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FIRST WORD
Technology such as email, smartphones and 
social media easily allow us to reach people 
near and far. However, these tools avoid face-
to-face exchanges – looking people in the eye 
helps understand better how your message is 
being received and understood.

Approaching another UK General Election, 
there is much talk of angry dialogue between 
those who take different views on Brexit and 
other topics. Social media allows us to identify 
followers that think in a similar way to us and 
adverts can be targeted to appear in your feed 
and re-inforce the views of those paying for 
them. Has the familiarity of reasoned and fact-
based debate to resolve differences been lost?  
Do we listen, understand and contextualise the 
contrasting views of others?

Anonymous platforms like Twitter allow people 
to “shout” abusive words – the sort they 
wouldn’t have the courage to make face-to 
face.  Perhaps new laws will allow anonymity 
to be restricted for this reason. And what about 
email? I have heard (and witnessed) the use 
of email to send messages to those who sit 
nearby. Isn’t it better to go and have a chat with 
someone or to pick up the phone and talk to 
them? Was ever a conflict resolved by an email? 
I think not.

Don’t forget the value of talking to people face-
to-face. Meet your connections (and make new 
ones) at the next AILU event!

Dave MacLellan 
dave@ailu.org.uk

ASSOCIATION NEWS

PRESIDENT'S MESSAGE 
I started writing this before the 31st 
October, unsure whether the UK would 
be a member of the European Union 
when the article was published. A 
crystal ball is not part of the welcome 
pack for AILU Presidents, but we do 
have the luxury of being slightly late 
with our contributions to The Laser 
User. So, I’ve finished this article safe in 
the knowledge that a Brexit extension 
has come into force, and the potential 
business impacts of a ‘no-deal’ Brexit 
have been postponed until at least 31st 
January. The timing of this extension 
isn’t great, not least because it coincides 
with the deadline for the next issue of 
The Laser User!

On a more serious note, the uncertainty 
around Brexit is not good news for UK 
manufacturing and AILU members. 
Several large organisations in the 
automotive industry, for example, moved 
their traditional summer shut-down to 
coincide with the date of the original 
Brexit deadline, to de-risk potential 
issues with supply chains. Another 
week’s shut down is being undertaken 
at a number of the same organisations 
in November, again to mitigate against 
potential disruption from a no-deal 
Brexit. This is bad news for the sector 
and the UK economy. Looking more 
broadly than the automotive sector, 
overseas investment in UK companies 
has recently declined, as well as the UK’s 
manufacturing output.

There is some light at the end of the 
tunnel though. The UK Government has 
committed to meet a target of 2.4% of

GDP invested in UK R&D by 2027, and 
has a longer term goal of 3%. Much of 
this funding will be directed towards 
identified ‘Grand Challenges’ for the 
UK. There are currently four of these – 
‘Artificial Intelligence and Data’, ‘Ageing 
Society’, ‘Clean Growth’, and ‘Future of 
Mobility’. Industrial laser technology has 
strong links to all of these challenges 
(for example, additive manufacturing 
of bespoke implants, and laser-based 
assembly for electric drive trains), and 
offers a step-change in performance 
compared with more traditional 
manufacturing techniques. I’m confident, 
therefore, that despite current uncertain 
times, the industrial laser sector in the 
UK will continue to prosper from an 
end-user perspective. These challenges 
aren’t unique to the UK, and UK laser 
source and equipment manufacturers are 
uniquely positioned to take advantage 
of this.

Finally a quick reminder - AILU is looking 
forward to ILAS 2020 in May next year. 
Please take a look at the event website 
(ilas2020.co.uk) - registration and 
abstract submission are open so don't 
miss out.  

Jon Blackburn 
jon.blackburn@twi.co.uk

RIC'S RAMBLINGS
Dear Readers, What’s in a name? I attended the Photonics Leadership 
Group meeting recently and once again the debate about what we should 
call things to do with “light” came up. It’s been the same for as many years 
as the PLG has existed and I’m sure for as many years as anyone can 
remember.

The issue here is the word “Photonics” – why is it that people don’t really 
know what it is - and therefore it doesn’t really get its fair share of the 
glory and limelight…and funding. If you say “electronics” to the person in 
the street – in general they will have a go at describing what that is and 
how it benefits them and society. But replace the “electron” with “photon” 
and people on the whole look back at you blankly. Why is that? Surely an 
“electron” is as ephemeral as a “photon” – even more so I would argue 
– at least you can sort of see “photons”. But this lack of understanding 
and meaning has meant that photonics has suffered a bit in the past and 
likely too in the future. PLG have done some fantastic work on the value of 
photonics and what it brings to the economy – but we are still not getting 
the message through  -because people freeze over at the word – how do 
we make it so that it becomes ubiquitous like electronics?

If you put the words optics in - it seems to work a bit better. Opto-
electronics or Electro-optics seem to fair a little better – but is that 
because of that pesky “electro” again! Can we build on this and talk about 
the power of light and optics. Everyone knows “light” –they perceive it in 
the morning as they wake up and turn some on when it gets dark at night.

Why the fuss – well I believe that today we must demonstrate more and 
more the impact of our work and technology development on people and 
society - and if people don’t understand the name – they won’t support 
it. Perhaps photonics suffers from unconscious bias  -where opinions 
are formed and decisions are made using our 
super-fast reacting primitive brain – based on 
preconceived ideas  -rather than our more hard 
thinking “look at the data” brain  - that tends only 
to turn on when we really try hard. Can we get 
“photonics” into the primitive brain - or should we 
try harder to call it something people can love and 
understand?

Ric Allott  
ric.allott@stfc.ac.uk
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NKT DELIVERS LASERS FOR SECURE DATA PROJECT

MEMBER & BUSINESS NEWS

ADAM CLARE RECEIVES 
ROYAL ACADEMY FUNDING

AILU Vice-President, Professor Adam Clare, is 
one of three new Research Chairs to be funded 
by the Royal Academy of Engineering. Focusing 
on industry-relevant research across the full 
range of engineering disciplines, the Academy’s 
newly-appointed Research Chairs and Senior 
Research Fellows will enhance the links between 
academia and businesses with each of the 
prestigious five-year positions co-sponsored by 
an industrial partner.

Working with Rolls-Royce as Research Chair in 
Miniaturisation of Electrophysical Techniques for 
Next Generation On-Wing Repair, Adam plans 
to develop technology to offer quick and easy 
repairs for gas turbine engines, which power 
aircraft around the world. Engines can be very 
expensive and time consuming to maintain, 
especially for unscheduled issues, because they 
must often be taken completely off the wing. 

Repairs are currently undertaken using a 
multitude of highly invasive techniques, but 
Adam hopes to make technologies such as 
this portable through miniaturisation to work on 
engines in situ on the wing. 

Contact: Adam Clare
adam.clare@nottingham.ac.uk
www.raeng.org.uk

LBP OPTICS ACQUISITION 
ENHANCES CAPABILITIES
Optics manufacturer LBP Optics is continuing 
its strategy of growth through diversification with 
the purchase of Stevenage based Symons Mirror 
Technology (SMT). SMT is a highly experienced, 
specialist diamond machining company at the 
forefront of the manufacture of optical and high 
precision mechanical components. The purchase 
will enhance both the manufacturing capabilities 
and the product range of LBP Optics. 

LBP Optics Director Paul Maclennan explains, 
“Combining the experience of the two 
businesses was an easy decision. We’ve 
worked closely together for many years and 
I’ve always been impressed with Symons’ 
expertise and product quality. This purchase will 
enable us to open up new markets and develop 
new products to meet customers’ ever more 
demanding specifications.”

Contact: Paul Maclennan
paulm@lbpoptics.com
www.lbp.co.uk

Paul Maclennan (Director, ULO Optics) left; 
Graham Allberrey (Director and co-founder of 
Symons Mirror Technology), right.

LUXINAR OPENS NEW 
OFFICE IN GERMANY
The recently rebranded laser technology 
company Luxinar, previously Rofin-Sinar 
UK, has opened a new regional office near 
Hamburg, Germany. “This is a really exciting 
time for our company as we move into our next 
chapter, building on our heritage to drive further 
innovation in the laser industry as a proudly 
independent business. Although our name has 
changed, the core of our business remains 
the same,” remarks Klaus Leitner, Managing 
Director. 

Contact: Joanna Houldridge
joanna.houldridge@luxinar.com
www.luxinar.com

PAST PRESIDENT LIN LI 
RECEIVES TWO AWARDS
October 2019 was a very successful month 
for Professor Lin Li, former President of AILU 
and Director of Laser Processing Research 
Centre at The University of Manchester. At 
the Laser Institute of America (LIA) annual 
meeting held at ICALEO 2019, he received 
the prestigious Arthur L. Schawlow award in 
recognition of his pioneering research and 
development of laser based manufacturing 
processes, and his entrepreneurial drive and 
vision to commercialise technologies.

Lin Li was also awarded the highly regarded 
2018 Donald Julius Groen Prize from 
the Institution of Mechanical Engineers 
(IMechE) in London, for his “outstanding 
contributions to research and education in 
engineering innovations in mechatronics 
and manufacturing, and in particular for 
his leadership in laser based additive 
manufacturing”.

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

Future Fibre Technologies (FFT), and their 
in-country manufacturing partner, SFO 
Technologies, have selected NKT Photonics as 
their laser partner for a large-scale secure data 
network project in India. In the project, NKT 
Photonics will deliver low-noise Koheras fibre 
lasers to power the FFT-designed fibre-optic 
intrusion detection and location system.

The initial network deployment is projected to 
need in excess of 2,000 Koheras lasers over 
the next 9-12 months. Additional lasers will be 
delivered during the seven-year spares and 
maintenance period following the initial three-
year warranty period.

Contact: Paul Fitzsimons
paul.fitzsimons@nktphotonics.com
www.nktphotonics.com
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BUSINESS NEWS

BCR WINS CUSTOMER 
EXCELLENCE AWARD
BCR Associates has been named winner of the 
Customer Excellence category as part of the 
Business Leader awards which took place in 
Bristol in September.

BCR Associates was recognised for its 
commitment to delivering excellent customer 
service levels and demonstrates a hands-on 
approach to supporting clients with cost and risk 
management. As procurement specialists, BCR 
Associates take a proactive approach to the 
management of energy, telecoms, insurance and 
business supplies contracts, making sure that 
clients are signing the right terms and conditions 
for their business.

Contact: James Isaacs
James.Isaacs@bcrassociates.co.uk
www.bcrassociates.co.uk

ATLAS COPCO - UK 
CENTENARY CELEBRATIONS
It all started a hundred years ago when, shortly 
after WW1 ended, a Swedish diesel engine 
manufacturer, Atlas Diesel, set up a sales office 
in London to sell Atlas Polar Diesel Engines. 
During the 1920s and 30s, Atlas Copco gained 
a foothold in the UK through its supply of this 
vital equipment to the country’s shipbuilding, 
construction and other heavy industries. A 
series of milestones and world firsts followed; 
for instance, in 1955 the first rotary screw 
compressor was delivered to a mine in Sweden. 
A year later, the company acquired a Belgian 
compressor company Arpic Engineering NV and 
became Atlas Copco (Copco is an abbreviation 
of the words Compagnie Pneumatique 
Commerciale).

The company has gone on to  introduce a string 
of revolutionary product innovations which went 
on to have a major impact on energy efficiency in 
the industrial world.

Arron Farghaly
arron.farghaly@atlascopco.com
www.atlascopco.co.uk

TWI TAKES DELIVERY OF 
TRUMPF LMD SYSTEM
TWI’s UK-leading laser cladding research and 
development facility’s newly commissioned 
Trumpf 7040 LMD system is now ready for use.

The specially-commissioned laser metal 
deposition (LMD) machine is the only one of its 
kind in the world and includes 50 micron nozzle 
positioning accuracy across its entire 4m x 2m 
x1.5m work envelope.

The system is equipped with 7 axes, a Renishaw 
touch probe, a dual core LLK and disc laser 
giving automatic spot size adjustment from 
0.7mm to 7mm, and offering unparalleled nozzle 
precision and accuracy and part referencing/
scanning.

The system has expanded TWI’s capabilities for 
its world-leading LMD research and certification 
facility. The system has helped broaden TWI’s 
ability for large-scale repair and additive 
manufacture/3D printing of parts for industry, 
including within the aerospace sector.

Contact: Carl Hauser
carl.hauser@twi.co.uk
www.twi-global.com

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

CYAN TEC OPENS NEW 
PRODUCTION FACILITY
Following a period of sustained growth, Cyan 
Tec opened a new facility in Birstall, Leicester in 
September. The additional capacity will enable 
operational expansion in response to market 
demand and benefit Cyan Tec’s expanding list of 
blue chip customers.

The recently constructed building offers 
increased production space to accommodate 
growth and facilitate customer demand for larger 
advanced manufacturing systems.

The new facility creates further development 
opportunities, with spacious open plan offices 
to accommodate the growing team of highly 
skilled engineers, sales and administration 
professionals.

Contact: Tony Jones
tjones@cyan-tec.com
www.cyan-tec.com

LVD ACQUIRES ITALIAN 
AUTOMATION COMPANY
LVD Company nv has acquired COMPAC S.r.l. of 
Urbino, Italy, an industrial automation solutions 
provider. LVD has been in partnership with 
COMPAC since 2016 to produce automatic 
warehouse systems for numerous LVD laser 
cutting equipment installations in Italy. 

The acquisition expands LVD’s portfolio of 
automation systems for flat sheet and tube 
laser cutting machinery at a time when sheet 
metal fabricators are increasingly automating 
their production processes to improve overall 
efficiency.  

Contact: Neil Osborne
n.osborne@lvduk.com
www.lvdgroup.com

LASERMET OPENS NEW 
CENTRE IN PHILIPPINES 
Lasermet is pleased to announce the official 
opening of the new Research and Development 
Centre based in Cebu in the Philippines. This 
inaugural event took place in October 2019 and 
was attended by the new design team, and 
hosted by the Lasermet Directors at the new 
4,000 sqft facility.  Lasermet’s sales team and 
international distributors from the Middle East, 
the Far East and Australasia came to take part in 
this next step of global expansion for Lasermet.

Paul Tozer, Managing Director of Lasermet, said 
he was excited that Lasermet had reached this 
stage of international development with help 
from his team led by Steve Geldard – Lasermet 
Director and Chairman of Lasermet Inc.

Contact: Phil Jones
phil.jones@lasermet.com
www.lasermet.com
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FEATURE

MEETING THE CHALLENGES OF MICROMACHINING 5G PHONE ANTENNAE

Key components in 5G phones are the 
miniaturised antennae that are smaller and 
physically more complex than those in 
earlier devices. This is due, in part, to the 
shift to a higher frequency (e.g. microwave) 
operation necessary for 5G. Also a key part 
of 5G will be the ability of mobile devices to 
simultaneously exploit signals from different 
transmitters. In a smartphone, this requires 
multiple miniaturised antennae with complex 
2D and 3D shapes. These shapes must also 
support so-called MIMO operation: multiple 
signals in, multiple signals out for the same 
antenna. Existing antennae already support 
2x2 and even 4x4 MIMO function, but 5G is 
looking to increase this type of multiplexing 
further. 

