
Cardiff, and the inner core components made by 
ES Technology in Daventry on a Concept Laser 
machine. This has allowed for the development 
of the most precise versions of the device, the 
endoscopic and robotic device, which should be 
ready by mid-2016.

In technical terms, the precision of the SLM 
core parts has far exceeded what was 
considered possible, and is still surprising. For 

the endoscopic and robotic devices the core 
components incorporate module 0.2 gears, 
the length of the gear teeth being 0.4 mm, and 
under testing these have functioned well without 
any post print processing. These sit on a 1 mm 
partly crenulated shaft, with a corresponding 
roller sitting on this shaft, the advantage being 
that the crenulation prevents the roller rotating 
on the shaft while being easily removed for 
replacement. This in itself borders on the 
ridiculous in design terms! The level of precision 
has enabled watch-maker scaled gears and 
components that pre-AM would have literally 
cost a fortune. With the help of ES Technology, 
the final design for surgical trials does not have 
to cut corners or make compromises (see 
Figure 3), and it is projected that the device will 
prove, solely through AM prototyping, that it 
can surpass in terms of force and precision any 
suturing produced by hand.

During this period, Sutrue has been lucky 
enough to work with a cardiac surgeon, Mr 
Richard Trimlett, at the Royal Brompton Hospital, 
with whom it has been possible to design all of 
the versions keeping the requirements of the 
end-user in mind. For the outer casing, it has 
also meant the ability to go through a user-
orientated process in days and weeks, instead of 
months and years. The initial endoscopic device 
had a handle similar to a garden hose or pistol 
grip - when presented to Mr Trimlett, he found 
that he could use it more comfortably as a wand 
with a foot pedal control. Using the device in this 
manner he could complete endoscopic sutures 
while holding the device like a pen and not have 
to move anything on the control hand (a button 
or switch) which might affect the working end 
where the suture was being applied. Figure 4 
shows the structure of the endoscopic head as 
one of the prototypes was being assembled. 
Within 2 weeks, we had presented him with an 
amended design including a wire coming out 

of the end of the wand connected to a control 
box attached to a large musical foot pedal, 
which was then tested successfully. Currently 
we are working on a Bluetooth version, which 
adds another level of freedom, avoiding the 
wire connection. This is possible because the 
amended versions can be turned around very 
quickly using the resource at PDR in Cardiff 
(and at a low cost), and control components like 
motors and electronics can be fitted without post 
processing, once again allowing for iteration flow 
without concern over costs.

Rapid reiteration and trial has lead Mr Trimlett 
to request whether a new design for another 
device, a cardiac stabiliser, could be prototyped 
and manufactured using AM. It is expected that 
this should be completed very soon and, after 
a short regulatory process due to the simplicity 
of the design, in use on cardiac patients in 
theatre. This device removes the need to open 
the patient for bypass surgery, allowing the same 
procedure to be carried out endoscopically 
while the heart is still beating, a great medical 
advantage to the patient and a cost saving to 
the hospital.

In summary, entirely as a result of the use of 
AM, the Sutrue development is advancing at 
an unprecedented pace. The latest challenge 
is to create a working robotic version of the 
device to fit a Da Vinci Robotic surgery device 
in time for the Hamlyn Symposium on Medical 
Robotics in June 2016 – in any other world that 
would be considered impossible. Using AM 
we anticipate more than one trial version and 
plenty of breathing space, at a very reasonable 
cost. If that doesn’t show medical development 
practitioners that the future lies with AM, I don’t 

know what does!

Contact: Alex Berry

alex@sutrue.com 

Alex Berry is Director of Sutrue. He has invented, developed 
and created the Sutrue device range. He has also completed 
the CAD work and design development. 

SEE OBSERVATIONS P32

Figure 3: Small parts made at ES Technology 
fitted to hand-held device: a) on the base 
plate after manufacture b) in situ 

Figure 4: Fitting parts to the endoscopic head

a

b
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Following our first in-situ monitoring 
experiment for selective laser 
melting (SLM) also known as 
laser powder bed, when AMPLab 
researchers fitted a high-speed 
camera very close to the meltpool, 
I said to my colleagues “if someone 
tries to sell me this process, I will 
never buy it”! 

The high speed video showed a chaotic laser-
material interaction, clouded with plumes caused 
by evaporation, spatter from the meltpool, 
powder particles being pulled into the meltpool 
through surface tension, and other particles 
flying then forced back to the meltpool when 
hit by the laser beam (see Figure 1). It was 
obvious that this was a process that is clouded 
by instabilities. The next step for us was to 
try to probe the meltpool dynamics through 
computational modelling. It became clear that 
the process parameters have a significant impact 
on defect formation. Increasing the laser scan 
speed and/or the powder layer thicknesses lead 
to turbulence in the meltpool, which manifested 
itself in a poor surface roughness and an 

increase in porosity.

The key question that we had about SLM 
was how does this process work, despite 
the sophisticated and chaotic laser material 
interaction. Meltpool observations revealed that 
the process results in a significant remelting 
that extends up to 10-15 times the size of 
the powder layer thickness (~200-300 µm), 
Figure 2. In fact, without that remelting, 
fusion and bonding between the layers would 
not be sufficient to build a sound structure. 

Nonetheless, the extent of remelting needs 
to be carefully controlled. Excessive remelting 
could also be an indication of a high energy 
density, which is likely to result in keyholing 
and evaporation in the meltpool. Conversely, 
insufficient remelting may result in lack of fusion 
defects, which are obviously undesirable.

These revelations are important to consider 
when optimising the process for a new material. 
Typically when optimising SLM, a matrix of 
parametric combinations is developed, which 
is then built, sectioned, and characterised for 
the structural defects (e.g. cracking density and 
porosity fraction). Based on this, an ‘optimum 
parameter’ is identified. Some investigations 
combine this with the use of the energy density 
semi-empirical/quantitative, which combines 
all the process parameters (laser power, scan 
speed, laser track spacing, and layer thickness) 

in a single parameter, representing the volumetric 
heat energy input (or flux/area input in case 
the layer thickness is ignored) to the material. 
AMPLab’s work on the energy density model 
for Ni-superalloys has shown that this simple 
tool is certainly a good start towards narrowing 
down the process parameters window. It was 
found that several Ni-based superalloys followed 
the same trend, whereby the porosity content 
decreased with the increase in the energy 
density, until a threshold level was reached, 
beyond which the material was virtually fully 
dense (Figure 3). 

As surmised, the increase in energy density 
improves consolidation via thermal conduction. 
However, increasing the energy density 
significantly beyond the stability plateau is likely 
to drive the build/meltpool towards instability 
(e.g. keyholing and evaporation). The energy-
density approach, however, does not relate the 
formation of other structural defects, namely the 
cracks that occur in Ni-superalloys. There are 
more thorough and fundamental approaches 
in optimising the laser-material interaction 
parameters, especially the approach developed 
by Suder and Williams [1], which is yet to be 
investigated for SLM.

There is a further aspect of laser-material 
interaction that is sometimes overlooked in SLM, 
which is the limit of process resolution. The laser 
spot employed by SLM systems is typically ~30-
60 µm. This might be termed the optical footprint, 
but the thermal footprint certainly extends beyond 
this, depending on the thermal conductivity of the 
material. This aspect challenges the fabrication of 
functional structures, for example the lattices with 
engineered porosity. 