The antennae are fabricated from laminated 
substrates, with a layer of copper supported 
on an insulator (e.g. Liquid Crystal Polymer 
(LCP)) often including a bonding (adhesive) 
layer. During the fabrication process they 
have to be mounted on some type of 
sacrificial tape or other carrier. 

Laser micromachining is the obvious 
choice to perform the necessary cutting/
scribing (scribing involves selective removal 
of layers without damaging the under 
layers). Nanosecond (Q-switched) lasers 
could readily provide the required spatial 
resolution, but not in a single process. The 
problem is that copper and polymer have 
very different ablation thresholds. Optimised 
micromachining requires a laser fluence 
of ~7x the ablation threshold. Increasing 
the fluence toward 10x over threshold and 
beyond does not improve process speed, it 
just increases the width of the cut and the 
extent of the heat affected zone (HAZ). This 
is the material adjacent to the cut, scribe 
or hole that is degraded by thermal effects, 
for example charring in paper and plastics, 
creation of a glassy phase in ceramics, or 
melting in the case of semiconductors. 

With a small electromagnetic device like a 
phone antenna, the HAZ must be minimised 
to avoid functional damage, e.g. melting, 
which could lead to a short circuit. The HAZ 
can also reduce device reliability and lifetime. 
However, if a nanosecond laser process was 

optimised for ablating the copper, it would 
be very difficult to prevent significant HAZ 
damage in the polymer. As a consequence, 
with nanosecond lasers the antennae 
would have to be patterned in two separate 
processes with two different laser setups, 
adding to the process cost and requiring that 
tight registration is maintained throughout. 
Moreover, registration would be difficult 
because of material shrinkage after the first 
step.

Two well-proven ways to minimise HAZ 
are to use shorter (e.g. picosecond) pulse 
widths and/or shorter wavelengths. With ultra 
short pulse (USP) lasers, much of the pulse 
energy is carried away in the ejected material, 
before it has time to spread and cause a 
HAZ. Moreover, although the pulse energy is 
typically lower in USP lasers, they offer much 
higher pulse repetition rates which supports 
processing in fast multiple passes, further 
minimising HAZ issues.

The use of shorter wavelengths, i.e. ultraviolet, 
is also well-known to reduce HAZ effects. 
That is because the high energy photons 
can directly break interatomic bonds in most 
materials, so that some of the material is 
removed in a photolytic process, rather than 
a thermal process. The use of a shorter 
wavelength also supports a larger depth 
of focus, thereby increasing the process 
window. The combination of short pulse 
width and short wavelength therefore make 
the picosecond UV laser an ideal candidate 
for micromachining the copper/insulator 
laminates in this antenna application.

Recently, industrial USP ultraviolet lasers 
have increased in average power, which 
is necessary for high process throughput 
in applications like 5G antennae cutting. 
An example is the Coherent HyperRapid 
NX, which is available with up to 30 watts 

of output at a wavelength of 355 nm. This 
enables scan speeds of several meters/sec 
with typically about 10 passes needed to 
process the latest antenna designs.

The HyperRapid NX includes a novel pulse 
control feature called Pulse EQ, which further 
enhances its capabilities for complex shape 
cutting or scribing where the beam is rapidly 
scanned across the substrate. This inevitably 
involves finite acceleration and deceleration 
rates so that the motion in straight lines is 
faster than the motion around tight curves 
and corners.

This is potentially problematic, since 
excessive pulse-to-pulse overlap can lead 
to thermal accumulation and a HAZ, even 
with the small thermal load created by 
USP ultraviolet lasers. Instead, this new 
pulse control feature allows the pulse rate 
to be controlled in real time: in this case 
by slaving the pulsing to position/velocity 
feedback synchronisation signals from the 
scanners. This ensures that the pulse-to-
pulse overlap stays at the constant amount 
that has been determined to be optimum 
for each application. Just as important, the 
pulse control includes active stabilisation of 
the pulse energy; with older pulsed lasers, 
changing the pulse repetition rate usually 
causes variations in the pulse energy. 

Figure 1 illustrates how this works with a 
single pass with a 30 watt ultraviolet USP 
laser (Coherent HyperRapid NX) on a SiN 
on Si sample chosen to highlight the pulse 
ablation pattern in these microscope images. 

Hatim Haloui & Dirk Müller, Coherent

Contact: Hatim Haloui
hatim.haloui@coherent.com
www.coherent.com

Figure 1: Demonstration of the benefit of active pulse rate control by real time feedback with a 
single pass over a sample of thin SiN on silicon.
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FEATURE 

Scientists at the Laser Zentrum Hannover 
(LZH) have successfully tested a procedure for 
automated deflagration of unexploded bombs 
as part of the project "Safe Deflagration of 
Duds by Laser Technology" (DEFLAG), funded 
by the German Federal Ministry of Education 
and Research. The other partners in this 
project are LASER on Demand GmbH and the 
Kampfmittelräumdienst Hamburg (KRD).

The first step of the technique is to insert a notch 
into the bomb casing using a solid-state laser 
with 2 kW of power. Thereafter the explosive 
is deflagrated in a controlled way. Because the 
system technology is exposed to strong heat 
and pressure, the LZH and its spin-off company 
LASER on Demand GmbH have developed a 
low-cost, 3D-printed laser processing head with 
standard optical components. 

The handling of the ordnance and of the 
explosives in the field trials, as well as the final 
field trial with the 500-pound bomb, were carried 
out by the staff of the Kampfmittelräumdienst 
Hamburg.

The deflagration attempt on the blast site went 
according to plan: instead of a large detonation, 
the chemical detonator popped out of the 
500-pound bomb, the shell exploded along the 
predetermined notch and only a very small part 
of the explosive exploded.

These promising results are now the basis for 
further research projects in order to be able 
to use the procedure as soon as possible. In 
addition, the partners want to adapt the process 
and the system technology for underwater 
use - more than 1.5 million tons of World War II 

ammunition may still be located in the North and 
Baltic Seas.

Contact: Lena Bennefeld
l.bennefeld@lzh.de
www.lzh.de

During deflagration: diffusing an unexploded 
bomb.

Call us on 0800 389 0202 
or email apukinfo@airproducts.com
airproducts.co.uk/laser
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UNEXPLODED BOMB DIFFUSED BY LASER

ARE YOU MAKING  
THE MOST OF YOUR 
AILU MEMBERSHIP?

• Send us your news/press releases/
case studies and we will promote them 
on our website and social media pages, 
and in this magazine.

• Meet new contacts at an AILU 
event and maximising your networking 
opportunities. AILU members receive a 
reduced registration rate.

• List your products and services in 
our online directory so that potential 
customers can find you. We can direct 
enquiries to you too.

• Receive our monthly e-newsletter 
to keep up-to-date with the latest laser 
news and AILU events.

• Advertise your products & services 
on the AILU website, in our newsletter 
or this magazine. AILU members enjoy 
reduced advertising costs.

• Publicise your job vacancies on 
the AILU website and in our monthly 
e-newletter, and reach potential 
candidates.

CONTACT US TO FIND OUT MORE

info@ailu.org.uk

+44 (0)1235 539595
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EARLY CAREER RESEARCHERS

Name: Nesma Aboulkhair

Nationality: Egyptian

Academic history: 

I am an Anne McLaren Fellow in the Centre 
for Additive Manufacturing at the University of 
Nottingham and have been working in the field 
of Additive Manufacturing since 2013. My active 
research projects span across several metal 
additive manufacturing processes, including laser powder-bed fusion and 
high temperature droplet-on-demand jetting of metals. 

In 2015, I was awarded a PhD in the Materials Engineering and Materials 
Design at the University of Nottingham. My PhD focused on the various 
aspects of additive manufacture of Al alloys using laser powder-bed 
fusion. I hold a BSc in mechanical engineering from Cairo University and 
an MSc in Mechanical Engineering with a specialisation in materials and 
manufacturing from the American University in Cairo. I was awarded best 
student manuscript at the Industrial Laser Applications Symposium (ILAS) 
2015. I am also involved in a range of outreach activities to raise the 
public’s awareness about Additive Manufacturing.

Hobbies: My hobbies are reading, hiking, and cross-stitching.

 

SPOTLIGHT ON ECRS

Name: Marco Simonelli

Nationality: Italian

Academic History:

I joined the AM Research Group (now Centre for 
Additive Manufacturing) as a PhD student in 2010. 
I was awarded a PhD in Materials Engineering at 
Loughborough University in 2014 for my work on 
the metallurgy and mechanical properties of Ti-6Al-
4V produced by laser powder-bed fusion. 

As a post-doctoral researcher, I continued to work in the field of metal 
AM and led an industry-funded project on the development of a novel 
drop-on-demand metal jetting 3D printer. I currently hold a Nottingham 
Research Fellowship (NRF) on the “Next Generation Alloys for Additive 
Manufacturing”. By facing the recognition that most of the readily 
available alloys are currently not printable, this programme of research 
aims to develop a new methodology to design and validate novel alloy 
compositions specifically for use in AM. 

Hobbies: My main hobby is playing guitar, I also love playing tennis and 
reading a good book!

CARBON NANOTUBES IMPROVE LASER POWDER-BED FUSION RESULTS

Additive Manufacturing of metals using 
laser powder-bed fusion (L-PBF) entails 
successive deposition and laser scanning 
of layers of metal powder. A 3D structure is 
fabricated through the metallurgical bonding 
of individual scan tracks that form when the 
laser beam melts the powder. One of the 
challenges facing L-PBF processing is that 
some materials have high laser reflectivity, 
low laser absorptivity, and high thermal 
conductivity. These properties result in a poor 
melt efficiency when the laser beam interacts 
with the metal powder since the material 
only accepts a small portion of the delivered 
energy and quickly dissipates it away from 
the melt pool.

L-PBF of aluminium alloys, mainly Al-Si 
alloys, is becoming commonplace 
nowadays. Al in its pure form however is 
very difficult to process due to its low laser 
absorptivity and high reflectivity in the range 
of wavelengths used in the process. The 
Centre for Additive Manufacturing (CfAM) at 
Nottingham, in collaboration with researchers 
at The American University in Cairo, have 
recently demonstrated the success of a 
new approach to tackle this issue by using 

additives to functionalise the metal powder 
in order to manipulate the laser energy within 
the melt pool. 

In this study, pure aluminium powder (low 
laser absorptivity) was decorated with 2% 
multi-walled carbon nanotubes MWCNT (high 
laser absorptivity). The assembly of the two 
elements and the strong bond between them 
ensured effective energy transfer from the 
high absorptivity element (MWCNT) to the 
low absorptivity base material (aluminium). 
This enabled processing the Al powder 
that was unprocessable without the added 
element. Furthermore, the study showed that 
the laser-material interaction resulted in the 
formation of reinforcements different from 
those forming with conventional processing. 
The transferability of this concept to other 
materials is an interesting avenue that is yet 
to be pursued. 

For further information, please consult 
Materials Science and Engineering A 765 
(2019) 138307.

Contact: Nesma Aboulkhair

nesma.aboulkhair@nottingham.ac.uk
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CASE STUDIES

A partnership between Mazak and RADAN 
CAD/CAM software has slashed the time 
taken by a gym equipment manufacturer to 
build a piece of apparatus from two days to 
half a day.

Watson Gym Equipment supplies strength 
equipment to high-end PT gyms for training 
professional and Olympic athletes. Their 
product range of around 200 machines 
is geared towards those where weights 
and weight plates are added, focusing on 
anaerobic exercises to increase strength. 
They are manufactured from sheet metal, and 
box section steel.

Managing Director Simon Watson says a 
partnership between their CNC machine tool 
supplier Mazak, and CAD/CAM specialist 
RADAN, has completely transformed the way 
they now cut that box section steel.

It is all carried out on a Mazak Fabri Gear 
220 ll laser tube cutter, pre-installed with 
Mazak’s FG-CAD/CAM, a software powered 
by RADAN’s laser tube system, Radtube. This 
processes the most complex pipe and box 
section shapes in a fraction of the time taken 
by traditional methods.

“It replaces what we used to do manually, 
which was to take an eight-metre length of 
steel, cut it to the length we needed for the 
component on our piece of apparatus, mitre 
it and put the holes in.” explained Simon 

Watson. Another major advantage is that it 
enables tabs to be created in a style that the 
apparatus can only be right from the start. 
"And it’s so easy to use," continued Watson, 
"I felt quite comfortable doing basic tasks 
after just one day’s training. Within a couple 
of weeks I was completely comfortable doing 
anything.”  

Contact: Stewart Bint
stewart.bint@hexagon.com
www.radan.com   

Contact: Ian White
IWhite@mazak.co.uk
www.mazakeu.co.uk

MAZAK AND RADAN ADD MUSCLE TO GYM 
EQUIPMENT PRODUCTION

Yorkshire Laser, which has a 30 plus year 
track record of making boxes and brackets for 
the automotive and offshore industries, was 
approached by Dutch based start up Skytree 
to make the prototype base plates that will be 
tested in vehicles.

Michael Jones, an engineer for Skytree 
explained: “Our system absorbs CO2 in cars. 
By reducing the amount of CO2 we can improve 
the cabin air quality for passengers and in turn 
reduce the load on the HVAC system.

“We’re in the trial stage and wanted a realistic 
compact box to hold the system.

“I have worked with Yorkshire Laser before. 
The team added value by suggesting design 
modifications which enhance the product,” he 
continued.

Originally used by the European Space Agency 
and inspired by technology used by astronauts 
to re-cycle air they exhaled into space capsules, 
Skytree is looking to commercialise the system 

and make it more accessible for everyday use.

Matt Orford, MD of Yorkshire Laser said: “Our 
core business is making boxes for critical 
industries and new carbon capture technologies 
are a perfect fit. Hopefully it will lead to bigger 
things.”

Contact: Matthew Orford
matt@yorkshirelaser.co.uk
www.yorkshirelaser.co.uk

YORKSHIRE LASER ASSISTS START-UP COMPANY  
WITH CARBON CAPTURE

The most powerful flat-bed laser profiling 
centre to be installed in the UK for 
processing sheet metal has started operation 
at subcontractor ESP Laser Cutting. 
The company specialises in producing 
components from 3 m x 1.5 m sheet in a 
wide array of materials to a thickness of 
30 mm. Bystronic delivered a ByStar Fiber 
3015 to the contract machinist's factory in 
Rotherham in April 2019.

Delivering one-fifth more energy to the metal 
sheet than the previous most powerful fibre 
laser (10 kW), the new source was expected 
to be 20% faster at cutting. 

What ESP's joint owners Steve McMillan and 
Paul Short actually experience is a typical 
productivity increase of one-third. It is partly 
down to the higher power, but also due to 
the provision of a newly designed cutting 
head.

Contributing also to the higher than expected 
efficiency is a cutting plan algorithm running 
in Bystronic's latest BySoft 7 nesting 
and control software that executes the 
most efficient route around the nest. It 
also minimises the risk of cut parts tilting, 
protruding from the material surface and 
interfering with the nozzle, avoiding the need 
to use micro joints and saving even more 
time when the sheet exits the machine by 
making shaking-out of the parts easier.

Contact: Daniel Thombs
daniel.thombs@bystronic.com
www.bystronic.com

BYSTRONIC'S 12KW LASER 
EXCEEDS EXPECTATIONS
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CASE STUDIES

Purex has enhanced its new production 
facility near Hull with a new TRUMPF 
TruLaser 2030 fibre 4kW laser cutter (with 
BrightLine technology) and two TRUMPF 
TruBend 3066 bending machines. The major 
investment came about after the company 
decided to rethink its previous outsourcing 
strategy for stainless steel enclosures and 
bring fabrication in-house.

“For the past 12 years Purex had been 
sourcing all of its stainless steel cabinets 
from a supplier in Italy,” explains Andy 
Easey, co-owner of Purex. “However, with 
the company’s growth in recent times, our 
supplier struggled to keep pace. We therefore 
decided to visit a number of subcontract 
laser-cutting services based here in the UK, 
but could not find any that could match our 
existing supplier on price.  We subsequently 
decided to take another route and, after a 
risk assessment, borrowed £1 million to open 
our own fabrication plant.” 

As is often the way, the versatility of the 
new TRUMPF TruLaser meant it has fulfilled 
a slightly different role than was originally 
anticipated.

“Although we are running stainless steel 
cabinets on the machine, we’ve probably only 
taken about 25% of the business from Italy,” 
explains Andy. “The reason is that we’ve 
found the machine to be excellent for new 
product development, which has opened up 

a number of new markets that are now taking 
up capacity.”

Previously, Purex would design a new 
product in the UK, send it to Italy for 
producing a sample, which would then be 
sent back to the UK for review, before being 
returned to Italy for another prototype, and 
so on. The process in its entirety could take 
months. “Contrast this to using the TRUMPF 
TruLaser and the difference is plain to see,” 
says Andy. “We design it, make it, correct it 
and make it again.” 

Contact: Tom Black
tom.black@purex.co.uk
www.purex.co.uk

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

TRUMPF MACHINES HELP PUREX BRING  
FABRICATION IN-HOUSE

Leading metal fabrication firm Advance 
Engineering has invested in an Atlas Copco 
on-site nitrogen generation system to ensure 
the quality of its laser-cutting operation, 
increase output and make substantial cost 
savings when set against delivered bottled 
gas supplies.

The broad range of output and engineering 
services supplied by Advance Engineering 
is directed primarily towards the food 
processing industry. The company’s growth 
area is in fabrication services, which employs 
its skilled work force in sub-contract laser 
cutting and metal folding operations. In order 
to expand this capability the decision was 
made to invest in new production equipment 
and to seek a more economic source for the 
supply of nitrogen gas.

Laser-cutting metal, particularly stainless 
steel, relies on a supply of nitrogen gas 
as a blanket to prevent burning during the 
process. Purity of the gas is an important 
factor in overcoming the tendency for 
discolouration of laser-cut edges and to 
provide a high-quality finish. Besides these 
technical considerations it was equally 
important to achieve savings on the cost of 
delivered bottled nitrogen supplies.

Anglian Compressors provided the solution 
by installing an all-in-one nitrogen generation 
assembly - the compact Atlas Copco 
Nitrogen N2 8 skid package. This true plug-
and-play system’s 300-bar output of 99.99% 
pure nitrogen, at the rate of 38 Nm3/h, can be 
switched either to receiver storage or high-
pressure bottling in its 16-cylinder rack.

Sam Canfor, Advance Engineering’s Profile 
Manager, summed up the advantages 
conferred by the new generation system: 
“The new unit now gives us a reliable 
independent source of high purity nitrogen 
at the lowest cost. We are in full control and 
have eliminated the need, costs and hassle 
of ordering, transportation and delivery of 
bottled gas to our site."

Contact: Arron Farghaly
arron.farghaly@atlascopco.com
www.atlascopco.co.uk

Austrian eyewear manufacturer Silhouette 
International has adopted new manufacturing 
technologies, and laser welding systems from 
Coherent enable the company to produce some 
of their most advanced designs. For example, 
the Titan Minimal Art (TMA) model was the first 
screw-less and hinge-less eyewear made of 
titanium and was approved for space flights 
in 2000. The absence of screws and hinges 
guarantees safety by minimising the risk of free-
floating objects inside space helmets, breathing 
apparatus, and within the spacecraft.

Silhouette has applied this same hinge-less 
approach to many other designs. In terms 
of manufacturing technology, this drives 
several requirements and with these in mind 
Silhouette chose Coherent to support both the 
development of the manufacturing processes 
and provide the actual production equipment. 
The latest Coherent laser welding system 
acquired by Silhouette is the Coherent MPS 
Rotary (Modular Processing System) for laser 
welding, adapted specifically to Silhouette’s 
needs. 

In terms of economics, the move to laser 
welding has been a tremendous success, 
delivering an overall cost saving in the range 
of 80%. Specifically, laser welding has proven 
better suited to automation, and delivered a 
substantial increase in production throughput. 
Overall, the Coherent MPS Rotary has reduced 
tooling and manufacturing costs resulting in 
improved energy savings, sustainability, and 
productivity. 

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

COHERENT BRINGS A UNIQUE VISION TO REALITY

ATLAS COPCO'S NITROGEN 
SYSTEM CUTS COSTS
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INTERVIEW

LASER TRIMMING TRANSFORMS 
BEVERAGE CAN PRODUCTION
AN INTERVIEW WITH 

BERTY DE JONG – MANAGING DIRECTOR, UNIMAQ   

Q. Can you tell us about Unimaq?

Unimaq is a company 
supplying industrial 
machinery, primarily for high 
speed “decoration” or printing 
onto beverage cans. I started 
Unimaq in 1993, initially 
offering printing (decorating) 
technology consultancy to 
the drinks can industry. After 
a while this developed into 
machine rebuilds and then 
new machinery to apply print 
at high speed and high quality 
onto drinks cans, becoming 
a global leader in this sector 
through the application 

of innovative design 
and extensive industrial 
experience. 

In 2000 I hired my first 
employee and over time this 
has grown to the current 
total of 32 people, covering 
all the functions of a machine 
building company including 
admin, purchasing, design, 
machine operators, fitters, 
assembly and test staff.  As 
the company has grown, we 
have relocated several times 
around the Wrexham area of 
North Wales.

The company now turns 
over around £5 million and 
in 2017-18 grew by 25%.  
Taking our new laser-based 
trimming machinery to market 
should drive our growth 
significantly and allow us to 
satisfy a number of clients 
with a unique solution.

We have an installed base 
of around 70 machines 
worldwide, for which we are 
able to provide spare parts 
and consumables to meet 
the demands of the industry 
around the globe. 

INTERVIEW
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Q. How is an aluminium beverage can made?  

The two-piece aluminium beverage can starts out as a coil of 
aluminium which is punched into discs. These are cupped and 
drawn into the full depth of the can with the correct diameter and a 
dome applied in the bottom for added strength. The can height is 
always formed a little too large and then trimmed very accurately – 
typically within +/- 0.15 mm on length.  

Traditionally, this trimming process has used a ceramic cutting 
blade to trim the end of the can (this technique hasn’t changed 
much in 40 years). After this process, the can is washed and 
varnished then printed on the outside. Finally the top is formed into 
a neck and flanged to go to the company who will fill the can and 
seal the lid on.

Q. How does laser trimming of cans improve  
 the result?    

The printing machines we make are capable of running at 2,000-
2,500 cans per minute - much faster than the trimming process 
which is around 350 cans per minute. We set out to provide a laser 
trimming solution to reduce the waste material and increase the 
throughput of the trimming machinery – we are approaching 450-
500 cans per minute by laser. 

Since the laser cuts without deforming the thin walled aluminium 
can, we can trim the can much closer to the end. This means the 
can length can be reduced over what is required for mechanical 
trimming. The material savings alone could be highly significant 
given the rate and quantity of beverage cans produced. Also, 
another obvious benefit is the non-contact nature of the laser 
cutting process which means that there is no longer an issue of 
wear on the cutting blades.

Q. What were the challenges of the new laser   
 process? 
One of the biggest challenges was to deliver the cans to the laser 
beam and keep them in focus without losing cycle time. Initially 
we had a moving optic which scanned the rotating can during the 
cut, but this presented problems with control. Now we have a fixed 
head with a well-controlled can path – the focus range of the laser 
allows us to get excellent cutting as the can moves through focus 
position without loss of cut quality.  

Q. What is next for your laser trimming system? 

We are ready to put our prototype machine into field trials with 
potential clients. We expect to start sales of the machine in the 
first half of 2020. Most of our machinery, around 95%, is exported 
and the EU is less than 20% of our business. Brexit might mean 
a process change, but we don’t anticipate any major long term 
issues.  

Our business is based on low volume, high value systems and 
having a new machine type will enable us to grow significantly.  
There are other machines on the market offering laser cutting of 
aerosol cans but the speed is quite a lot lower than our system 
achieves, typically running at a much slower 100 cans per minute. 
There are other markets that could use the same technology, like 
two-piece pet food cans – so we see the potential to exploit our 
innovative design. 

Q. Why did you join AILU and what benefits  
 has membership given you?   
We joined AILU over 5 years ago, when we knew we needed to 
get a jump start in our laser know-how, since the laser world was 
completely new to us. After attending a couple of meetings, we 
were able to understand a bit more about the potential in additive 
manufacturing and also most importantly to meet people in the 
laser network to identify suppliers and find technical solutions.  It 
was through AILU that we made contact with SPI Lasers and they 
have provided application support throughout the development 
process. We soon found out that we needed to source cutting 
heads and other parts of the system which came from different 
vendors too.  Being an AILU member means we have a route to 
find answers to any of the application or technology issues involved 
in laser cutting.

Contact: Berty De Jong
berty.dejong@unimaq.co.uk
www.unimaq.co.uk

Being an AILU member 
means we have a route to 
find answers to any of the 
application or technology 

issues involved  

“

”

The material savings alone 
could be highly significant 

”

“
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ANNUAL JOB SHOP BUSINESS MEETING
3 OCTOBER 2019, MINI PLANT, OXFORD

JOB SHOP CORNER

Our Annual Job Shop Business meeting took 
place on 3 October at the Mini Plant Oxford. 
A series of talks about cost saving and risk 
removal was followed by a lively “what’s new” 
session where 6 organisations gave a quick 
run-down of their new products and services. 
There was a live Business Confidence Survey 
with results compared to the same survey 
last year, followed by the annual breakdown 
response survey analysing detailed results 
from TRUMPF and Bystronic against a 
number of measures reviewed annually.

During the discussion forum there was an 
opportunity to talk about Brexit preparedness 
and CE marking of structural steels. With 
over 40 delegates from 30 organisations, 
there was some lively networking and the 
20 people who stayed for the tour of the 
Mini Body Shop were treated to a wolrd-
class tour of the factory.  Over 1,000 cars 
are assembled each day and there are 
around 1,000 robots – an impressive level of 
automation where 90% of all tasks are carried 
out automatically.  Laser welds on the car 
doors were pointed out and with a new car 
rolling off the line every 60 seconds, the Mini 
Plant is a success story for BMW, Oxford and 
the UK.   

Contact: Dave MacLellan
dave@ailu.org.uk
www.ailu.org.uk

LASER PROCESS INVESTS 
IN THE FUTURE
Jonathan Horne, MD of Laser Process writes, 
"Laser Process is very keen to promote 
local relationships that make/strengthen the 
foundation of our business. Our personal 
connections and contribution to our local 
community in relation to local schools, colleges 
& universities is key to the future of our business. 
Therefore, we are very keen on Modern 
Apprenticeships and have recently taken on 
three more young local people on this scheme.

There’s also evidence that employing apprentices 
can improve the productivity of your business, 
with recent research demonstrating both short 
and long-term gains. A recent study carried 
out for the Centre for Economics and Business 
Research found that, on average, each 
apprentice brings a gain in productivity of more 
than £10,000 per year for their employer, with 
figures in some sectors being even higher than 
this.

As well as boosting productivity, apprenticeships 
can also help companies to compete in the 
marketplace. Industry research tells us 77 % 
of employers agree that taking on apprentices 
helped to make their organisations more 
competitive. In other areas it was found that 
more than 8 out of 10 customers prefer to buy 
from companies which employ apprentices."

Contact: Jonathan Horne
JEH@laserprocess.co.uk
www.laserprocess.co.uk

EFFICIENCY INCREASED 
AT CIRRUS LASER
Following the implementation of Cirrus Laser's 
new M1 Enterprise Resource Planning software, 
its project delivery and lead times have been 
successfully reduced. This new tool has meant 
Cirrus Laser is now more efficient in planning 
projects and completing the work with improved 
customer communications. 

Contact: Dave Connaway
info@cirrus-laser.co.uk
www.cirruslaser.co.uk

SSC LASER CUTTING 
BRINGS DESIGN TO LIFE

Sub-contractor SSC Laser Cutting recently took 
on a job requiring precision, quality and reliability. 
The company was approached by artist Remco 
Kingmans who creates metal perspective 
sculptures and metal wall art.

Remco had designed a detailed metal lion 
measuring 300 mm x 275 mm - slightly larger 
than an A4 piece of paper. The artwork had 
5242 pierces (the number of times in which the 
laser had to penetrate the material to start a new 
cut), which in such a small area can be really 
difficult to produce. 

Contact: Andy Hume
andy.hume@ssclaser.co.uk
www.ssclaser.co.uk
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Brexit

Yay, another rollover! Well that’s normally what people think 
about the lottery, not so much when it comes to Brexit. 
The latest deal, another extension and now an election 
just means more delay, uncertainty and pain. The only 
overwhelming opinion about Brexit is that we are all quite 
bored of it. 

The election is just the next instalment of the gripping 3 year 
saga we have been enduring. Expect politicians to claim 
they will magically have more money than one another to 
lavish upon the various under-funded institutions of the 
nation, with the NHS used as the central pawn. In reality 
everyone knows there’ll be no extra funding and will vote 
based upon what they think each party is going to do about 
Brexit, but still having no clue. Can’t wait !

Job Shop at the MINI Plant

October saw this year’s Annual Job Shop meeting at the 
Mini plant in Oxford. As always it was a highly successful 
meeting. There was plenty of info for everyone with very 
useful talks and discussions. Personally think I will be 
saving £13,000 for my company on a tip gleaned during 

the day regarding quality certifications. The latest laser 
technology was presented and there is always something 
new to learn about. If that wasn’t enough, this year the day 
was completed with a tour around Mini’s Body-In-White 
assembly facility. Over 1000 robotic arms were going about 
their surprisingly quiet work of churning out all types of Mini 
bodies with beautiful grace and efficiency. It was hard to 
come away without being highly impressed and inspired.