Occasionally, SLM users like to construct fine 
lattice structures with struts or gaps ~100 µm in 
size. These sizes are required when constructing 
structures for shock absorption, heat transfer, 
or osteo-integration. When using the process 
parameters targeted to achieve the maximum 
build density to build these sizes, it is likely that 
the struts/gaps end up being larger than the 
target dimensions, since the laser is unable to 
achieve the target dimension. This is where SLM 
hits the limits of its resolution. The only way to 
achieve the target dimensions in fine lattices 
would be to reverse engineer the parameters 
and dimensions, i.e. trying lower energy densities 
to achieve the correct dimension, as well as 
modifying the STL file and scanning strategies 
(see Figure 4). 

ADDITIVE MANUFACTURING

SELECTIVE LASER MELTING…AND 

REMELTING! 
MOATAZ ATTALLAH

Figure 1: A still-shot of the laser-material interaction during selective laser melting, obtained 
using high speed imaging, showing spatter generated during the process close to the laser spot

Figure 2: The extent of remelting during 
SLM, as observed on the uppermost layer, 
showing a meltpool depth ~10-15 times the 
powder layer thickness
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In AMPLab, we aim to continue our work on 
understanding the laser-material interaction 
during SLM, on both the fundamental and 
applied fronts. The complexity of the observed 
phenomena requires the combined use of 
experimental and modelling tools. Currently, the 
modelling tools are computationally intensive, 
which does not enable us to understand the 
macro-scale problems, like the limit of resolution 
or the microstructural inhomogeneity of the 
structures. Furthermore, the ability of computer 
simulations to truly represent a process depends 
largely on the availability of material properties. 

Moreover, our research activities aim at 
developing new materials for additive 
manufacturing, and assessing their process-
ability. The majority of AM operations nowadays 
are performed for materials that are currently 
processable using other manufacturing 
techniques, including forging or casting (e.g. 
Ti-6Al-4V, IN718, 316L and AlMgSi alloys). 
The development of alloys that are specifically 

customised to respond well to AM has been 
overlooked, which resulted in a significant 
amount of redundant research performed in 
AM processing of non AM-processable alloys. 
Since AM resembles a combination of casting 
and welding, weldability is occasionally used 
as a criterion to assess the AM processability 
of alloys. Even though, weldability itself is a 
qualitative factor that does not quantify the 
likelihood of success of AM of a specific alloy. 

It is known that defects in AM processing 
of metallic materials can occur for various 
reasons. Some alloys are particularly susceptible 
to cracking (e.g. cracking due to liquation, 

solidification, heat treatment, hydrogen 
embrittlement, etc.). Others are particularly 
susceptible to porosity formation due to their 
tendency to absorb gases by diffusion during 
melting (e.g. H solubility in Al-alloys). In addition, 
some alloys are particularly known to form high 
residual stresses during AM (e.g. Ti-alloys), which 
is usually attributed to the combination of low 
thermal conductivity and thermal expansion. It 
is becoming a necessity to develop AM-specific 
alloy grades in order to reduce the likelihood for 

defect formation.  

It may be over 30 years since the development 
of the laser powder process, but we are still 
beginning to fathom how the process works, 
despite the fact that additive manufacturing 
technologies build on over 40 years of studying 
the laser-material interaction in the field of 
welding. In fact, a similar sentiment was 
voiced only 20 years ago by welding science 
pioneer Prof. Thomas W. Eagar from MIT 
when he said that “New welding technology 
is often commercialised before a fundamental 
science emphasising the underlying physics 
and chemistry can be developed”. The same 
sentence can be re-written, replacing welding for 
laser additive manufacturing.

Reference:

[1] Suder, W. J. & Williams, S. W. (2012)
Investigation of the effects of basic laser material 
interaction parameters in laser welding. J. Laser 

Appl. 24, 032009
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Figure 3: The energy density versus void fraction in a number of Ni-superalloys, showing a 
fairly similar consolidation threshold 

Figure 4: The limit of resolution when constructing the lattice structures using SLM 
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A new approach to the closely 
related fields of laser cladding and 
direct laser deposition is providing 
superior components at lower 
cost. This automated method 
combines unique material mixing 
and modeling software with next 
generation fibre lasers.

Laser cladding is used for improving the wear 
and corrosion resistance of metal parts and 
for refurbishing worn parts. The process adds 
surface material, supplied in the form of wire or 
powder. The latter is faster and involves spraying 
metal powder from a nozzle on to a substrate in 
conjunction with a laser beam to melt both the 
powder and the top surface of the substrate.  

Laser cladding is gaining popularity because it
combines the advantages of two very different
traditional technologies: arc welding and thermal
spraying. Specifically, like arc welding, laser
cladding delivers a metallurgically bonded layer 
(for example, the components in Figure 1). 
And, like thermal spraying, it produces virtually 
no substrate distortion, and minimal dilution – 
mixing of the substrate and cladding materials.  

Direct laser deposition is a similar process, 
where a 3D part is completely built up close to 
final form, by use of this powder nozzle and laser 
combination.  

Unfortunately, several issues often inhibit wider 
use of laser cladding and direct laser deposition.  

These are:

• the creation of microdefects such as 
cracks, pores and carbide grains;

• the impact of laser downtime and repair;

• the high cost of some of the exotic metals 
that have optimised clad properties.

Köthener Spezialdichtungen GmbH (KSD), 
located in Kleinwülknitz, Germany, has 
developed a highly automated cladding/
deposition system, outlined in Figure 2, which 
they call the Rapid Laser Materials Manufacturing 
system (R:LM²), that addresses all of three of 
these potential drawbacks. In operation, the 
R:LM² creates the desired shape of the clad area 
by the movement of the nozzle and laser beam, 
under CAD/CAM software control. The closed-
loop deposition control system monitors the size, 
location and temperature of the clad area and 
adjusts the parameters as necessary to achieve 
the desired results.

Minimising material costs

Most importantly, the R:LM² system uses a 
revolutionary approach to reduce cladding 
material costs significantly. The problem is that 
the common traditional cladding materials that 
deliver desirable clad (i.e., wear and/or corrosion 
resistance) are nickel alloys, tungsten carbides, 
and inconels, which are all expensive. However, 
the sophisticated modeling and precision 
deposition capabilities of the R:LM² enable it 
to achieve the same results, in terms of clad 

corrosion and wear resistance, using software 
determined mixtures of a relatively small number 
of far less costly ferrous alloys. KSD personnel 
drew a parallel between this innovation and the 
common method of custom paint mixing using a 
system pre-loaded with only a handful of tints.

Lowering laser costs

Fibre lasers are a good match for many cladding 
and direct laser deposition applications, 
particularly for small parts such as valve 
components. However, first generation fibre 
lasers are based on multiple separate pump 
laser diodes, each independent fibre coupled 
and permanently spliced together. Moreover, 
cladding and deposition processes create a 
weld-like melt pool of liquid metal that can be 
highly reflective. If the fibre splices, pump diodes, 
delivery fibre or any other laser component is 
damaged by such back reflections, the laser has 
to be factory repaired or exchanged, negatively 
impacting downtime and net production.

To avoid these potential problems, the R:LM² 
system uses a next generation fibre laser – the 
Coherent HighLight FL rated at 1 kilowatt. This 
laser uses a modular architecture based on the 
use of fibre-coupled diode laser bars, rather than 
single emitters, as the pump sources. These 
bars as well as the other modules, including 
the delivery fibre, are all connected via a beam 
combiner based on discrete optical elements. 
This same beam combiner collimates the output 

ADDITIVE MANUFACTURING

FLEXIBLE, ECONOMIC AM USING 

FIBRE LASERS 
FRANK GÄBLER 

Figure 2: Block diagram of the main functional 
elements of the KSD Rapid Laser Materials 
Manufacturing system 

Figure 1: Slide rings clad with a FeMnCr based austenitic hard alloy using the R:LM2 system
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from the gain fibre, and other optics efficiently 
couple this into the final delivery fibre.  

This geometry prevents back-reflections from 
reaching the pump diode laser bars and there 
are no splices to damage. This makes this 
design immune to back-reflections. The modular 
approach also allows field serviceability because 
it enables the end user to exchange the delivery 
fibre in a matter of minutes as well as the pump 
diode bar and even the gain fibre.

Eliminating defects

Several researchers have previously noted 
that the rapid material cooling that occurs 
during conventional laser cladding sometimes 
produces bonding defects/porosity, as well as 
the formation of grains or other heterogeneous 
microstructures. These structures can limit the 
mechanical strength, lifetime and effectiveness 
of the cladding. Moreover, the number and type 
of these defects are highly dependent upon the 
exact laser processing parameters and cladding 
materials employed.  

The effect on clad structure due to various 
process parameters (in particular, laser power, 
laser beam scanning speed and material feed 
rate) and the precise recipe of cladding materials 
utilised have been studied and characterised in 
some detail by KSD. A key part of the R:LM² 
system is modeling software that is based on 

these comprehensive studies. In operation, this 
software utilises phase diagrams to accurately 
model and optimise the cladding recipe and 
process. The company has demonstrated that, 
by properly controlling the process factors using 
this software, the formation of undesirable clad 
microstructures can be minimised or eliminated 
in a deterministic manner.

Figure 3 shows the superior metallurgical quality, 
namely the fine grain structure, of clads created 

by the R:LM² compared to typical laser cladding 
results. KSD reports that the system is being 
used to provide cost-effective parts as diverse as 
specialty industrial gaskets, novel valve elements 
and bearing components such as races and 
slides.

Contact: Frank Gäbler

frank.gaebler@coherent.com

Frank Gäbler is Director of Marketing Materials Processing, 
Coherent 
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Figure 3: Large carbide grains in traditional laser clads (left); a clad produced using the R:LM² 
(right) exhibits a much finer grain structure 
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METAL POWDER BED FUSION: AN 

OPEN-ARCHITECTURE SYSTEM 
ANDREW MOORE ET AL.* 
This article describes a metal 
powder bed fusion system that 
was designed for in-situ x-ray 
imaging of the melt-pool during 
additive manufacture. Its open-
architecture design enables access 
for the x-rays as well as other 
in-situ monitoring techniques. The 
system produces high-density 
tracks and components ensuring 
that these in-process measurements 
take place under representative 
conditions.

Introduction

Metal powder bed fusion (PBF) is a well-known 
process category in additive manufacture (AM) 
in which thermal energy selectively fuses regions 
of a powder bed. It is often referred to by 
manufacturers’ names, sometimes trademarked, 
for example selective laser melting (SLM) and 
direct metal laser sintering (DMLS). The PBF 
system described in this article was designed as 
part of a short-term feasibility study funded by 
the EPSRC Centre for Innovative Manufacturing 
in Additive Manufacturing. The principal aim of 
the study is to determine if x-rays can be used 
for in-situ imaging of the melt pool during metal 
PBF. If feasible, such images might yield new 
insight into fundamental physical processes 
that occur during PBF, including the laser beam 
coupling into the powder bed, the powder 
melting and solidifying, and the formation of 
pores.

It is worth emphasising that the aim of the 
current x-ray measurements is process 
understanding rather than routine process 
monitoring. One example where this 
understanding might be useful is in improving 
the high-cycle fatigue life of titanium components 
produced by AM, which is dominated by cracks 
that nucleate at near-surface pores. These pores 
mainly originate from trapped gas, but larger 
defects can also arise when there is a lack 
of powder fusion due to process instabilities. 
A better systematic understanding of the 
relationships between the process parameters 
and the size, density, and three-dimensional 
spatial distribution of pores might be used to 
eliminate their detrimental effect on fatigue life, 
without resorting to additional costly process 
steps such as hot isostatic pressing.

X-ray source and PBF system requirements

We are interested in imaging a region ~500 µm 
long that incorporates the melt pool with 
un-melted powder in front and solidifying 
material behind. A short exposure time is 
required to effectively freeze the motion of the 
melt-pool as it moves across the powder bed. 
Successful imaging requires that:

• the intensity of the x-ray source is sufficient 
to record short exposure images through 
the build plate and any other metal in the 
beam path;

• the spatial resolution is sufficient (~1 µm) for 
individual powder particles to be imaged;

• the image contrast enables small variations 
of x-ray absorption in the powder layer to 
be visible above noise in the image.

X-ray sources with these characteristics can be 
set up at the STFC Central Laser Facility. An 
ultra-high intensity laser, such as Vulcan, drives 
a compact particle accelerator that produces 
a diverging cone of x-rays from a source of 
less than 100 µm across. These x-rays have 
a broad energy spectrum (10’s keV – 5 MeV) 
and a duration of a few picoseconds. The 
time between x-ray pulses is ~15 minutes, 
determined by the repetition rate of Vulcan laser. 
The diverging x-ray beam emerges horizontally 
into a test room.

The PBF system is portable enough to be 
operated in the x-ray test room and its design 
minimises the amount of metal in the x-ray 
path to the melt-pool. The system is operated 

remotely from a separate control room, so that 
the user is not exposed to the burst of x-rays, 
gamma rays and charged particles produced 
by the compact accelerator. Experiments 
require a small number of fully fused layers to 
be deposited, over which a final powder layer is 
spread in readiness for the x-ray pulse. The x-ray 
pulse is requested from the Vulcan control room, 
and the laser scans across the powder bed 
and is synchronised to be at the centre of the 
imaging region when the x-ray pulse arrives.

Open-architecture PBF system design

The open-architecture PBF system is shown 
in Figures 1 and 2. It comprises a powder 
reservoir and spreader block that is moved 
as a single unit by a stepper motor and lead 
screw. The powder is gravity-fed and deposited 
in the build area as the spreader block moves 
linearly in one direction; the excess powder is 
removed as it returns. The build plates are 80 
× 40 × 2 mm3 stainless steel (304L) coupons 
that are bolted to the vertical stage (z-axis). The 
powder in each layer is melted with a laser (SPI 
400 W continuous wave, 1070 nm, ~100 µm 
spot) that is scanned over the powder surface 
(Raylase MS-II-14 scanner with 163 mm focal 
length f-theta lens). Powder layers of the desired 
thickness are produced by lowering the vertical 
stage (~1 nm resolution). A PC remotely controls 
the vertical movement of the platform, the 
movement of the powder spreader and the laser 
illumination and scanning. The build volume 
is approximately 30 × 30 × 10 mm3. After 
processing, the metal coupons are removed for 
analysis.