The Job Shop meeting was awash with the leading figures 
of the subcontracting world, so if you missed the annual 
meeting you really are missing out on something special. It’s 
a great opportunity to meet other people in the industry, find 
ways to save money and learn about the latest technology. I 
know it is hard to get out of the office, but you never know, 
that one day in the year could make such a difference. If you 
didn’t make it I hope to see you there next year. How can 
you afford to miss it?

Mark Millar

mark.millar@essexlaser.co.uk
www.essexlaser.co.uk

CHAIR’S REPORT

YOU CAN'T AFFORD TO MISS THE 
JOB SHOP MEETING...
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lasermet.comlasermet.comMeet us on stand A1247 +44 (0) 1202 770740       sales@lasermet.com

This document certifies that the quality management systems of

LASERMET LIMITED
Lasermet House, 137 Hankinson Road, Bournemouth, Dorset  BH9 1HR

have been assessed and approved by QMS International Ltd to the
following quality management systems, standards and guidelines:-

ISO 9001 : 2008

The approved quality management systems apply to the following:-
THE PROVISION OF LASER SAFETY TESTING, TRAINING, CONSULTANCY AND OTHER

RELATED SERVICES.  FULFILMENT OF RAD CONTRACTS IN THE FIELD OF OPTICS AND
OPTICAL MEASUREMENTS.  MANUFACTURE AND SUPPLY OF LASER SAFETY PRODUCTS.

SUPPLY OF RESONANT SCANNERS AND OTHER RELATED LASER COMPONENTS.

Original Approval: 06 May 1998

Current Certificate: 06 May 2018

Certificate Expiry: 05 May 2021

Certificate Number: 14125056

On behalf of QMS International Ltd

This Certificate remains valid while
the holder maintains their
management system in

accordance with the published ISO
standard. To check the validity and
status of this certificate please visit

www.IRQAO.com or email
status@qmsplc.com

This Certificate is the property of
QMS International Ltd and must

be returned in the event of
cancellation.

ISO 9001 REGISTERED

Laser Testing ISO 9001
Lasermet - for all your laser safety needsChicago, Nov 11-14 2019

Laser Safety Cabins 
 

Laser Blocking Curtains, Roller Blinds and Doors

THE LASER USER
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HYBRID WELDING

LASER BEAM-ARC HYBRID WELDING 

INCREASES PRODUCTIVITY 
JAN PITZER  
In many companies, laser-beam welding 
and hybrid laser-gas metal arc welding 
(GMAW) are still regarded with some 
scepticism. Arguments against the 
implementation of this technology include 
high investment costs and a lack of know-
how in the application of laser technology. 
These (and other) arguments are important 
decision factors for capital investment in a 
new manufacturing technology. However, 
there is considerable potential for highly 
efficient industrial laser welding production 
processes - the following case studies 
show how two companies were able to 
reduce their production costs after making 
a relatively cost-intensive investment in 
laser technology.

Laser and laser-GMAW-hybrid technology 

For the majority of joining applications, 
deep penetration welding (as opposed to 
heat conduction welding) is state-of-the-art 
technology. The energy of the laser beam 
is focused to a very small focal point (about 
0.5 mm in diameter). The high energy density 
causes the material to be heated locally, it 
melts, then partially evaporates and a keyhole is 
generated. This keyhole is moved by a motion 
system (for example a robot) through the material 
and leaves a fine, deep seam with a very small 
heat affected zone behind it. 

Laser-only welding relies on very precise edge 
preparation of the components, because the 
laser beam does not allow for gaps between 
the edges to be joined. The laser-GMAW hybrid 
process is normally easier to handle at this 
point, because the GMAW arc puts additional 
filler metal in the weld pool, which favours gap 
bridging. In addition, the GMAW-component 
opens up the heat-affected zone again slightly, 
which has a positive effect on the cooling and 
on the metallurgical properties of the work piece 
(Figure 1).

As a rule of thumb for a standard structural 
steel, for every millimetre of material penetration, 
a laser power of about 1 kW is required. This 
method can be used for thin sheets (e.g. 3 mm 
aluminium) as well as thick plates (e.g. up to 
15 mm steel).

Laser-hybrid welding in shipbuilding 

The shipbuilding industry was a quick adopter 
of laser-GMAW hybrid technology. It is used not 
only for longitudinal seams to produce huge 
steel panels up to 30 m in length, but also for 
welding Holland-profiles – the reinforcement 

plates for section platforms. This means that 
fixing these profiles can be fully automated, 
and the weld has to fulfil the highest quality 
requirements – especially concerning heat 
input and deformation. If the floorboards are 
perfectly flat after welding, the Holland-profiles 
can be pressed onto the panels automatically 
and welded. The laser GMAW-hybrid-head 
then welds the joint to the complete panel. The 
seams in this case can be 30 m and longer.

Case study: TMS uses future technology 

As a manufacturer of high-quality steel, stainless 
steel and aluminium components, TMS relies 
on a highly flexible manufacturing technology. 
The heart of that two-station welding machine 
is a 6-axis robot under a C-stand, which itself 
stands on an 8 m long floor rail (Figure 2). This 
allows components up to 4 m wide to be welded 
3-dimensionally. The robot carries a specially 
designed laser-GMAW hybrid welding head 
and positions the focus of the 6 kW laser beam 

to within a few tenths of a millimetre from the 
required seam. An online laser sensor enables 
the welding head to follow the seam contour 
exactly.

Another sensor, the "laser-spy", ensures that the 
laser beam is automatically switched off in case 
of danger. The laser head itself has a spherical 
sensor, or scan-tracker, including a motorised 
zoom collimation, which sets the focus position 
to the required position on the sheet. In this way, 
an additional parameter is generated, which 
further increases the adjustability of the process. 
Laser-only technology has been proven, 
especially in the field of thin material. Here, 
similar to the TIG process, only the workpiece 
edges were fused together and added with the 
external cold wire filler metal if necessary. In this 
way, a relatively low energy welding process is 
generated which causes high welding speed and 
minimal heat deformation.

Case Study: Manitowoc puts a laser welding 
system at the heart of manufacturing 

One of the most challenging concepts that 
CLOOS has dealt with is the realisation of a 
laser cell for welding, cutting and marking of 
telescopic mobile crane booms. This involved 
modernisation of an existing production process 
rather than a new or additional production 
plant delivery. Until recently, mobile crane parts 
made of high strength steel were welded using 
the submerged arc process. One of the big 
advantages of this process is that if the correct 
parameters are chosen, the submerged arc 
welding process provides a secure weld seam 
and due to its high deposition rate, is highly 
economical and gives high quality results.

A high welding speed with reliable process 
control is highly desirable. Clearly, a high welding 
speed increases productivity because more filler 
metal is assimilated in a shorter time. However, 
especially in high-strength steel applications, 
low linear energy welding (resulting from the 
high welding speed) plays an essential role in 
the metallurgical properties of the connection. 
Because of this, deformation can be kept low, 
and subsequent steps to correct the deformation 
can be omitted. 

Some of the disadvantages of submerged arc 
welding are, for example, the comparatively 
complex machine construction required, the 
need for a powder supply and the fact that 
that the welder cannot see the arc during 
welding. Consequently, the welder can only 
verify the result of the weld at the end of the 

Figure 1: Principle of laser-MIG hybrid welding 
process with depth effect.

Figure 2: 6kW laser-GMAW hybrid welding 
system with C-stand on a 8m floor chassis with 
two separate welding stations.
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procedure. In addition, the component has to 
be welded in gravity position and has to be 
rotated several times about 180o longitudinally, 
in order to minimise deformation. Furthermore, 
this technique subjects those in the working 
environment to increased exposure to dust, dirt 
and powder particles.

During the planning phase of this project a 
concept was developed that changed the 
technology from the submerged arc method 
to laser-GMAW hybrid technology. After a few 
weeks, the welding plant, which consists of a 
brick built laser-safety cell with upstream and 
downstream floor chassis, with a total length 
of 65 m, was installed in the factory. The robot 
depends on a portal bridge that can handle 
parts with a length of up to 19 m and weight 
of 15 tons. The boom is manually fixed on 
the transport carriage and moved into the cell 
(Figure 3).

An online laser sensor mounted at the laser 
hybrid head is used to locate the seam, which 
is fixed in a horizontal position. Since the sensor 
is arranged directly in front of the process, it 
also ensures that the laser beam compensates 
tolerances of weld preparation and thus 
guaranties the safe operation of the beam in the 
square butt-joint. In this way telescopic boom 
parts can be welded with a single layer and 
welded on both sides in a horizontal position, 
with a length of up to 19 m and material 
thicknesses between 6 and 12 mm (Figure 4).

With this technology the welding speed can be 
increased from about 60 cm/min up to more 
than 150 cm/min. The potential savings based 
on additional innovations in manufacturing 
technology are much higher than the cost of 
the investment. The change from the classic 
V-joint for the submerged arc process, with 
a corresponding opening angle of 60o, to a 
butt joint without any opening angle, had the 
effect of a significantly reduced consumption of 
additional filler material. Within the first 9 months 
of production, the company had reduced the 
cost of the filler metal and powder by more than 
150,000 euros. 

Since the weld is mostly composed of base 

material, the customer used less of the 
expensive high-alloy filler material. Moreover, 
during the laser hybrid welding in horizontal 
position no seam backing was necessary. 
Backing pieces made from 16 m long copper 
bars are costly (2 backing pieces for every boom 
segment and about 0.90 Euros per metre) – 
but also the manual preparation of the boom 
before welding can begin is labour intensive.
More than 33,000 metres were seam welded. 
These improvements justified bringing external 
production that had previously been outsourced 
back in-house.

The laser system is equipped with an automatic 
tool changer. After the welding program, the 
robot places the laser hybrid head in the tool 
station and grabs a separate cutting head. 
Without repositioning, the cutting head makes 
precise features in the boom. With reduced 
power the same cutting head can also be used 
for laser marking operations. What previously 
took several hours manually, now typically 
takes less than 20 minutes. This means not 
only a significant increase in efficiency but also 
improved working conditions for employees. 

Another important finding is the need to 
synchronise the entire production chain. The 
implementation involved planning to ensure 
that the change of seam preparation was 
co-ordinated with the changeover from the 
submerged arc to laser hybrid process. 

The designers initially had to be convinced 
that the small, barely visible laser-hybrid seam 
exhibits not only the same, but even higher 
strength properties than the previously generated 
larger submerged arc seam! The old slogan 
“bigger is better” doesn’t apply in this case.

Summary

Laser-beam GMAW-hybrid welding is not only 
an innovative emerging joining technology 

distinguished by rapid welding speed and high 
process stability - it also has great potential 
for improved quality and efficiency. Without 
doubt, the process provides a completely new 
production technology, requiring an amount of 
experience and know-how. Investment in a laser 
system is usually comparatively high. Assuming 
an average laser power of 12 kW, one can 
roughly expect an investment of 33,000 Euros 
per kW laser power. However, our examples 
show that the acquisition cost represents only 
one side of the economic analysis. The effort 
required, benefits gained and the amortisation 
time must be compared in order to make an 
informed investment decision. The saving 
potential by eliminating seam preparation or 
by significantly higher welding speed or even 
by reduced consumption of auxiliary materials 
as well as the savings due to the reduced 
deformation and the reduced rework, allow the 
amortisation of such a system within a year. 

The metallurgical advantages of the method 
and the versatile application range using laser 
optics for welding, cutting and marking make the 
method an interesting alternative to previously 
established welding processes.

In summary, there is now a wide variety of 
different welding processes for practical use, 
and one of those is the laser hybrid process. 
This process is viewed with some scepticism 
by many business operators. However, this 
technology opens up new possibilities to raise 
productivity, enabling companies to succeed 
in the global market against international 
competitors. One needs to have the courage to 
explore new technologies to be successful in the 
long term.

Contact: Jan Pitzer
jan.pitzer@cloos.de
www.cloos.de

Jan Pitzer is Group Leader for Application Engineering 
& Manual Welding at Carl Cloos Schweißtechnik GmbH.
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Figure 3: Laser MIG hybrid system for welding, cutting and marking 
of mobile crane booms.

Figure 4: Laser-GMAW hybrid head with upstream line 
laser sensor in horizontal position on the workpiece.
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HYBRID WELDING

LASER STABILISATION OF GAS 

METAL ARC WELDING OF TITANIUM 
GONCALO PARDAL ET AL.*  
Gas Metal Arc Welding (GMAW) of titanium 
is not currently used in industry due to 
the high levels of spatter generation, the 
wandering of the welding arc and the 
consequent waviness of the weld bead. 
This article, a summary of a longer paper 
[1], reports on the use of laser welding in 
conduction mode to stabilise the Cold Metal 
Transfer (CMT), a low heat input GMAW 
process. The stabilsation and reshaping of 
Ti-6Al-4 V weld beads was verified for laser 
hybrid GMAW bead on plate deposition. 
The laser beam was defocused, used in 
conduction mode, and was positioned 
concentric with the welding wire and the 
welding arc (CMT).

Finally, the results obtained for bead-on-
plate welding were applied to an additively 
manufactured structure, in which a laser-
hybrid stabilised sample was built and then 
evaluated against CMT-only sample.

Titanium is highly utilised by the aerospace and 
aviation industries. These industries use very 
expensive subtractive techniques, e.g. milling 
or turning, to make final components, with loss 
of material of nearly 90% in swarf during the 
manufacture of some components [2]. 

A shift in this paradigm is being introduced 
by the use of additive manufacturing (AM) 
techniques; these can increase the usage of 
titanium by adopting the layer-by-layer approach, 
thus eliminating or minimising material waste.

This article discusses the issues faced with 
GMAW of titanium (Ti-6Al-4V) in order to 
introduce it as an alternative arc technology 
for the deposition of titanium by Wire plus Arc 
Additive Manufacture (WAAM). This freeform 
metallic AM process uses a welding procedure 
and a robotic manipulator to make near-net-
shape components, layer by layer. 

Our work explores the possibility of using a 
continuous wave fibre laser to stabilise the Cold 
Metal Transfer (CMT) single and multiple-layer 
depositions of Ti-6Al-4V. CMT welding was chosen 
for the hybrid laser-arc welding process due to its 
current application in WAAM of steel and aluminium 
components. It is used because of its low heat 
input and consequent distortions and relative high 
deposition rate when compared to other methods. 

The influence of the hybrid process (laser) on the 
geometric aspects of the CMT weld beads and the 
possibility of application of this hybrid technique 
to manufacturing of WAAM components is also 
evaluated.

Experimental Procedure

The detailed experimental procedure is 
described in [1}. In summary, the welding torch 
was perpendicular to the substrate and the 
contact tip to workpiece distance was constant 
at 13.5 mm. A Ti-6Al-4V welding wire of 1.2 mm 
diameter and matching 8 mm thick Ti substrate 
were used throughout the experimental work.