Figure 1: (a) Schematic of the open-architecture powder bed fusion system (b) Passage of 
x-rays through powder-bed at ~20 degree angle to horizontal

a b



27

ISSUE 80 SPRING 2016

The powder used was gas-atomsied 316L 
stainless steel (from Renishaw) with particle 
diameters in the range 15 – 45 µm and a mean 
diameter of approximately 30 µm. SS316L 
was chosen to validate the performance of 
the system for the feasibility study because it 
has comparable properties to titanium but is 
significantly easier to handle. A Perspex chamber 
maintains an inert environment (argon with the 
oxygen concentration reduced to <0.5%) and 
the laser beam passes through a UV-grade 
fused silica window in its top surface.

As noted above, the x-ray beam emerges 
horizontally into the test room. If the beam were 
to pass through the powder bed horizontally, it 
would not be possible to distinguish individual 
powder particles. Hence the PBF system is 
positioned so that the upper part of the diverging 
cone of x-rays pass through the powder layer 
at an angle of ~20 degrees to the horizontal, as 
shown in Figure 1(b). This observation direction 
enables imaging of the vertical ‘edges’ of the 
powder at the front and one side of the melt-
pool.

Open architecture PBF system performance

The PBF system produces high-density tracks 
and components for in-situ imaging and other 
fundamental process studies. Figure 3 shows 
single tracks produced at different laser scanning 
speeds and two laser powers, for a laser spot 
diameter of 50 µm and a powder layer thickness 
of 70 µm. Within the process widow, thinner 
tracks are produced as the laser power is 
decreased or the laser scan speed is increased. 
The thin tracks at the highest scan speeds 
demonstrate balling due to Plateau-Rayleigh 
instabilities in the molten metal. Conversely, 
the wider tracks at the lowest scan speeds are 
irregular and broken, with obvious spatter, due to 
the decreased viscosity at higher temperatures 
and instabilities produced by Marangoni flow in 
the melt-pool. For subsequent experiments, we 
used a laser power of 50 W and a scan speed of 
120 mm/s to produce continuous, straight tracks 
with acceptable penetration.

To build volume parts, we use a strategy in 
which the scan direction is alternated between 
the x- and y-directions between successive 
layers. The scan spacing (i.e. the distance 
between adjacent tracks in a layer) was chosen 
by experiment. The scan spacing was varied 
between 50 and 110 µm and the surface 
quality of layers was inspected under an optical 
microscope, and the density of 5 x 5 x 5 mm3 
cubes was measured by both Archimedes 
immersion and optical micrographs of the 
sectioned cubes, Figure 4. A scan spacing of 
70 µm was chosen for which the component 
density is > 99%.

In-situ imaging and other experiments

Initial x-ray imaging experiments were conducted 
at STFC in 2015 with the Vulcan laser. Sufficient 
intensity and spatial resolution for imaging were 
achieved. However, the broadband source 

produced high-energy x-rays that were absorbed 
by the detector but not by the stainless steel 
powder particles, producing insufficient contrast 
to image individual particles. Repeat experiments 
will be conducted in 2016 with the Gemini laser 
in a phase-contrast set-up. We have already 
demonstrated that long-exposure phase contrast 
x-ray imaging has sufficient contrast to see 
individual particles.

In the meantime, the open-architecture design 
of the PBF system is proving a useful test-bed 
for research into process characterisation, 
different laser sources, in-process imaging and 
temperature measurements, residual stress 
measurements, x-ray tomography of the powder 
layer and testing small volumes of new materials.

* P. Bidare, R.R.J Maier, R.J. Beck, J. D. 
Shephard and A. J. Moore (Heriot-Watt 
University)
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Figure 2: The open-architecture powder bed 
fusion rig with its shielding gas chamber in 
position

Figure 3: Typical tracks at different laser scan speeds for two laser powers

Figure 4: Effect of scan spacing on 
component density. (a) Cube samples for 
density measurements. Cross-sections of 
cubes produced with a scan spacing of (b) 
110 μm, (c) 90 μm, and (d) 70 μm
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HYBRID MACHINE TOOLS – ADDING 

METAL WITH A CNC MACHINE 
PETER-JON SOLOMON
The hybrid machine tool concept, 
that is incorporating Additive 
Manufacturing (AM) in a machine 
tool, has received significant 
attention recently, as many are 
evaluating where this technology 
combination makes sense, and 
what it means for the manufacturing 
world. As one answer to this 
question, consider the following 
scenario.   

After the culmination of six weeks of work, 
a £20,000 mould tool is nearing completion. 
The last die sinking operation is taking place 
to the main cavity. The EDM machine sounds 
to indicate the process is complete and the 
operator lowers the tank… he then notices to his 
horror the electrode was slightly out of position, 
removing material from the wrong areas. Cooling 
channels and difficult split lines make it nearly 
impossible to repair using an insert, and even if 
you could, it will take days of rework. On top of 
that the mould is due for completion at the end 
of the week. 

The only sensible option is to send the tool 
off for repair using laser welding. In a hurry, 
everyone works to make the necessary 
arrangements to get the tool transported to the 
nearest precision laser welder, and to provide 
all the relevant details of where and how much 
material to add back on. Three days later and 
the tool arrives back. The toolmaker assesses 
the added metal and adapts his machining 
program accordingly. The tool is then setup 
on the CNC machine and machined back to 
the correct form prior to re-attempting the die 
sinking operation. Four days later and the tool 
is back on the EDM machine for the last fateful 
operation; and the operator has now lost count 
of how many times he has checked his setup 
and co-ordinates.

This scenario is typical of events that occur in 
toolrooms and manufacturing facilities around 
the country.

Now imagine an alternative scenario where the 
company has a hybrid CNC machine tool in 
house. The scenario plays out more quickly and 
smoothly… upon noticing that the electrode is 
slightly out of position, the operator does not 
panic. Instead, the mould is setup onto the 
hybrid CNC machine where the missing material 
is added back on using an AMBIT™ tool 
changeable laser cladding head (see Figure 1). 

In the same setup (and on the same machine) 
the added metal is machined to a finish. Within a 
few hours the tool is back on the EDM machine 
for the final die sinking operation.

When surface finish matters and material needs 
to be added, a hybrid machine tool can be 
the answer to save time and cut costs. The 
control and capability of combining AM with 
CNC machining in a single set up enables the 
salvaging of high value components, which 
otherwise could have been too costly or difficult 
to salvage.

Figure 2 shows laser cladding (also known as 
Directed Energy Deposition – a specific type of 
AM) from a machine tool spindle. Hybrid CNC 
machines equipped with laser cladding excel in 
several applications. Three of the areas where 
hybrid machine tools make sense are highlighted 
and briefly described below.

Remanufacturing 

Remanufacturing is not necessarily associated 
with AM, but for a hybrid machine tool, it 
certainly makes sense. High value components 
are repaired by adding metal back onto parts 

Figure 1: AMBIT™ tool changeable laser cladding head

Figure 2: Section of a typical laser cladding nozzle
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in a variety of industries worldwide. However, this 
tends to be manually welded or at best executed 
in separate cells – and often across different 
organisations. Being able to remove and add 
metal in one machine allows the repair process 
to be automated, which means fewer setups, 
less work handling, shorter lead times and 
enhanced quality. CNC machine tools are highly 
accurate positioning platforms, which means 
metal can be added accurately and precisely 
including the option for in-process inspection. 
Hybrid technology has been successfully 
adopted as a strategic solution for production 
repair applications where the components are 
going back into full service (see Figure 3 that 
shows a turbine blade which has been repaired). 
Hybrid manufacturing technology makes 
remanufacture a much more practical and 
attractive endeavor.

Reducing lead-time and costs 

Reducing lead-time and costs can be achieved 
in several ways with a hybrid machine tool. 
One is to reduce the feedstock material needed 
and the other is to accelerate prototyping and 
development. Machining a new part requires 
a billet that is larger than the final part. With 
a Hybrid Machine tool, a smaller billet can be 
strategically selected where features of the part 
are actually “outside the billet.” These features 
can then be added using the AMBIT™ laser 
cladding head. By carefully deciding which 
section of the part will be machined from the 
billet, and which sections of the part will be 
added on, there is potential to add a little to 
save a lot. This approach not only saves costs 
by reducing the amount of waste material, but 
also can significantly reduce machining time (see 
Figure 4 which demonstrates a feature that has 
been built outside the billet). 

Often during prototyping and development, 
full testing and validation of a prototype part 
requires that it be made using the same material 
as the final part. If the part must be made 
using moulds or dies, then modifications to the 
prototype require expensive and time-consuming 
alterations to tooling, dies and patterns. This 
extends the development time of the new part 
and makes it potentially very expensive. Hybrid 
machine tools open up the possibility to directly 

add/remove material to the prototype, or to 
modify the tooling, dies and patterns to suit. It 
has always been easier to take metal off, but has 
never been as easy to put it back on. Being able 
to add and remove metal on one platform makes 
practical the potential to easily modify and repair 
forming tools. 

Performance enhancement

Performance enhancement is the bread and 
butter of laser cladding technology, e.g. coating 
parts for better wear, corrosion or heat resistant 
surface properties. In many applications the 
coatings still need post processing to obtain the 

dimensional accuracy and surface finish required 
(which often involves a machine tool). 

Not only can laser cladding be used to coat a 
part with a performance enhancing material; 
it can also be used to create functionally 
graded parts. Augmenting a CNC machine 
tool with laser cladding technology creates 
greater manufacturing flexibility for functionally 
graded parts. The ability to switch back and 
forth between adding metal and removing it, 
simply with a tool change, provides this greater 
flexibility. It opens up a plethora of potential 
new designs and thinking for enhanced parts 
by transitioning seamlessly between different 
metals; for example, using the super alloy only 
where it matters, and making the rest of the part 
from some other lower-cost alloy.

With a strong business case in these three 
areas, the next question which naturally arises is, 
how does a hybrid machine tool work? AMBIT™ 
laser-based metal deposition heads can be 
stored and tool-changed the same as any 
other cutting tool in the automatic tool changer. 
When an AMBIT™ head is tool-changed into 
the machine spindle, a supply unit automatically 
docks to the head. This unit supplies the laser 
energy, feedstock powder and inert shielding gas 
to the head.

The system can be retrofitted onto existing CNC 
machines, or be fully integrated with additional 
functionality into new CNC machines, such as 
the Hamuel HSTM 1000, Mazak INTEGREX 
i-400 AM and ELB’s millGrind. Adding the 
AMBIT™ system onto CNC machine tools 
requires a laser, powder feeder, and extraction 
unit. The machine also needs to be made laser 
safe by adding or modifying the enclosures.

This article has given an overview of key 
applications when adding metal with a CNC 
machine. If asked the question “does adding 
metal with a CNC machine make sense?” the 
answer is most certainly a resounding “yes.” 
As applications develop and hybrid technology 
becomes more widely adopted, the author 
asserts that questions will no longer focus on 
when adding metal in a machine tool makes 
sense, but will instead contemplate why hybrid 
machines were not adopted earlier. 

Contact: Peter-Jon Solomon

pjsolomon@hybridmanutech.com

Peter-Jon Solomon leads applications development and 
collaborative research activities. He is a fully skilled toolmaker 
and previously managed a busy Toolroom. He has a BEng 
(Honours) degree in Engineering.

SEE OBSERVATIONS P32

Figure 3: Repair of turbine blade (Courtesy of 
Reclaim Project)

Figure 4: Building and machining a feature 
outside the billet
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NEW PROCESSES ENABLED BY 

INNOVATIVE FIBRE LASERS 
TONY HOULT
The continuing success in the 
marketplace of near infra-red fibre 
lasers has driven the development 
of new fibre lasers across the 
whole range of power, from low 
power marking and micromachining 
lasers all the way up to the highest 
average power commercial laser 
ever built – 100 kilowatts [1]. 

One of the many advantages of fibre lasers 
is the range of focused spot sizes and hence 
focusability (or brightness) that is available. It 
is straightforward if required to change fibre 
diameters using beam couplers allowing the 
same laser to be used with either single-
mode or multi-mode beam quality to allow the 
best spot size for a particular process to be 
employed. This emphasises the modular nature 
of fibre lasers and this extends into the design 
of the laser itself. This modularity, combined 
with complete vertical integration, has allowed 
IPG Photonics to develop new laser types 
very rapidly and as shown below processing 
developments run in parallel. While the article is 
separated into three clearly defined laser types 
the processes overlap in some areas:

• continuous wave single-mode fibre lasers;

• nanosecond pulsed fibre lasers up to 1 
kilowatt average power;

• short pulse nanosecond and sub 
nanosecond pulsed lasers.

Small feature sizes enabled by single mode 
fibre lasers

Although many cutting and welding applications 
employ multi-mode fibres, higher brightness 
single-mode fibre lasers are being used for a 
growing list of applications. In some cases a 
continuous wave (cw) or a cw laser modulated to 
high repetition rates may be required to achieve 
very small feature sizes on certain surfaces. 
It has been known for some years [2] that to 
improve retention of liquids on metal surfaces, 
very small features or pits in the order of a few 
microns in depth and diameter are required. 

Pits required of very similar dimensions are also 
used to retain ink on print rolls (see Figure 1). 
The only way to achieve this feature size cost 
effectively is to use single mode fibre lasers, a 
short focal length lens and a modulated beam. In 
some cases for very high speed processing the 
average power required may be up to 2 kW. 

However, in the sub 1 kW regime, advances in 
thermal management and improvements in laser 
design have led to the development of a very 
compact 6U rack mounted air-cooled 500 W 
fibre laser. Recent requirements from the energy 
storage industry are now renewing interest in 
this market for sub-kilowatt single-mode fibre 
lasers. The basic processing advantage of this 
laser for welding is covered by an early paper on 
keyhole welding with a fibre laser [3]. Miyamoto 
clearly shows that when a high enough power 
density is maintained at the workpiece, a stable 
high efficiency beam absorption in the keyhole is 
observed, this technique has achieved success 
in the welding of dissimilar metal combinations 
in the energy storage industry. Until recently, 
the differences in physical properties between 
metals such as copper, aluminum and steel 
were considered unweldable. The high speed 
(>0.4 m/s) low power keyhole welding technique 
overcomes the differences in physical properties 
between dissimilar metals and minimises the 
occurrence of undesirable metallurgical phases.  
The key to this process can be one of a 
number of high speed laser beam manipulation 
techniques that control and minimise the 
weld penetration into the lower layer of a lap 
joint minimising these deleterious phases (see 
Figure 2).  