A continuous wave IPG fibre laser with 8 kW 
of maximum power was used out of its focal 
position to achieve a 5 mm beam diameter. The 
laser beam was concentric and aligned with the 
centre of the welding arc (Figure 1). The angle 
between the laser beam and the baseplate 
was set at 35°. A 200 mm long trailing shield, 
providing pure argon with a flow rate of 40 l/
min, was attached to the CMT welding torch to 
prevent oxidation of the deposited metal.

Results

Weld bead stability

The CMT transient waveform is composed of 
two different pulses per cycle, one with lower 
current, corresponding to the short circuiting 

phase, and a second one where the current and 
voltage are higher during the arcing phase of the 
waveform.

To evaluate the stability of the full weld, scatter 
plots of the voltage and current were generated 
for all the transient points recorded for the entire 
weld bead (Figure 2). The short circuiting phase 
has lower values of current and voltage and 
is depicted by the lower elliptical area of the 
plots (Figure 2a – area A). The arcing phase has 
higher values of current and voltage and so it 
is depicted in the voltage current plots by the 
elliptical area closer to the top of the graphs 
(Figure 2a – area B). 

The plots reveal some instability in the two first 
welds due to the higher scatter in area B of 
(Figure 2a and b). This shows that either when 
the laser is not in use, or the laser energy is 
low, the welding process is not completely 
stabilised. With the increase of the laser power 
density, the instability disappears and the scatter 
in the plots is reduced, showing better stability 
of the arc parameters (Figure 2c to f). The 
maximum voltage of the ellipse B decreases with 

Figure 1: Experimental setup of the hybrid laser-CMT welding process a) schematic representation, 
b) picture from the experimental setup. 

Figure 2: Voltage and current scatter plots with the increase in laser power density a) 0 kW/cm2, b) 
5.1 kW/cm2, c) 7.6 kW/cm2, d) 10.2 kW/cm2 e) 12.7 kW/cm2, f) 15.3 kW/cm2  g) 17.8 kW/cm2.
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the increase in laser power. When the power 
density increases to its maximum (Figure 2g), 
the scatter plot loses the two elliptical shapes, 
showing the loss of stability of the process in the 
arcing phase of the waveform and an increase 
in spatter was also noticed in this particular 
sample. This could be due to the formation of 
a keyhole by the addition of the laser and arc 
energy.

Weld bead geometry

The weld bead shape changed considerably 
with the increase of power density, showing that 
reshaping is possible (Figure 3). There was also 
a decrease in the weld bead’s contact angle, 
revealing a better wetting of the substrate.

Deposition rate

The introduction of laser energy reduces 
the voltage of the main arcing phase. As a 
consequence, and to maintain good welding 
conditions, the power source is increasing the 
wire feed speed to cope with the changes in 
heat input transferred to the work piece, thus 
effectively increasing the deposition rate of the 
process. A minimum deposition rate of 1.53 kg/h 
was obtained for a simple CMT welding process; 
the maximum deposition rate of 1.95 kg/h was 
obtained for the hybrid process using a power 
density of 15.3 kW/cm2 (Figure 4).

Multiple layer deposition

The same approach was applied to multiple 
layer deposition to understand whether the 
same results can be obtained for additive 

manufacturing of Ti-6Al-4V. Results showed that 
the deposition and heat input parameters were 
very consistent during multiple layer deposition. 

Figure 5 a) shows the typical waviness due 
to arc wandering in CMT welds in all of the 
deposited layers. On the other hand Figure 5 
b) shows a stable deposition in all layers. The 
waviness present at the side of the wall in Figure 
5a) is the main reason that CMT welding is not 
used in WAAM, as it decreases the effective 
wall width. The wall that was stabilised by the 
laser has lower height and is wider than the 
non-stabilised wall. This can be explained by the 
higher combined heat input of the hybrid laser-
CMT building process compared to that of the 
single CMT process. The presence of columnar 
grains at the cross-section of the wall produced 
by hybrid laser-CMT process reflects the higher 
heat input present during this build. Donoghue 
et al., [3] observed a correlation between the 
columnar grains and the heat flow for WAAM 
process of Ti-6Al-4Al.

Conclusions

This work shows that not only is it possible 
to stabilise a CMT titanium weld using a fibre 
laser in conduction mode, but it is also possible 
to change the geometry and increase the 
deposition rate of the CMT process. This work 
also shows that all the characteristics found 
for single layer process are also transferable to 
multiple layer deposition.

In summary the main findings of this work are:

• The stabilisation of CMT welding of Ti-6Al-4V 
can be achieved by using a laser concentric 

with the arc and defocused on the substrate; 

• The concentricity of the laser beam and 
the welding wire can simplify the tool 
path creation for AM manufacturing when 
compared with other deposition methods. 

• The hybrid laser-CMT process can be used 
to modify the weld bead shape or geometry 
of the deposited metal for single and multiple 
layer deposition; 

• The deposition rate of the CMT increased 
by 27% when the laser is added into the 
process.
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Figure 5: Cross sectional metallographic samples and side views for a) and 
c) multilayer CMT deposition and b) and d) multilayer CMT laser hybrid 
deposition.

Figure 3: Contact angle measured with the 
increase of laser power density, for single layer 
depositions.

Figure 4: Increase in deposition rate with the 
increase in laser power density.



20

ISSUE 94 AUTUMN 2019 THE LASER USER

PRODUCT NEWS

20

LASER WELD MONITORING

NEW SYSTEM DEVELOPMENT FOR 

LASER WELD PROCESS MONITORING 
CHRIS ALLEN ET AL.*
Laser welding can offer significant 
advantages bringing low distortion and high 
performance to joining, when manufacturing 
high value, safety critical assemblies. 
Nevertheless, tight process tolerances can 
make maintaining weld quality a challenge. 
Small changes in part preparation, 
cleanliness, position and fit-up, or drifts in 
processing parameters can quickly result 
in weld defects. TWI has recently worked 
with Permanova Lasersystem AB, Bit Addict 
and GKN Aerospace Engine Systems to 
develop and evaluate the performance of 
a novel system capable of seam tracking 
and multi-sensor process monitoring, for 
fault recognition. The goal is to reduce the 
current post-weld inspection burden on 
fabricators of laser welded structures for 
industrial applications.

Work carried out

Using process data from multiple sensors 
is already recognised as the way forwards 
for monitoring – and thus controlling – the 
complexities of laser welding. Having a 
camera in the suite of sensors is particularly 
attractive. Cameras can be relatively compact, 
low-cost, and give a direct, coaxial and often 
readily understandable view of the process. 
Simpler cameras are normally blinded by the 
intense visible light emitted from laser welding. 
Wavelength- and/or temporal-filtering can be 
used, but these inevitably reduce the information 
that can be extracted from the resulting images. 

When using a narrow bandpass filter, the 
interaction zone between the beam and the 
material being processed can be illuminated with 
high intensity light emitting diodes (LEDs).

Figure 1 shows the laser welding head that 
was developed by Permanova, capable of 

imaging the processing zone using a standard 
complementary metal-oxide-semiconductor 
(CMOS) camera when using an appropriate 
bandpass filter. Analysis software for the camera 
images was developed by Bit Addict. The seam 
location can be resolved and detected in such 
images. The co-ordinates of its location can then 
be fed to a side-to-side actuator, for real time 
seam tracking.

The main focus of this work however was 
the use of the camera images as a source 
of process monitoring data. Image analysis 
routines have been developed by Bit Addict to 
extract the area, aspect ratio (or circularity) and 
centre co-ordinates (in x and y) of the bright 
pixels associated with the point where the 
beam impinges on the material being welded. 
Additional areas of bright pixels, e.g. from weld 
spatter being ejected from the keyhole, can also 
be detected and quantified.

This software was developed to run and report 
these algorithms in real time, along with options 
to monitor and record additional data coming 
in from other process sensors, as well as any 
changes in the temperature of the optics, or 
scattering of any light by contamination of the 
cover glass. In this work, photodiodes were used 
alongside the camera to monitor the intensity 
of any back-reflected 1 µm wavelength laser 
radiation, as well the visible process light itself. 

Iterative butt welding trials were carried out 
on aerospace-grade titanium (Ti) and nickel 
(Ni) alloys. These trials helped to develop an 
understanding of the relationships between 
monitored signals and changes in welding 
process behaviour. A number of changes were 
deliberately introduced during welding. These 
included: 

• using contaminated cover glasses 

• welding over wide joint gaps 

• welding at the wrong focus position 

• welding with incorrect gas shielding settings 

• welding at too low a laser beam power 
(leading to loss of weld penetration)

• welding the wrong material thickness (also 
leading to loss of weld penetration)

These trials then identified which signals could 
most usefully be developed to automatically alert 
the operator to changes in the welding process, 
and thus to weld defects.

Preliminary results

Initial results showed that a number of changes 

in the equipment, materials being welded or 
process parameters led to changes in the 
camera images. A change in gas shielding 
settings was one of the few parameters 
investigated that, although affecting weld 
quality, did not bring about such an easily visible 
change. Instead, significant increases in the 
levels of process light were detected using a 
photodiode.

Preliminary findings showed that the coaxial 
imaging used could detect cover slide 
contamination, unacceptably large joint gaps, 
incorrect beam focus settings or the loss of 
weld penetration arising from a loss of power or 
an unexpected increase in material thickness. 
Conversely, complementary photodiode 
monitoring of visible process light was needed to 
detect correct set up of weld pool gas shielding.

Image analysis of coaxial camera images

Development work then took place to determine 
which of the image-related changes described 
above could be detected automatically using 
image analysis.

Figures 2 and 3 show two examples of how 
image features, extracted using image analysis, 
changed as a result of cover slide contamination 
or a change in laser beam focus position, 
respectively. In both instances this led to a 
reduction in process stability, from either the 
associated reduction in laser power arriving at 
the material surface (with increasing cover slide 
contamination) or the association reduction in 
laser power density (with a change in beam 
focus position). The aspect ratio of the image 
also changed when changing the beam focus 
position, leading to a more elliptical image. 
These changes were associated with variations 
in weld bead width and an increased level of 
spatter. These results showed that monitoring of 
image features could be used, indirectly at least, 
to detect weld defects.

Figure 4 shows how the monitored positional 
stability of the image could be detected on loss 
of penetration. Corresponding increases (not 
shown) were also seen in the monitored value, 
and its noise level, of the aspect ratio of that 
same image.

Validation of monitoring

As a test case, monitoring was used to detect 
weld defects automatically. To develop this 
detection capability, welding experiments were 
carried out on wedge-shaped coupons of 
changing thickness. The image’s aspect ratio 

Figure 1: Laser welding head with built-in LED 
illumination, developed by Permanova.
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and centre position were monitored, as was the 
amount of visible back-scattered process light 
(using a photodiode). Running averages of these 
variables were compared against user-defined 
limits, which had been determined in advance 
using training coupons.

These comparisons showed that monitoring the 
image’s aspect ratio proved the most reliable 
method of detecting whether full penetration was 
being achieved or not during the welding of a 
given coupon. A flag was set to trigger (changing 
from 0 to 1) when the aspect ratio fell below the 
pre-set lower boundary value, indicating loss of 
full penetration.

Figure 5 shows the result from one such 
experiment, comparing the cap and root profiles 
of the run with the aspect ratio of the camera 
image and the associated flag. As is seen in the 
figure, the flag triggers just prior to the weld root 
starting to narrow, and remains consistently high 
thereafter, as full penetration becomes unstable 
and is then lost. To demonstrate reproducibility, 
the distance along the length of a series of runs 
when triggering takes place was compared 
with the corresponding changes in weld root 
behaviour. In spite of some coupon-to-coupon 

variations, this flag reproducibly detects the loss 
of full penetration reliably.

Conclusions

A new process monitoring laser welding tool has 
been developed, and through a combination 
of LED-based process zone illumination, and 
coaxial imaging using a matching narrow 
bandpass filter, images of a sufficient quality 
have been achieved.

Features of the image, including its area, aspect 
ratio and centre position can currently be 
determined every 10 ms. This new tool shows 
promise in the automatic detection of a range 
of key scenarios which would lead to significant 
lengths of defective weld.

The development of such tools in the future 
can lead to a reduction in the requirements on 
post-weld NDT, easing manufacture of more 

critical components. This will be a step forward 
in promoting the uptake of laser welding, and 
helping to reduce its operational costs.
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Figure 2: Change in x co-ordinate of image centre over the course of four 
welds, with increasing cover slide contamination.

Figure 3: Plots of x co-ordinate for three experiments with 
optimum beam focus setting (top) and non-optimum (bottom).

Figure 4: Increase in instability of x co-ordinate of image centre for 
three experiments welding over a step increase in material thickness, 
resulting in loss of full penetration.

Figure 5: Welding of wedge-shaped coupon (top) resulting in progressive root 
narrowing, instability and loss of penetration. Corresponding reduction in image 
aspect ratio value, and increased noise (bottom left). Associated flag behaviour, 
compared to the behaviour of the weld root (green, yellow and red lines).
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One hundred and forty years after 
Scotsman James Ballantyne Hannay’s first 
attempt to synthesise diamond, artificial 
diamonds are no longer indispensable 
in today’s industrial world. But, since 
diamond is the hardest material on earth, 
manufacturing of diamond tools takes time. 

Diamonds can only be ground or polished 
in a time-consuming process using other 
diamonds - or a laser. As a photonic tool 
the laser is contactless, and no mechanical 
contact means no wear. So diamonds can 
be processed with high precision using the 
laser at almost zero tooling costs. Also, 
using the latest developments in green 
laser technology, manufacturing times of 
synthetic diamond tools can be decreased 
significantly, combining the diamond 
shaping and grinding processes into one 
single manufacturing step (Figure 1).

Artificial diamonds have been grown since 1954, 
when Tracy Hall of General Electric was able to 
produce them on a reproducible level for the 
first time. They are made from the same material 
as natural diamonds -pure carbon- using a 
high pressure and high temperature process 
or a Chemical Vapor Deposition procedure. 

Nowadays artificial diamonds even reach 
jewellery stores, synthetically grown to a purity 
that can exceed that of natural diamonds [1]. 
In 2018, 2.6 million carats of artificial diamonds 
have been grown, 70% of them for non-gem 
applications. And the journey is just beginning: 
synthetic diamond production is predicted to 
multiply 100-fold in the next 30 years (Figure 2, 
[2]).

These breathtaking numbers are driven by a 
constantly increasing demand for rough diamond 
and a constant decrease in the supply of mined 
diamonds. The world is slowly but steadily 
running out of natural diamonds and mining is 
getting increasingly difficult, being time- and 
especially energy-consuming. 

Another factor that drives the production of 
artificial diamonds is the environmental footprint, 
which is much smaller than that of mined 
diamonds. As an example, the generated CO2 
emissions of an artificial diamond are 2 million 
times less than those of a mined diamond. 
Finally it is our modern high-tech world, with 
its never ending effort to optimise devices and 
speed up manufacturing processes, that drives 
the overall demand for diamonds and diamond-
based precision tools.