Surface cleaning and surface modification 
processes enabled by high average power 
pulsed fibre lasers

Low-power nanosecond fibre laser sources 
are now available with excellent beam quality 
up to 100 W average power. However, there 
are a number of processes that come under 
the general heading of surface removal and 
modification processes that require different 
characteristics. In a parallel track to the previous 
discussion, certain applications such as laser 
cleaning and de-painting do not require single 
mode beams. Examples of such applications are 
shown in Figure 3a and b. These applications are 
now an industrial reality due to the introduction 
of a 1 kW average power pulsed nanosecond 
fibre laser, Figure 4. These laser systems have 
a maximum pulse energy of 100 mJ with user 

Figure 1: Surface texturing with single mode 
fibre lasers (Courtesy of Applied Laser 
Engineering)

Figure 2: Dissimilar welding of stainless steel 
to copper, 19 mm diameter

Figure 3: a) Rust removal from steel diffuser 
casing, b) Primer and corrosion removal from 
US Marine vehicle steel torsion bars after 
polyethylene coating was cut away (images 
courtesy of General Lasertronics)

a

b
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selectable pulses from 25-100 ns. It is important 
to note that for these types of processes it 
is the very high peak power, up to 4 MW, 
that is required to clean or remove coatings 
from surfaces. Small size, reduced power 
requirements and a fibre length of 25 m removes 
limitations that have held back the adoption of 
lasers for large surface area applications such as 
aircraft or bridges. A pulse repetition rate of up 
to 50 kHz means that small components can be 
processed at very high coverage rates and using 
a square spot from a square fibre can increase 
surface area coverage up to 100%. 

Another increasingly important and related 
application is laser cleaning of aluminum and 
aluminum alloys prior to welding or adhesive 
bonding; there are three major drivers that have 
increased interest in this process:

• the increased use of aluminum alloys in 
transport applications;

• increased environmental concerns over the 
usage of chemical cleaning agents; 

• increasing costs related to current and 
future regulation.

It is generally accepted that for components 
which are to be subsequently laser welded, the 
rough, contaminated oxide layers need to be 
removed. It has already been shown that the 
native aluminum oxide surface layer re-forms 
in a time dependent manner after the laser 
cleaning [4] process but it is not clear to what 
extent this affects the subsequent performance 
of the laser processed surfaces. 

It has also already been demonstrated that apart 
from simply removing coatings, a wide range of 
surface textures can be produced on processed 
surfaces. At low fluence this can be a simple 
cleaning process to remove contaminants or a 
‘smoothing’ process where asperities are melted 
into the structure to reduce roughness. At higher 
fluence significant ablation can be produced 
to maximise surface area. This may improve 
adhesive bond strength as it is well known that 
bond strength and perhaps bond durability can 
be improved by improving mechanical keying of 
the adhesive to a surface. 

Surface micro-texturing enabled by sub 
nanosecond fibre lasers

This topic leads into the third section of this 
review where a range of surface textures an 
order of magnitude smaller than those previously 
discussed can also be produced using yet 
another new fibre laser product. A development 
of the well-known pulse length adjustable 
Master Oscillator Fiber Amplifier (MOPA) group 
of lasers is now capable of pulse lengths as 
low as 150 ps with peak powers much higher 
than traditional nanosecond fibre lasers due to 
significantly shorter pulse durations, Figure 6. 
This regime is largely overlooked by the laser 
community due to the widely held view that 
pulses as short as 10 ps are required to obtain 
truly non-thermal laser processes. Ultrafast lasers 
can provide ablation with almost unmeasurable 
thermal effects on the workpiece but this comes 
at greatly increased laser and system cost and 
greatly reduced throughput due to the relatively 
low average power of these ultrafast lasers. 

Processing results with this sub-nanosecond 
pulsed laser have shown that using off-the-shelf 
galvanometer optics, the fluence (peak power 
density) is well into a non-linear processing 
regime where unexpected results and unusual 
surface textures are produced. One particular 
result has shown that copper films as thin 
as 50 µm can be processed with a full 30 W 

of average power to produce a clean highly 
wettable surface – without distortion of the 
copper foil. Under different conditions a highly 
absorptive nanostructured surface is produced 
on copper that appears very black to the human 
eye, Figure 6. This technique may also be 
applicable to welding of battery components 
where highly localised areas may be treated to 
greatly improve the absorption of highly reflective 
aluminum and copper surfaces. Finally, the peak 
power is also high enough to produce small, 
shallow but entirely repeatable textures on many 
highly transmissive materials such as glass and 
sapphire – more investigation is clearly required.

Summary

Clearly the progress of fibre laser technology is 
not slowing. Multi-kilowatt fibre laser systems 
have now accumulated many thousands of 
hours without issue in the most demanding 
applications such as welding 1” thick copper 
with a 50 kW laser. In parallel, entirely new fibre 
lasers have emerged that are enabling many new 
applications, the future is indeed bright for fibre 
laser technology.  
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Tony Hoult is Applications Manager at IPG Photonics, 
Silicon Valley Technology Centre, Santa Clara, California.
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Figure 4: 1 kW pulsed nanosecond fibre laser 
system

Figure 5: MOPA fibre laser with 150 ps mode

Figure 6: Surface of treated ETP copper 
using 150 ps laser
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SURGICAL DEVICE 
PROTOTYPING USING 
ADDITIVE MANUFACTURING
Alex Berry (pages 20-21)

This is a very interesting article that really 
emphasises the design freedoms and potential 
cost savings offered by Additive Layer 
Manufacturing within the design and prototyping 
phase. As Alex states this is well known within 
the “AM bubble” but not well known enough 
in the outside world. The particular device 
described is also of high complexity and the 
component part specifications challenging. 
This coupled with a difficult market to penetrate 
(medical devices) gives even more power to the 
elbow of ALM.

Whilst the cost and design benefits are well 
highlighted it would have been interesting to 
see if ALM brought additional benefits – e.g. is 
the device safer to use, more robust, easier to 
handle etc. The stated cost saving of a factor of 
70 (£50k cf £3.5M) is enormous and perhaps 
a little difficult to take in. I wonder whether the 
full cost of ownership of the ALM and other 
machines was taken into account? Still, the 
savings are clearly very impressive. Should such 
a device come to be mass manufactured would 
ALM be the choice of production? Probably not 
yet I suspect. However the opportunities to try 
things out and design new concepts appear 
limitless and this can only be a good thing for 
manufacturing in general and certainly for the 
complex world of medical devices. 

Ric Allott, STFC Rutherford Appleton 
Laboratory 

An interesting article that perfectly illustrates the 
use of additive manufacturing (AM) techniques in 
product development. I am particularly impressed 
with the scale and size of the gears described. 

Rapid product development has been known 
for some time as a key business model for 
AM. What interests me in reading this article 
is whether that model now extends to rapid 
manufacture as well. Will a Sutrue device ever be 
manufactured by more conventional methods?