Diamond tools enable aluminum removal 
rates of more than 270 cm³/s

Whereas many synthetic diamonds are directly 
used in saw blades, cutters and grinding wheels, 
polycrystalline diamond (PCD) inserts are widely 
used for milling of metals, alloys, composites, 
plastics, cast iron, ceramics and even tungsten 
carbide. 

The main demand for metal processing using 
synthetic diamond is the milling of aluminium, 
where removal rates of more than 270 cm³/s 
(1000 in³/min) have been achieved [3]. The key 
components of these high-speed milling heads 
are small PCD inserts, based on a polycrystalline 
diamond compound (Figure 3).

To produce such compounds, diamond powder 
or grains with a size of 0.5-35 µm are sintered 
together in the presence of cobalt, which is 
commonly used as a catalyst producing an 
adherent diamond compound. Since cobalt 
is electrically conductive it also makes the 
compound electro-discharge machinable, and 
it provides a significant degree of toughening 
to the PCD, generating a robust machining 
blank. Finally the PCD is sintered to a hard metal 
base - commonly tungsten carbide - generating 
diamond blanks with a diameter of 38-60 mm 
and 500 µm PCD within an overall thickness of 
1.6-3.2 mm. The cobalt content and diamond 
grain size vary depending on the tooling 
requirements, providing the optimum balance 
of wear-resistance and hardness for different 
materials.

The blanks are separated into single cutting 
pieces using wire-based EDM or high power 
lasers, leaving an extremely poor and rough 
edge quality. After the PCD “tooth” is mounted 
to a hard metal carrier, the cutting edge of 
the PCD insert is finally shaped, ground and 
polished to the desired edge quality. This is a 
time consuming process using different diamond 
grinding wheels that have a high wear rate. 
Depending on the diamond grain size of the 
PCD, chipping effects can occur during the 
grinding process, which limits the edge quality 
and the maximum grinding speed.

This is where nanosecond lasers enter the 
game. For example, InnoLas Photonics’ BLIZZ 
lasers not only cut through the cobalt content, 
but also evaporate the diamonds, generating 
an excellent, clean cutting edge with less than 
2.5 µm roughness and absolutely no chipping, 
independently of the diamond grain size 
(Figure 4).

The 40 W green lasers provide up to 1 mJ pulse 
energy at 40 kHz repetition rate, generating 
peak powers of 50 kW in a 20 ns laser pulse. 
Whilst other green nanosecond lasers with 
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Figure 3: Common PCD inserts (left), close-up of the cutting edge (right). 

Figure 1: Precision cutting of polycrystalline 
diamond.
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comparable or even higher power are made for 
high throughput, high repetition rate applications 
in microelectronics, the BLIZZ lasers are 
optimised for high energy at a short pulse width, 
providing very high peak powers. So 40 W lasers 
are even outperforming other 80 W green lasers 
in this application, since they all miss pulse 
energy and peak power. This is the key for high 
quality diamond processing.

It all starts in the applications lab

PCD laser cutting trials have been performed 
at InnoLas Photonics for many years, but the 
release of the 40 W BLIZZ nanosecond laser in 
2017 generated a new push and big interest in 
the diamond tools industry. Researchers in the 
industry come to our applications lab to perform 
cutting and shaping trials on many different kinds 
of PCD material compositions (Figure 5). 

InnoLas Photonics has performed a general 
laser processing study on different well-known 
and well-specified PCD blanks, ranging from 
0.5 to 35 µm in grain size, as well as mixed 
grain compositions. This general study of laser 
cutting and shaping behavior of PCD greatly 
assists in rapidly finding the right parameter for 
customer-specific compositions, and also helps 
in quantifying how the material composition is 
affecting the cutting speed, quality and heat 
affected zones. Of course one can see quite a 
difference in cutting speed depending on these 
parameters.

Cutting speeds match EDM with better 
quality

As a result, cutting speeds of up to 3.6 mm/
min have been achieved on 1.6 mm thick PCD 
blanks, supplied by DIAMONDS G. Wicke 
Handels-GmbH. This has been achieved using 
an optical setup with a 100 mm f-theta lens and 
an 8x beam expander telescope.

The scanning speed of a 15 mm galvo head 
was set to 200-500 mm/sec at 40-80 kHz laser 
repetition frequency. Even though a cutting 
speed of 3.6 mm/min sounds relatively slow for 
laser specialists, it is a very common value for 
EDM wire cutters processing PCD, leaving a 
poor edge quality. So, since the laser process 
eliminates the need for post-processing grinding 
and polishing, this is a significant time saving in 
PCD processing.

New material compositions and 3D chip 
breaker designs

The use of lasers eliminates the need for the 
PCD to be electrically conductive - which is 
essential for electrical discharge machining and 
ED grinding. This enables new opportunities in 
reducing or partially replacing the cobalt with 
other, non-conductive materials that can make 
the diamond compound even harder. 

Another advantage of the laser process, and one  
that also brings new application possibilities, is 
being able to generate arbitrary shapes on the 
cutting edge of the PCD. Whereas the EDM wire 
and the grinding wheel limit the shape of the 
PCD’s cutting edge, the spot size of the laser - 
which can be as small as a few microns - is the 
only limit in laser processing. In addition, the use 
of the laser enables selective volume removal of 
PCD, generating arbitrary 3D structures for novel 
chip breaker designs that play an increasing role 
in high speed milling processes.

Summary

The high pulse energy and peak power of the 

40 W green BLIZZ laser developed at InnoLas 
Photonics not only enables fast processing 
speeds of up to 3.6 mm/min, it provides a clean 
cut and shaping of PCD as well as the tungsten 
carbide carrier material, which makes further 
grinding and polishing unnecessary. It also allows 
new material compositions with reduced cobalt 
content, as well as generating high-tech chip 
breaker designs. 

Finally, the PCD inserts can be marked with the 
same laser, generating a temperature and wear 
resistant marking, whether the carrier is made 
of tungsten carbide, molybdenum, DensalloyTM, 
MalloryTM, titanium or vanadium carbide. And 
all this comes at basically zero tooling costs 
making the laser the perfect tool for the synthetic 
diamond industry.
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Figure 5: EDM cut surface quality (left); BLIZZ laser cut surface quality (right).

Figure 4: Clean free-form cut of PCD (left); Edge quality 5x magnification (centre); Edge roughness of 2.5 µm (10x magnification) (right).
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Laser Shock Peening (LSP) was developed 
in the United States in the 1970s and until 
recently has only been used by the military 
and nuclear industries [1]. By producing 
a compressive residual stress as deep as 
possible into the material, LSP treatment 
improves fatigue life as well as increasing 
resistance to stress corrosion, cracking/
corrosion and wear of treated components.  

The HiLASE Laser Center is a part of the 
Institute of Physics at the Academy of Sciences 
of the Czech Republic and focuses on the 
development of diode pumped solid-state laser 
systems with exceptional parameters. The 
Bivoj laser system, with its energy of more than 
100 J in pulses of 10 ns [2] is one such laser 
system. This article describes recent work on 
LSP treatment of a range of alloys that have 
great application potentials to a wide range of 
industrial sectors. 

Basic principle of “high energy and long 
pulse” Laser Shock Peening

At the HiLASE Center, LSP treatment is carried 
out in a so-called “high energy and long pulse” 
regime [3,4]. By using a single pulse-by-pulse 
approach (laser pulses with energy up to 7J and 
pulse duration of 10-14 ns) the compressive 
residual stress fields are induced on the treated 
surface. In order to enhance laser absorption 
and avoid possible negative thermal effects from 
the relative long interaction time, the treated 
zone is covered by an absorbing overlay prior 
to the laser application. A water layer provides a 
plasma confinement (see Figure 1).   

The Laser Shock Peening Station at HiLASE 

The LSP station at the HiLASE Center is suitable 
for sample treatment in the high energy and 
long pulse regime [5]. The station consists of an 
optical system for beam distribution, energy and 
spot size manipulation and monitoring system, 
a Fanuc M-20iA/20M robotic arm for sample 
movement and a water delivery system (see 
Figure 2). The laser pulses produced by the Bivoj 
laser are guided over a distance of more than 
18 m by several mirrors and lenses enclosed 
in a vacuum-evacuated piping system (10-2 
to 10-3 mbar). While long-distance laser beam 
distribution is very sensitive to optical system 
vibrations, both the laser and the distribution 
system are shielded from external vibrations by a 
double damped floor. 

The laser beam entering the LSP station is 
directed to an optical table where a system of 
optics and cameras is installed. This system 
allows the optimisation of the LSP process by 
adjusting the energy range (1- 7 J) and spot size 
of the laser beam (typically from 1 x 1 mm2 up to 
4 x 4 mm2) to be applied to the treated sample.

The laser beam’s spatial and temporal shape as 
well as energy in each laser pulse is monitored 
by cameras. The values of energy and process 
sequences are recorded and stored. Once the 
process parameters (energy, spot size and pulse 
duration) are selected, the robotic arm moves 
a sample according to a predefined path. An 
additional two cameras situated in the station 
enable the operator to observe the robot’s 
movements and monitor the surface of the work 
piece during LSP processing. Residual stress 

measurements are conducted using a Stresstech 
Hole drilling device and XRD Rigaku AutoMATE 
II system, which allows post LSP process 
characterisation.

Laser Shock Peening treatments of 
industrially relevant alloys

Nowadays, the metal manufacturing industry 
uses materials composed of two or more 
metals, or a metal and a non-metal component. 
These alloys have various applications in a wide 
spectrum of industries such as aviation, military, 
bio-medical, marine and many more.

For example, AW5083, an aluminium alloy with 
a high magnesium content (up to 4.9%), is 
three time lighter than steel and is well known 
for its exceptional performance in extreme 
environments, such as marine or industrial 
chemical environments. Therefore, it is not 
surprising that this material has been used for 
several applications such as the manufacture of 
high-speed sea vessels. Due to the combined 
influence of the corrosive environment and 
cycling loading, the metal body is exposed to 
excessive stress and can fail because of stress 
corrosion cracking. Stress control by full-stress 
relief in the case of large objects, such as parts 
of sea vessels, is difficult or even impossible. 
Consequently, a partial stress relief on the most 
critical areas has to be carefully performed to 
avoid creating new regions of high residual 
stress, with a sharp transition between treated 
and non-treated areas. However, LSP provides 
excellent control over the location and intensity 
of imparted residual stress and demonstrates 
significant benefits in preventing stress corrosion 
cracking [6]. 

Using LSP, the aluminium alloy AW5083 has 
been treated and the residual stress of -300 
MPa up to 1.5 mm has been imparted (see 

LASER SHOCK PEENING USING A 

HIGH ENERGY/LONG PULSE REGIME
DANIJELA ROSTOHAR ET AL.*

LASER SHOCK PEENING

Figure 1: Laser Shock Peening - the basic principle.

Figure 2: The LSP station at the HiLASE Center
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Figure 3). Another LSP treated alloy is the most 
widely used titanium alloy Ti6Al4V (Grade5). This 
two phase α+ β titanium alloy, with aluminium 
as the alpha stabiliser and vanadium as the beta 
stabiliser, is used to manufacture discs, rings and 
compressor blades for jet engines, components 
of airframes and space capsules, pressure 
vessels, helicopter rotor hubs, etc. In other 
words, this alloy is commonly used when low 
density on the one hand and excellent corrosion 
and heat resistance on the other are essential. 
Similarly to AW5083, the Ti6Al4V alloy processed 
by LSP at HiLASE can achieve a residual 
stress of more than 1 mm depth, protecting the 
material from cyclic crack propagation or stress 
corrosion cracking to a great extent [7]. 

However, there is a big difference in the degree 
of reinforcement for these two materials due 
to their different strength, which is responsible 
for holding the stresses inside the material. 
For a component made of the same material, 
the depth of the residual stress is not only 
dependent on the LSP process parameters 
(laser pulse energy, pulse duration, spot size 
and spot overlap) but is also strongly influenced 
by the geometry of the component. Moreover, 
the geometry also defines the shock wave 
propagation during treatment as well as the 
subsequent holding of residual stress. Therefore, 
residual stress is not the only factor to be 
compared when conducting LSP treatments. 

Alloys suitable for bio-medical purposes usually 
need to meet very specific requirements. 
An example of alloys with specific surface 
requirements are body implants made from 
cobalt chrome alloys. Due to these additional 
requirements, such as specific surface 
roughness or microstructure, the surface of the 
61% cobalt and 28% chromium alloy was LSP-
treated in a way to impart residual stress only to 
a shallow depth (see Figure 3).

Apart from very specific uses, metal alloys such 
as stainless steel are utilised to manufacture 
various common appliances (e.g. surgical 
tools and medical or kitchen equipment) or in 
the construction of bridges and monuments. 

Stainless steel alloy contains a minimum of 11% 
chromium and a maximum of 1.2% carbon by 
mass, and is well known for its low maintenance 
requirements, strength and corrosion resistance, 
which can be increased even further by adding 
molybdenum. Consequently, there are numerous 
grades of stainless steel, which differ in the 
content of chromium and molybdenum. 

The austenitic stainless steel alloy AISI 304 
is one of the most commonly used steel 
alloys due to its excellent resistance to a wide 
range of atmospheric environments and many 
corrosive media. Nevertheless, for applications 
at temperatures above 60°C the components of 
AISI 304 demonstrated low resistance to stress 
corrosion cracking [8]. However, LSP treatment 
of these components made of AISI 304 delivered 
residual stress to a depth of more than one 
millimetre (see Figure 3) and consequently 
improved the resistance to stress corrosion 
cracking.

A specific component, or some part of it, 
operating in a liquid can be exposed to a rapid 
collapse of cavities or bubbles of vapour or gas 
and consequently sustain damage. This can 
include loss of material, surface deformation, or 
changes in properties or appearance. Performing 
specific LSP treatment on a plate made of AISI 
321, a reduction of material loss up to 50% has 
been achieved (see Figure 4).

Conclusion

Results presented in this article demonstrate 
the capabilities of our LSP station for imparting 
residual stress up to several millimeters from the 
surface of samples made of several industrially 
important alloys. Based on these results it 
is possible to identify problematic areas of 
common engineering, where LSP technology 
can provide a solution. For example, in the case 

of titanium alloy, LSP treatment can mitigate the 
effect of cyclic loading and consequently prolong 
the lifetime of the treated part several times. The 
same effect of enhancement has been achieved 
on aluminum alloys. 

On stainless steels we observed many effects 
of LSP treatment from cyclic loading lifetime 
prolongation, enhancement of cavitation 
resistance as well as the increment of wear 
resistance. The LSP treatment of cobalt-
chromium implants can significantly increase 
fatigue life and bring a new market value to the 
treated implants.

In the future, different type of testing based on 
the specific application of the alloys, (such as 
exposure to fatigue, corrosion, cavitation or 
wear) will be performed in order to maximise 
benefits of LSP treatment. 
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Figure 3: Residual stress measurements for 
different alloys treated at the HiLASE Center.

Figure 4: The four LSP treated zones were less eroded than the non-treated zone (image left) 
which is quantified by measuring the volume loss (image right, the reference curve corresponds to 
non-treated area while two other curves are corresponding to two LSP treated zones). 
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The power factor model is used to 
characterise the laser welding process and 
selected welding parameters in different 
laser systems. Laser powder-bed fusion 
(L-PBF) - an additive manufacturing 
technique - is typically characterised 
using volumetric energy density to 
define processing windows. Such design 
parameters can accurately describe 
optimal conditions in L-PBF machines 
with the same laser characteristics. 
However, different L-PBF machines can use 
different laser systems, which complicates 
transferability of optimal parameters 
between machines with different laser 
power, focus diameter and deposition mode 
(i.e. modulated or continuous). 

In the present work, the power factor 
model has been adapted to describe the 
L-PBF process. A novel design approach 
is proposed using the power factor and 
specific point energy.

Volumetric energy density (VED) is used in L-PBF 
to characterise optimal parameters for minimum 
porosity in a specific material. VED is defined by 
the laser power, scan speed, hatch spacing and 
layer thickness. Alternative design parameters 
include two-dimensional and one-dimensional 
expressions of energy density extracted from 
VED: AED refers to the areal energy density in 
the 2D plane and LED is the process energy per 
unit length.

The effect of LED in porosity development of 
L-PBF parts has been extensively investigated 
in the literature. Strong correlation between part 
density and single track morphology, melt pool 
dimensions and welding mode (conduction 
or keyhole) has been reported. Melt pool 
characterisation using different LED levels can 
provide valuable information to define optimal 
processing windows for near full-density 

components. The present work investigates the 
suitability of using energy density as a design 
parameter to describe L-PBF. 

In this article, the use of VED, AED and LED to 
characterise optimal L-PBF process conditions 
is discussed. An alternative approach using the 
power factor and specific point energy is also 
presented.

Defining processing windows of optimal 
energy density

VED, AED and LED energy maps are typically 
used in L-PBF process optimisation. However, 
processing windows for the same material 
can show different energy values in literature 
especially with varying power, scan speed and 
laser focus diameter. For example, a range 
of optimal conditions have been reported in 
literature for processing AlSi10Mg alloy, which 
correspond to a range of L-PBF machines 
featuring different laser powers and laser focus 
diameters. The optimal energy density can range 
from 40-500 J mm3, depending on laser power 
and laser focus diameter used. Such wide range 
complicates transferring parameters from one 
L-PBF system to another. 

Defining process power factor (i.e. laser power to 
laser diameter ratio) is crucial for energy density 
optimisation as porosity build-up and laser focus 
diameter are strongly correlated. Optimal scan 
speeds have to be identified for specific power 

factor levels. For instance, lower power factor 
requires lower scanning speeds to manufacture 
samples without imperfections. However, slower 
speeds can cause larger and deeper melt pools 
which can promote the formation of keyhole 
porosity. Optimal balance between the power 
factor and scan speed has to be identified. 
Investigating the role of laser focus diameter in 
the L-PBF densification mechanism might help 
transferring optimal parameters between different 
L-PBF systems with higher accuracy. 

Pulsed and continuous L-PBF laser systems

Commercial L-PBF machines can use either 
continuous or modulated/pulsed laser delivery 
mechanisms. In pulsed systems, the laser 
does not fire continuously, but in a discrete 
(point-by-point) manner. While continuous 
lasers use a single parameter that defines the 
scan speed, pulsed lasers use typically two 
different parameters that have to be investigated 
independently, namely: point distance (the 
distance between two consecutive points) and 
exposure time (elapsed laser firing time at each 
point). Usually, the speed (v) at which the pulsed 
laser moves across the powder bed is defined 
by the ratio of these two parameters. However, 
if the speed at which the laser moves from 
point to point is also considered, one additional 
parameter controlling the modulated scan speed 
can be identified, namely: the jump speed (vj). 
The use of jump speed could provide a more 
accurate representation of the process scanning 
speed in modulated systems, which might 
facilitate transferring optimal parameters between 
pulsed and continuous L-PBF machines.

The power factor model

The power factor (PF) model is used in laser 
welding to characterise the melt pool formation 
mechanism taking into account the laser focus 
diameter. The model uses the fundamental laser-
material interaction parameters, power density, 
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VED Volumetric energy density

AED Areal energy density in the 2D plane

LED Process energy per unit length

PF Power factor

ESP Specific point energy

Figure 1: XZ density of B1 (50 µm) and B2 (100 µm) samples with varying (a) VED, (b) AED and (c) LED.



27

ISSUE 94 AUTUMN 2019THE LASER USER

interaction time and specific point energy (ESP), 
to replicate the welding process in different 
laser systems. Power density and specific point 
energy control the depth of penetration in the 
laser welding process whilst interaction time 
controls the weld width. These parameters are 
used in laser welding as design parameters to 
control constant melt pool depth with varying 
beam diameter. In L-PBF, optimal parameters 
can be selected based on the laser penetration 
depth. As PF and ESP are competing factors 
controlling melt depth, ESP-PF processing 
windows can potentially be used as design 
parameters for L-PBF process optimisation. 
Further information can be found in [1].

Effect of VED, AED and LED design 
parameters in part density 

VED ranging from 20-100 Jmm3 (identified from 
literature) was used in [1] for investigating the 
L-PBF densification mechanism of AlSi10Mg 
powder. Modulated scan speed was calculated 
using the ratio of point distance and exposure 
time, as is extensively used in literature. 

Figures 1a-c show that energy density ranges 
of ‘good’ (higher % density) samples are being 
gradually set apart from ’bad’ (lower % density) 
samples when reducing dimensional expression 
of energy input from 3D to 1D respectively. 
This behaviour is extensively discussed in [1]. 
It should be noted that samples from Figure 

1a were manufactured with the same process 
parameters as those from Figures 1b and c. 
Only the energy calculation approach has been 
varied. A well-defined energy range differentiating 
high from low % density was observed when 
analysing LED. In contrast, VED and AED figures 
showed “good” and “bad” samples merged 
along the energy axis. This was particularly 
observed in VED, where all “good” and “bad” 
samples shared the same energy range. It was 
concluded that the use of VED can limit the 
parameter development process especially with 
varying layer thickness.

Thermal monitoring and L-PBF modelling 
for jump speed calculation

The temperature evolution of reference samples 
in [1] was measured in-situ using a bespoke 
13 mm-thick thermocouple substrate. The FE 
approach used in the present investigation 
leverages a new physics-based framework 
from a general-purpose finite element code 
(ABAQUS). Temperature histories experimentally 
acquired (recorded at 500 Hz sampling 

frequency) were compared with a model that 
simulated the production of the same samples 
with a “digital” thermocouple placed at the 
same location as in the real experiment. The 
first simulations were used to calibrate the 
heat source efficiency. Once the heat source 
efficiency was calibrated, the model predictions 
were compared against additional physical 
measurements. A jump speed of 500 mms1 
resulted in good agreement between model 
prediction and experimental measurements as 
shown in Figure 2.

Power factor and specific point energy in 
L-PBF process optimisation

The modulated scan speed incorporating a jump 
speed of 500 mms1 was calculated. Optimal 
process conditions identified in the present work 
were compared to those reported in literature 
for the same material and using different L-PBF 
machines featuring a range of laser powers and 
laser focus diameters as well as continuous 
and pulsed laser mechanisms. A clear trend 
of optimal parameters in the ESP-PF curve 
was identified. The ESP-PF curve in Figure 3 
provides optimal energy required for a given 
power and laser focus diameter to manufacture 
near full-density AlSi10Mg components. With 
this information, experiments can be conducted 
at optimal energy conditions in order to achieve 
optimal melt pool dimensions. Melt pool 
quantitative indicators for process optimisation 
are reported in [1] as well as a detailed 
description of the ESP-PF curve.

Conclusion

The feasibility of using typical design parameters 
in L-PBF has been investigated. The use of 
LED and the laser focus diameter incorporated 
a more holistic approach applicable to different 
laser systems. The use of the ESP-PF curve as 
design parameter for process optimisation in 
L-PBF of AlSi10Mg has been proposed. This 
provided processing windows that can be used 
in a range of L-PBF machines featuring different 
laser powers, laser focus diameters and laser 
irradiation modes (i.e. modulated or continuous). 

Reference

[1] M. Zavala-Arredondo et al. Materials & Design 
182, 2019, 108018, ISSN 0264-1275, https://
doi.org/10.1016/j.matdes.2019.108018.

* M. Zavala-Arredondo, T. London, M. Allen, 
T. Maccio, S. Ward, D. Griffiths, A. Allison, P. 
Goodwin, C. Hauser

Contact: Miguel Zavala-Arredondo 
miguel.zavala@twi.co.uk
www.twi-global.com

Miguel Zavala-Arredondo is a Project Leader in Laser 
Additive Manufacturing at TWI.

LASER POWDER-BED FUSION

SEE OBSERVATIONS P29

Figure 2: Simulated and experimental thermal evolution at the measuring point located 200 µm 
below the top surface of the substrate; a) multiple layers; b) single layer.

Figure 3: ESP – PF curve for L-PBF process optimisation in AlSi10Mg alloy. Data points represent 
optimal parameters reported in literature, along with those obtained in the present investigation. 
Laser focus diameters and laser powers range from 75 µm – 300 µm and 175 W – 967 W 
respectively (as used in the literature and in the present research).  See references in [1].
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LASER BEAM-ARC HYBRID 
WELDING INCREASES 
PRODUCTIVITY 
JAN PITZER  

This is a very good example of the hybrid laser 
welding application and a demonstration of 
its full potential. The process is more complex 
and equipment more expensive than traditional 
arc-based welding but with today’s level of 
automation and process monitoring the hybrid 
process seems to be an obvious choice. 

It is very useful that the article touches on the 
business justification, which is often an important 
aspect concerning laser processing. Hopefully 
we will see more cases of successfully applied 
hybrid welding in the near future.  I would only 
add a comment regarding the dilution and 
properties of the fusion zone, which in lean 
steels is less of a problem but in alloying steels 
needs more attention. 

Wojciech Suder, Cranfield University

LASER STABILISATION OF 
GAS METAL ARC WELDING 
OF TITANIUM 
GONCALO PARDAL ET AL. 

The stabilisation of arc processes (be it TIG, MIG 
or Plasma) via lasers has been widely reported 
as a consequence of early experiments in hybrid 
welding processes. However, very little of this 
earlier work focused on the complexities of Ti6-
4, instead concentrating on steels and aluminium 
alloys.

Goncalo’s (et al) article demonstrates, in 
the research environment at least, a clear 
improvement in process stability over the 
‘conventional’ WAAM deposition of Ti6-4 
(disclaimer: other arc-and-wire deposition 
processes are available; the value of your IP 
may vary). Furthermore, the ability to tune the 
wall angle (see Figure 3) may be influential in 
mitigating inter-run defects that can plague 
deposited multi-track pads and walls.

In ALM, deposition rates can be a distracting 
metric, especially for applications where integrity 
is the absolute priority, and it is here where the 
work of the Cranfield team seems to really shine. 
I look forward to further articles exploring their 
valuable work.

Nicholas Blundell, MTC

With the growing interest in additive 
manufacturing from a broad range of industries, 
the question of process control and stability 
becomes key. It is good that this article makes 
process stability a central theme rather than 

merely focusing on material deposition rate. 
Similarly, driving to a narrow deposition feature 
at the expense of quality is not a long term 
answer, quality has to come first otherwise we 
build in cost with having to inspect more, suffer 
inconsistent yields etc.

The correlations between deposition width, heat 
input and stability give a good indication of the 
key process variables of the process which will 
be needed by the manufacturing engineers to 
bring this into production. For a process to be 
considered sufficiently mature for introduction it 
will have to demonstrated a consistent and high 
Cpk and this article starts to take us down that 
road. I look forward to reading the longer paper.

Clive Grafton-Reed, Rolls-Royce

NEW SYSTEM 
DEVELOPMENT FOR 
LASER WELD PROCESS 
MONITORING  
CHRIS ALLEN ET AL.

This is an interesting paper giving a new 
dimension to a topic that has been investigated 
many times over the years – process monitoring 
using camera inspection of the welding process. 
The main new developments are the use of 
monochromatic LEDS and image processing 
algorithms. It would have been interesting if 
some images from the camera had been shown 
as it is not clear what the bright pixels relate to. 
Presumably it is the melt pool but this is not clear.

The results presented show that indeed signals 
do change when many things change in the 
welding process. This includes focus position, 
material thickness, laser power, gas shielding 
conditions, cover glass contamination and fit up. 
Unfortunately this also confirms the usual failing 
of many process monitoring systems. When 
the signals change how you do know which 
of the above list is causing the error. It is ok if 
you just want to say the process is not working 
and therefore just stop and investigate (the 
above possible causes) at this point. However 
in-process correction is not possible unless you 
know the specific cause limiting the usefulness of 
this kind of system.

Stewart Williams, Cranfield University

For this work, the problem the equipment 
addresses is clear, with solid evidence 
suggesting a solution. Within the article, there is 
clear justification on the benefit of using a coaxial 
camera as a sensor, including a brief description 
of the sensor type, but no information of sensor 
size. The colour of the light that has been used 
for illumination in Figure 1 is noteworthy, perhaps 
there is an optimum colour for illuminating laser 
welding of titanium and nickel alloys, to give a 

“good quality” image. There is a good description 
on the function of the image processing method 
implemented, which is calculating various melt 
pool attributes at approximately 100Hz. What 
this work does show, is that a single camera 
can effectively and simultaneously monitor the 
process and condition of optics. It would be nice 
to see the interface that an operator would use in 
production.

Keith Lorenz, MTC

NOVEL GREEN LASERS 
IN SYNTHETIC DIAMOND 
TOOL MANUFACTURING 
CHRISTIAN HAHN & REBECCA WACHTER    

Lasers have been used in the cutting of rough 
gem diamonds for decades and for most of this 
time this has been done with IR YAG lasers. 
This is still the case in many factories, especially 
where there are large concentrations of diamond 
cutting workshops like in India. However, 
refinements for higher added-value processing of 
gem and synthetic diamonds are pushing some 
of this work in the direction of the latest, diode-
pumped, solid-state pulsed lasers and this article 
describes an element of this very clearly.

The growth of diamond-based tools is a major 
pull factor for the laser technology described in 
the article and other similar laser processes exist 
for similar diamond applications. One interesting 
thing to note from this article is the use of a 
green laser - there has been a distinct movement 
in recent years to move away from the visible 
in many precision applications (either using an 
IR fibre laser or a UV solid-state laser), so it is 
refreshing to note one sector where visible light 
is actually the preferred option, no doubt driven 
by the right balance of power, quality and price. 
It'll be interesting to see if this can remain the 
case as pulsed IR fibre lasers give increasingly-
higher quality at much lower costs.