Questions like this will become more 
commonplace as we now move to “Industry 4.0” 
or digital manufacturing. Could surgeons not 
just specify the head and suturing specification, 
or could they request bespoke modifications 
of the device, such orders being added to the 
productions schedule with AM offering the 
potential of the mass production of unique 
bespoke tools? 

A slight concern in the development model 
described is that there appears to be a risk 
that if the manufacture of prototypes becomes 
so easy and cost effective, that design by trial 
and error could become the norm. In another 
strand of Industry 4.0 virtual engineering will 
allow a completely “cyber” based design and 
testing regime to be completed before moving 
to manufacture. So in an application such as 
this, where will the balance between “cyber” and 
“physical” design and testing lie?

One final intrigue – on components so small 
and applied to rotational stresses, contact wear 
and fatigue, how does surface finish factor in 
to the design? The article suggests that as-
made surface finish is sufficient in itself, I would 
suspect that for the final product more attention 
will be needed here to overcome issues that 
could shorten tool life, and maybe provide a 
risk of biological contamination as well. It would 
be interesting to hear how these aspects are 
developing.

Martin Sharp, LJMU

SELECTIVE LASER MELTING…
AND REMELTING!
Moataz Attallah (pages 22-23)

I was excited to see this high speed video of the 
laser-material interaction in SLM at the AILU AM 
Workshop at Cranfield in March. Usually the SLM 
operator can only view or watch videos of SLM 
in action within the build chamber to see the 
sparks, powder scatter but not how the melt pool 
forms and interacts with the powder. Moataz and 
the AMPLab group here have given SLM users 
new information on how extensive remelting 
can be within the new structure. Currently, SLM 
users rely on their experience to alter their build 
parameters to suit complex builds. We have 
altered both the CAD and laser settings to deliver 
fine latticeworks for our filters. If their further 
work develops a computational model that could 
form part of an in-process feedback tool of the 
laser–material interaction this could enable SLM 
users to alter their build parameters to suit the 
component complexity. 

Louise Geekie, Croft Additive Manufacturing 

FLEXIBLE, ECONOMIC AM 
USING FIBRE LASERS
Frank Gäbler (pages 24-25)

This article describes a laser cladding system 
that has been developed claiming two benefits. 
The first is the use of special powder mixtures 
to generate the correct alloy chemistry rather 
than by using a single powder of the desired 
alloy composition. It is claimed that this is more 
cost effective than using a single powder, which 
is credible, but it would be nice to see some 
evidence to quantify this. It is also stated that 
the mixture produces better properties but no 
details are given for comparative performance. 
The second benefit stated is that they have a 
more reliable system by using a fibre laser with 
a different architecture meaning that it is not 
susceptible to back reflections.  One assumes 
this is a standard feature of the laser source, so 
could be incorporated into any laser cladding 
system. 

Stewart Williams, Cranfield University

METAL POWDER BED FUSION: 
AN OPEN-ARCHITECTURE 
SYSTEM
Andrew Moore (pages 26-27)

Metal Powder Bed Fusion (PBF) and Additive 
Manufacturing (AM) is of interest to the laser and 
non-laser community. The work carried out in 
this article by Andrew Moore et al. is impressive 
and should help towards the understanding of 
laser sintering and describing the formation of 
trapped pores and cavities. Experiments of this 
type are vital to elucidate surface tension driven 
instabilities. Portable experiments reported in 
this article that combine X-ray imaging with 
laser interactions can be challenging especially 
when working under the constraints of limited 
beam-time. Therefore, experiments of this nature 
are required and are appreciated. The planned 
experiments in 2016 using the Gemini source in 
conjunction with a phase contrast set-up should 
prove to be extremely useful and the work should 
further advance PBF and AM. 

Chris Walton, University of Hull

HYBRID MACHINE TOOLS – 
ADDING METAL WITH A CNC 
MACHINE
Peter-Jon Solomon (pages 28-29)

Interest in hybrid additive/subtractive techniques 
is likely to rapidly grow over the next decade, 
as they address some of the technological 
challenges associated with metal AM, notably 
the tolerances and surface finish. The highest 
impact for hybrid techniques will certainly be in 
the repair field, especially for non critical/load-
bearing components. There is still however some 
room for improvement in hybrid techniques, 
especially if a one-stop shop hybrid platform can 
be developed, combining on-line non-contact 
metrology, inspection, self-adaptive/autonomous 
control, and possibly in-situ heat treatment 
or tools for residual stress management and 
control (e.g. peening). Furthermore, the current 
hybrid systems combine laser deposition with 
conventional machining. Future systems should 
avoid the use of conventional machining, and rely 
whenever possible on the use of laser machining 
to achieve 100% time utilisation of the laser. The 
current systems have been mainly applied to 
steels and some Ni-superalloys, which are less 
sensitive to surrounding atmosphere. With other 
aerospace materials, like titanium, further control 
on the deposition atmosphere will be required, 
in addition to the residual stresses which are of 
a major concern for Ti-alloys. Still, the first wave 
of the hybrid systems is certainly a step in the 
right direction towards maximising the benefit of 
the high-througput direct energy deposition AM 
technique.

Moataz Attallah, University of Birmingham

OBSERVATIONS
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After a relatively slow start to MACH 2016 due 
to transport issues around the NEC, delegate 
numbers picked up and the AILU stand 
was busy attracting new members, hosting 
business meetings and passing on any specific 
manufacturing queries to existing members. 

We were delighted to catch up with so many 
AILU members over the week; many thanks 
to everyone that helped out at the AILU stand, 
and especially to those who attended the AILU 
AGM on Thursday 14th April. Following are 
some images from MACH 2016.

OBSERVATIONS

AILU @ MACH 2016 
11-15 April 2016   NEC, Birmingham

SigmaTek

Fujikura

Coherent TLM

Tec Systems

Lasermet

Renishaw

This article expounds the potential benefits of 
hybrid AM systems based on laser cladding 
technology as opposed to separate systems. I 
think the main benefits are in terms of repair for 
small items such as turbine blades or injection 
moulds. What are less clear are the benefits 
for other AM applications. For simple surface 
cladding and finishing of the clad surface 
this may be a suitable approach. Direct part 
manufacture and then finish machining are not 
mentioned, as the benefits of this approach 
compared to using separate systems are less 
obvious. It is not clear if there is any software 
available for manufacture of anything other than 
simple parts or addition of lumps of material in 
certain areas on a pre-existing preform or part.

Some of the limitations with this approach are 
not mentioned or discussed. One assumes all 
machining has to be done dry in order not to 
affect the next deposition cycle with any fluids. 
This would severely limit the rate of machining 
for some harder materials. It is not clear what 
happens to the powder that is not captured into 
the weldpool; how are the slides or bearings 
etc. protected from this? If you change materials 
how can you guarantee no contamination from 
residual particles from the previous deposition 
cycle? Finally the production of functionally 
graded materials is mentioned as it always 
seems to be, by those using powder for AM. 
However I have seen very few examples of 
this due to the problems of changing powder 
type. Putting down one material onto a different 
substrate material is possible but is then subject 
to all the usual restrictions and problems for 
dissimilar welding.

So I think this technology has a place in the AM 
field but perhaps in some niche or specialised 
areas rather than general part manufacture.

Stewart Williams, Cranfield University

NEW PROCESSES ENABLED 
BY INNOVATIVE FIBRE 
LASERS 
Tony Hoult (pages 30-31)

This article demonstrates the versatility of fibre 
lasers and highlights new applications where fibre 
lasers offer a distinct advantage over other laser 
types. Particularly, when varying pulse duration to 
nanosecond and even to sub-nanosecond levels, 
the interactions between the laser beam and the 
material are substantially changed. 

What is clear from this article is that fibre lasers 
in their various forms are showing very good 
promise in many applications, but in addition to 
this, the general trend toward increasing average 
power with short and ultrashort pulsed lasers will 
enable fibre lasers to provide even more benefit 
to materials processing activities.

Andy Wilson, TWI
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A FUNNY THING...

They say you only get one chance to make a 
first impression. I was recently reminded of two 
similarly disastrous first impression memories 
from the past. 

The trade show Laser World of Photonics in 
Munich is a great opportunity to check out the 
competition and to meet international colleagues 
and friends from the wider laser supply chain.  
During one visit, my colleagues and I were 
examining an artistic display of laser marking 
samples tastefully arrayed in a glass cabinet.  
The samples were resting on a bed of colourful 
plastic chippings within a large square-topped 
and well-lit glass display case. As three of us 
looked inside, one of our number leaned a little 
too heavily on the top to point out a particular 
sample which had sparked his interest. The 
glass top, being a little too brittle to take this 
amount of bending, suddenly reached the 
point of no return with a loud cracking sound 
followed by the sound of a hundred glittering 
shards of glass raining down into the bed of 
plastic chippings and samples. As I recall, the 
noise and gasps from those around the cabinet 
quickly drew attention to the calamity. Rather 
embarrassed and very apologetic, we attempted 
to assist as much as possible until there were 
enough staff from the booth to feel that our 
presence was no longer required.  

Fast forward a year and our company was 
bought by the one with the shattered display 
case, though few people might have made 
that connection other than those present when 
it happened. Rather than “brushing it under 
the carpet” my colleague chose to bring up 
the amusing anecdote to confess, apologise 
and promise to be more careful in future.  No 
permanent harm done, and a story to add to the 
collection!

The following year, I visited the HQ of our new 
parent company for a series of welding trials with 
two VIP potential customers in the applications 
lab. I was very impressed when a set of coffee 
cups and saucers in finest china with a coffee 

pot, milk jug, and an array of chocolate biscuits 
was wheeled in on a metal trolley. Spending 
hours in the lab watching laser welding of copper 
can, dare I say, get a little bit tedious - so I found 
myself loitering by the trolley and my curiosity 
was aroused by the knob on the end which 
seemed something that could be twisted. As I 
pushed and it started to twist, nothing appeared 
to happen for a few seconds until I noticed that 
the top of the trolley was now rotating like the 
deck of the Titanic as it slipped under the water. 
Caught by surprise and powerless to reverse my 
actions, I stood helplessly as half a dozen china 
cups, saucers, a sugar bowl and cream jug 
slid towards the edge of the tray-like top of the 
trolley. As the angle of the trolley top approached 
45 degrees most of the china had reached the 
edge and started to fall onto the floor creating a 
“bull in a china shop” pile of broken china on the 
floor with a corresponding crash. Again, some 
picking up of the pieces and profuse apology 

WOULD YOU LIKE TO WRITE 
FOR ‘THE LASER USER’?
We are looking for new content to make The 
Laser User more interesting, relevant and fun to 
read. If you would be interested in contributing to 
the magazine, we would love to have your input 
and we will do our best to use your words and 
high resolution images.

To submit content, send by email to  
cath@ailu.org.uk 

THE SOUND OF BREAKING GLASS

was the order of the day – being quite unable to 
explain why I had twisted the knob that set into 
motion the disastrous chain of events. I guess 
it was like the irresistible lure of a sign saying 
“don’t press the red button”.  Two days later, 
leaving HQ after a successful series of welding 
trials which resulted in a large order, the incident 
of the coffee set avalanche was an amusing 
anecdote, not a lasting source of bitterness!

The moral of the above tales? Sometimes an 
unconventional first impression can be an “ice 
breaker” which can result in shared laughter, 
bringing people closer together in sharing the 
butt of a few jokes. Don’t you think?

 

Dave MacLellan 
AILU Executive Director 
dave@ailu.org.uk
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FORTHCOMING EVENT

AILU BREAKFAST WORKSHOP 

LASER APPLICATIONS IN THE  

MARITIME INDUSTRY

Tue 22 JUNE 2016
Maritime Knowledge Hub, Birkenhead, UK

Programme

08:00 - 08:30  Arrival and registration

08:30 - 09:50  NETWORKING BREAKFAST 

09:50 - 10:00       Welcome - Martin Sharp (LJMU)

10:00 - 12:00  PRESENTATIONS

  Introduction to the Maritime Industry  
  Chris Shirling-Rooke (Mersey Maritime Ltd)

 Overview of laser applications 
 Dave MacLellan (AILU)

 Challenges in manufacturing in shipbuilding or ship repair
 John Barnard/Nicholas Mansell (Cammell Laird)

 Surface texturing applications for the maritime sector
 Paul French (LMJU)

 Reducing the environmental impact of paint and coating removal of marine vessels

 Ioannis Metsios (Powerlase)

 High power fibre laser welding
 Nicholas Blundell (MTC)

 Maritime and underwater welding applications at TWI 
 Ali Khan (TWI) 

12:00 - 14:00  TOUR OF CAMMELL LAIRD (limited spaces)

For more information including how to register see the Events page on the AILU website: www.ailu.org.uk
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March 2016 April 2016 May 2016 June 2016

22 
AILU WORKSHOP 
ADDITIVE MANUFACTURING 
Cranfield University 

11-15
MACH 
NEC, Birmingham

14 
AILU AGM DURING MACH 2016

27-29 
AKL ‘16 Laser Applications of 
Tomorrow 
Aachen, Germany 
 
 

13-18 
The Second Smart Laser Processing 
Conference 2016
Yokohama, Japan

31 May-02 June 
LASYS
Stuttgart, Germany

16 
AILU PRESENTATION 
Ric Allott (AILU Chair) 
Lasers have the power to drive UK 
business  
International Festival for Business, 
Liverpool

22 
AILU BREAKFAST MEETING 
LASER APPLICATIONSIN THE 
MARITIME INDUSTRY
Birkenhead

28-29 
International Conference on 
Industrial Laser Processing (JNPLI) 
Liège, Belgium

July/August 2016 September 2016 October 2016 November 2016

14 
AILU WORKSHOP 
MICRO-NANO PROCESSING
Southampton

 

TBA 
AILU ANNUAL JOB SHOP 
BUSINESS MEETING 
Details to follow

02-03 
Advanced Engineering
NEC, Birmingham

29 
AILU WORKSHOP 
ADVANCES IN HIGH POWER 
LASER SOURCES AND BEAM 
DELIVERY
Heriot-Watt University

EVENTS: RECENT AND FUTURE

Image courtesy: Laser Micromachining

Image courtesy: TWI Image courtesy: Mersey Maritime Ltd