Nadeem Rizvi, Laser Micromachining Ltd.

It’s remarkable that it is already 140 years 
since the first attempts at producing synthetic 
diamond were made by a Scots chemist, and 
that it became a reproducible product in 1954. 
It was only a handful of years later in 1960 that 
the laser itself was made functional based on 
synthetic ruby as opposed to diamond. 

Synthetic diamond can be grown by Chemical 
Vapor Deposition and a laser can also be 
used as the ionisation source in the diamond 
growth chamber! Diamonds have always held 
the fascination of the general public and there 
is a very large worldwide industry around their 
mining, synthetic production, processing and 
sales. Asia has more than 50% of the world's 
market share for synthetic diamond today.  
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It is fantastic that lasers have overcome many of 
the downsides of mechanical machining of PCD 
used in industrial applications, as described in 
Christians Hahn’s article, and the high surface 
quality achievable in a single step is impressive 
with a Q-switched DPSS laser operating in 
green. 

Synthetic diamond production is much more 
environmentally friendly than natural diamond 
production and can have higher purity. Laser 
processing of PCD is likewise environmentally 
advantageous over EDM/G. However, some 
of the most challenging applications on PCD 
cutting are on thicker sections >3 mm where 
the use of specialised technologies such as 
complicated SLAB YAG lasers are employed.

 It is interesting to observe the evolution of fibre 
and Q-switched DPSS lasers for PCD cutting 
and how they will be able to deal with thicker 
section materials going forward, as pulsed YAG 
technologies disappear. 

Jonathan Magee, ACSYS Lasertechnik

LASER SHOCK PEENING 
USING A HIGH ENERGY/
LONG PULSE REGIME
DANIJELA ROSTOHAR ET AL.

The facilities and the work being done at 
HILASE Centre on laser shock peening is 
certainly substantial, offering a range of laser 
peening options and flexibility. The venue is a 
short distance away from the airport and the 
opportunity is available to access the laser 
peening facility via an open call. 

The article demonstrates good examples of 
industrial problems which laser peening helps to 
solve and it is certainly a solution to improve the 
service life of many stressed, fatigued industrial 
parts as well as boosting the performance of 
new parts. Endeavours such as this, to promote 
the technology and the availability of equipment 
to undertake laser peening should both be more 
frequent. This is because the technology has 
been around since the 70s, but the industrial 
uptake of it, is still not as fast as we would like. 
Ways by which this can happen is: a) if the 
cost of laser peening is reduced and b) upon 
informing potential adopters and end-users of its 
benefits.

Pratik Shukla, Coventry University

NOVEL L-PBF DESIGN 
APPROACH BASED ON 
LASER WELDING MODEL 
MIGUEL ZAVALA-ARREDONDO ET AL.

Miguel Zavala-Arredondo’s article represents 
the latest in a series of studies into developing 
qualitative models to assist in optimisation 
of laser processes. This builds on a tradition 
of experimental design and factor reduction 
which is both commonly applied in Engineering 
and widely appreciated as a practical, cost 
effective system for process stabilisation and 
optimisation. However there has been relatively 
little work done in developing these approaches 
for laser-based manufacturing and this has had 
a significant impact on uptake of laser based 
processed by industry; particularly in areas, like 
additive manufacturing, where processes are 
still not completely understood. I look forward to 
seeing more of this kind of practical, impactful 
research in the future.

Richard Carter, Heriot-Watt University

OBSERVATIONS
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PRODUCT NEWS

SYSTEMS & SOURCES

Unique range of infrared laser 
optics, thermal imaging optics 
and beam delivery systems

Specialists in:

 Refl ective metal optics

 Single point diamond turned 
components

 Lenses and transmissive optics

 Part-fi nished optics

 Beam delivery systems

ULO +LBP Optics

LBP+ ULO Optics

LBP+ 
ULO Optics

Working together to create 
integrated optical solutions

Working together to create 
integrated optical solutions

Working together to create integrated optical solutions

Working together to create integrated optical solutions

ULO +
LBP Optics

BYSTRONIC'S EXTRA-
LARGE CUTTING FORMATS
To increase fibre laser cutting productivity 
and the diversity of applications that can be 
undertaken, Bystronic has extended its high-
end CNC laser cutting system, ByStar Fiber, to 
include two new extra-large formats. Models 
6225 and 8025 are able to accommodate sheet 
up to 6.2 metres x 2.5 metres and 8 metres x 
2.5 metres on their respective tables. 

Users can select a laser source rated at 
from 3 kW to 10 kW to suit their productivity 
requirements and the types and thicknesses of 
material to be processed.

Contact: Daniel Thombs
daniel.thombs@bystronic.com
www.bystronic.com

LOCUS BEAM CONTROL 
FROM AMADA
Amada's new VENTIS-3015AJ is the first fibre 
laser cutting machine to feature the company’s 
LBC (Locus Beam Control) technology, 
which improves both processing quality and 
productivity in stainless steel and aluminium. 
In combination with a newly developed, high-
brightness, single diode module 4kW fibre-laser 
oscillator, LBC Technology sets a high standard 
for laser profiling.

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

COHERENT'S SOLUTION 
FOR PRECISION WELDING

Coherent has introduced the new ExactWeld 
230, a turnkey solution for automated, precision 
laser welding of metal parts. It includes a 200 W 
(400 W optional) fibre laser, part clamping, up 
to four-axis (x, y, z, c), user friendly software, an 
optional vision system, and factory automation 
capabilities (Industry 4.0/IoT ready). These 
features combine to maximise weld quality, and 
increase production yields, process consistency 
and operator productivity. ExactWeld 230 is 
an attractive choice for medical manufacturing 
such as endoscope production, as well as 
the fabrication of precision sensors, jewellery, 
timepieces and automotive electronics.

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

LASER LINES BECOMES UK 
RESELLER FOR SISMA
Laser Lines has become an exclusive UK reseller 
of SISMA’s laser welding systems, suitable for 
customers in industrial and the mould tool repair 
markets requiring manual, semi-manual and 
automatic systems.

Contact: Chris Ogden
chriso@laserlines.co.uk
www.laserlines.co.uk
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PRODUCT NEWS

ANCILLARIES PRIMA POWER'S SOFTWARE 
FOR 3D LASER MACHINES
Prima Power has announced an expansion of its 
family of software products with the introduction 
of the new FASTSUITE Prima Power Edition. 
This manages the entire offline programming 
process, from importing CAD data to optimising 
the NC program. 

Contact: Fabrizio Barberis
fabrizio.barberis@primapower.com
www.primapower.com

REAL-TIME DATA FROM 
AMADA'S V-FACTORY
AMADA has released its V-factory system that 
provides real-time data from AMADA machines 
with AMNC control, anytime, anywhere, 
using any device with an internet connection. 
Parameters monitored extend from current 
machine status and volume of work, through 
to material usage, energy consumption and 
operation analysis, in essence providing a 
snapshot of the entire connected production 
environment at a glance.

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

BOFA'S SPARK ARRESTOR 
LASER FUME EXTRACTION
BOFA International, has unveiled a spark 
arrestor unit designed to mitigate the risk of 
fire in high temperature fibre laser systems.
BOFA’s new Spark Arrestor 2 prevents potentially 
damaging, incandescent particulate created 
during fibre laser processes from entering the 
fume extraction unit by transporting hot particles 
through specially designed impingement plates 
before depositing them in a removable drop-out 
chamber.

Contact: John Horsey
john.horsey@bofa.co.uk
www.bofainternational.com

THIRD DIGITAL DRIVE IN A 
YEAR FROM AEROTECH
Aerotech is presenting its third PWM digital drive 
controller within this year: the XC2 PWM is a 
high-performance, single-axis motor drive with 
a narrow compact housing for motion control 
applications.

The XC2 is compatible with the Automation 3200 
motion platform, which uses the HyperWire® 
motion bus (fibre optic interface), and controls 
brushless and brushed DC motors, voice coil or 
stepper motors with an operating voltage of up 
to 100 VDC and peak current capacity of 10 A.

Derrick Jepson
djepson@aerotech.com
www.aerotech.com 

SCANLAB UNVEILS NEW 
AM SCAN HEAD
SCANLAB poured decades of 3D printing 
expertise into fiberSYS so that sector 
newcomers, too, can use this all-in-one solution 
to quickly and easily create high-efficiency 
laser systems and scalable machine designs. 
The compact scan system optimises machine 
assembly times for integrators and fabrication 
process times for users.

Contact: Erica Hornbogner
info@scanlab.de
www.scanlab.de

NEW RADAN DESIGNER 
CAD/CAM LAUNCHED

A new piece of specialist CAD for CAM software 
specifically for sheet metal has been launched 
alongside the latest release of RADAN.

RADAN Designer will form a pivotal part of 
RADAN’s CAD/CAM functionality in preparing 
parts for bending, nesting and cutting. 

Contact: Stewart Bint
stewart.bint@hexagon.com
www.radan.com
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EVENT REVIEWS

ADVANCED ENGINEERING 2019

Unit 2.2, Quantum Court
Research Avenue South

Heriot Watt University Research Park
Edinburgh, EH14 4AP

tel: +44 131 664 8122  
fax: +44 131 449 7301

email: sales@photonicsolutions.co.uk 
web: www.photonicsolutions.co.uk

We have...
the products

The PHAROS is a class-leading, fully industrialised 
and versatile femtosecond laser system offering 
exceptional quality in micromachining applications and 
ground-breaking scientific research 

 Highest energy and best stability of >400µJ at <0.5% RMS

 Tunable pulse duration from <190fs to >10ps

 Flexible rep rate from single shot to 1MHz

 Integrated and fully automated harmonic modules  
for 515nm, 343nm, 257nm and 206nm generation 

 2mJ pulse energies and OPA extensions  
available for a host of scientific applications

Advanced Engineering 2019 at the NEC, 
Birmingham, featured a larger than ever 
Laser Manufacturing Hub with a sizeable 
networking area at the centre of the 
Performance Metals zone of the show.  

We would like feedback from members to let 
us know if they would like to take a pod on 
the Hub for 2020 (AILU’s 25th anniversary). 
If we have a good number of takers we can 
rebook a sizeable area and keep the cost 
down to members. We also had 5 members 
around the hub, so if you would like more 
space for a dedicated stand, that is an option 
too.  

Contact AILU to give feedback about your 
plans for Advanced Engineering 2020.  The 
dates will be 4-5 November 2020 to avoid a 
clash with schools half term holiday.  

Dave MacLellan
dave@ailu.org.uk
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A FUNNY THING...

WHITE VAN TALES

Visit www.aerotech.co.uk or Call +44 1256 855055 AH0119B-LPM-LTD

IS THE GALVO IN YOUR SYSTEM 
STABLE AND ACCURATE?
Thousands of layers of sintered material...
Hundreds of hours of build time…
Aerotech’s AGV-HP High-Accuracy Galvo Scanners

• <10 µrad/ºC thermal drift means more accurate parts and higher yields.  

• <±2.5 µm of pk-pk laser placement error means more intricate and 
innovative designs.

Aerotech’s AGV-HP eliminates  
galvo drift for flawless long builds.

AH0119B-LPM-LTD-Add-Man-ThermalStability-190x125.indd   1 6/5/2019   2:39:27 PM

Working in a small company, it is inevitable that 
you get involved in all manner of jobs which in a 
larger company someone else might do. Taking 
semi-portable lasers to events would for me 
include taking my turn hiring a white van, usually 
with a tail-lift, and loading and unloading the 
laser and perhaps an exhibition stand.

I recall taking a laser from an event after a long 
day and having (I thought) secured it well with 
straps, had to negotiate a “sleeping policeman” 
in the road within the first 500 m of setting off 
on a 80 mile journey back to the office.  Slowing 
down to clear the speed-bump, I heard a loud 
crash as everything in the van jumped in the air 
and landed heavily.  Thinking all would be well 
and not wanting to stop within the first 2 minutes 
of setting off, I continued on the road.  An hour 
and a half later I pulled in outside the office, 
having phoned ahead to check a colleague 
would be there to help me unload.  As soon as I 
opened the door of the van it was apparent that 
the strap securing the laser had been placed 
too low – in combination with my driving, it had 
effectively acted as a pivot point to ensure the 
laser tipped over until it came to rest on some 
other things in the van.  Remarkably, the laser 
was undamaged and so I was able to get it 
out of the van with a little help – no need for an 
insurance claim.

Using a local van hire company, we would often 
find that the newer vans were not fitted with 
sufficient or strong anchoring points inside. 
Coming back from the NEC with our exhibition 
stand in a proper (huge) rock-star style flight 
case, was on one occasion a little challenging. 
Pouring with rain as it was when I secured the 
stand inside the van I felt sure that it was tied 
on well enough and set off for the motorway.  A 
combination of acceleration and braking led to 
the “breaking free” of the box which I could hear 
(and feel) then proceeded to roll to the front and 
back of the load bay with some loud thumps 
when it was stopped in its tracks by bulkhead or 
back door. Again being reluctant to stop in the 
rain on the M6 hard shoulder to do who-knows-
what to secure it, I pressed on to my destination 
– however pulling up outside our office it became 
immediately apparent that there was a stand 
shaped dent in the roller shutter door and it took 
all of my efforts to open this door enough to 
unload the van.

The next day, returning the hire van, it was 
clearly necessary to point out that there were 
more than a few dents and scratches – but also 
that the interior anchoring points were indeed 
not strong enough for the purpose of securing a 
few 100 kgs of stuff.  I believe a sincere apology 
and reminder of the amount of rentals we were 

giving the local van hire company avoided a 
nasty scene…

The moral of the tale is that a little more care 
when driving might get you home a bit later, but 
you are also more likely to arrive in one piece.  
The occasional conversation with a policeman 
when stopped for speeding should probably 
have taught me that many years ago, though I 
have never been caught speeding in a white van 
(yet)…

Dave MacLellan
dave@ailu.org.uk
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EVENT

ILAS 2020 &  
AILU's 25th Anniversary

20-21 May 2020

Daventry Court Hotel, Daventry, NN11 0SG 

www.ilas2020.co.uk

REGISTRATION - OPEN

ABSTRACT SUBMISSION - OPEN
Submission deadline 6th December 2019

• ATTEND
• PRESENT
• EXHIBIT
• NETWORK
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EVENTS DIARY

DATE EVENT LOCATION

20-24 April 2020 MACH 2020  
featuring AILU's Lasers for 
Manufacturing Zone

NEC, Birmingham

ILAS 2020 &  
AILU's 25th Anniversary

Daventry Court Hotel,  
Northamptonshire

20-21 May 2020

16-18 June 2020 LASYS 2020 Messe Stuttgart, Germany

SPIE PHOTONICS WEST1-6 February 2020 San Francisco

23-26 June 2020 Laser Precision Microfabrication  
LPM 2020

Dresden, Germany


