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RIC'S RAMBLINGS 
So, it's good to be back, having missed the last edition of the Laser User. 
Don’t tell me, you didn’t even notice Ric's Ramblings were missing? I was 
away due to a surprise visit to the hospital in between Christmas and New 
Year, where the expert medical staff decided they needed to drill (indeed 
trepan) a few holes in my head. 

I imagine (with some degree of distaste) this was done with a good old 
fashioned drill and bit - however in my drifting, anaesthetised state I hoped/
imagined it might have been done with a laser - far more precise, minimum 
debris, less collateral damage and let's face it, an all-round neater looking 
hole. 

The use of lasers in medical procedures is of course not new and is in fact 
growing, with a variety of hospital departments installing lasers for treating 
a whole host of conditions ranging from unwanted skin pigments, diabetic 
retinopathy, cleaning arteries and now more and more for delicate surgical 
procedures using the so called "laser scalpel". 

The hospital staff found it highly amusing that I was "into lasers" and I 
became affectionately known by the consultants as "the Laser Prof". I 

thought at one point they were going to pass me a tool box and ask me 
to fix the femtosecond system installed in the eye clinic on the floor above. 
Probably a good thing they didn’t to be honest, the last time I was tasked 
with fixing a laser was a good many years ago!

In this short piece, I have deliberately avoided the use of the "C" word in 
an attempt to give us all a break - but I did want to mention how sad I am 
that we have had to reschedule ILAS until next year. I for one was really 
looking forward to it, particularly as it is our 25th 
anniversary this year. Still I am sure it will be bigger 
and better than ever when we eventually get to 
go outside and meet our friends and colleagues 
again.

 

Ric Allott
ric.allott@stfc.ac.uk                                           

FIRST WORD
Welcome to our readers in these uncertain 
times. Rest assured, after 25 years, AILU 
is alive and well – albeit doing things a little 
differently. Our staff are working from home, 
but you will find us every bit as committed to 
the best business outcomes for our members. 

As you will have heard, ILAS 2020 is now 
rescheduled to March 2021 and at that time 
we hope to have the biggest ILAS in the 
history of the event – and we hope to share in 
a celebration dinner for our 25th Anniversary, 
something else we have had to postpone a 
little.

I am proud of our members who have 
been working hard to fight the coronavirus, 
providing components for PPE, ventilators, 
hospital products and shielding to aid social 
distancing for public servants and retailers 
(more on pages 6, 11 & 14).

We will be holding some of our events as 
online webinars and our committee meetings 
and AGM will be held on Zoom – as we did for 
the AGM last month (see page 5 for a report). 

Dave MacLellan 
dave@ailu.org.uk

ASSOCIATION NEWS

PRESIDENT'S MESSAGE 
First and foremost, I hope you and 
your family are keeping as safe as 
possible in the current situation. The 
world has changed significantly since 
the last issue of The Laser User, with 
Covid-19 and national lockdowns 
affecting the global economy, but our 
top priority, whether at home or work, 
should continue to be our safety and 
wellbeing.

Like many others around the world, 
I've been working at home for the 
past few months. We're all living 
with different pressures right now, 
and will have our own unique stories 
to tell when we come out the other 
side. Balancing childcare and work is 
proving difficult for myself and Mrs B 
(to be honest, we're not sure what day 
of the week it is most of the time, and 
our appreciation of nursery workers 
has increased exponentially), but 
fortunately we're both still gainfully 
employed and the kids ensure there's 
never a dull moment in the house.

Looking forward, laser technology is 
well placed to support the upcoming 
economic recovery - with its ability to 
reliably and repeatedly perform high 
quality processing, at high throughput 
rates and at low cost. Furthermore, 
there are positive signals from leading 
European economies (including the 
UK), that green initiatives should 
be the focus of our recovery from 
the pandemic, which will further 
accentuate the need for clean, low 

energy technologies, such as laser-
based manufacturing.

AILU is adapting to the changing 
times and the upcoming e-mobility 
webinar in July (see page 35) will be 
a low-cost virtual event, which I hope 
makes it accessible to more of our 
community than normal. If this format 
is successful, we may look to do 
further events like this in the future. 
Following this, we hope to return to the 
usual physical format of our workshops 
towards the end of the year.

AILU recently held its Annual General 
Meeting, virtually, and I'd like to take 
this opportunity to thank the AILU 
team (Dave, Cath and Liz) and the AILU 
Steering Committee for their hard work 
over the past 12 months. Also, a warm 
welcome to the new members of the 
Steering Committee - Ceri, Paola and 
Tom (see page 5).

Stay safe and hope to see you in the 
virtual world in July,

Jon Blackburn 
jon.blackburn@twi.co.uk

At the time of going to print we were very sad to hear of the passing of Bill Shiner, retired Vice President of IPG Photonics. An obituary 
will be published in Issue 97 of The Laser User (August 2020).
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The AILU AGM was scheduled to take place 
at the MACH 2020 exhibition, however the 
postponement of exhibitions and the lockdown 
in the UK meant that we had to seek alternative 
arrangements. We decided to hold the AGM 
as a Zoom meeting where it was possible to 
share content and have discussions without the 
burden of travel or breaching social distancing 
guidelines. Attendance was higher than we 
normally experience with a physical meeting -16 
attended.

Jon Blackburn presented the Annual Report, 
thanking members for their support. Dave 
MacLellan presented the financial figures for 
the year ending 31 October 2019 – which, as it 
included the very successful ILAS 2019 income, 
was a very rewarding year both financially and in 
terms of members engagement. 

The meeting re-elected the officers of AILU (Jon 
Blackburn, Adam Clare and Dave MacLellan) 

and Dave thanked the committee members who 
had served for 3 years (Anke Lohmann, Shireen 
Khanum and Mike Poulter). 

The committee elected 3 new members (Tom 
Chaffer, Ceri Brenner and Paola De Bono) who 
have short profiles and photos below. Other 
members of the committee are listed on page 2 
of this magazine.

Paola De Bono is 
Section Manager in 
the Laser and Sheet 
Processes Section at 
TWI Ltd. Paola has over 
eight years of specific 
experience in laser 
processing for micro-
scale applications, 

including the welding of highly reflective metals 
and applications using dissimilar materials.

Tom Chaffer  joined 
TRUMPF in January 
2015. He is Product 
Manager for technical 
sales of TRUMPF Laser 
Technology products 
including high powered 
OEM lasers, optics and 

sensors, also laser systems for cutting, welding 
and laser metal deposition. 

Ceri Brenner is a 
laser-plasma physicist 
and leads the Industry 
Partnerships and 
Innovation Group of the 
Science and Technology 
Facilities Council’s 
Central Laser Facility 
(CLF), with 8 years of 

experience engaging industry with advanced 
laser applications. 

The Association was very sad to hear of 
the death of John Bishop on 16th February 
2020. Back in 1979 John (proprietor 
of Flamecut Products Ltd) converted a 
computer-controlled water cutting machine 
into the UK's first moving optics laser 
profiler and established a spin-off company, 
Lasercut Products. Since that time he was 
an evangelist for laser processing and was 
an active member of AILU and the Job Shop 
Special Interest Group (SIG). 

John Powell (Laser Expertise Ltd) and Dave 
Lindsey (IP Compute UK Ltd) share their 
memories of John.

"The laser jobshop fraternity lost one of its 
leading lights on the 16th February this year 
with the sad death of John Bishop. John 
had been suffering from pulmonary fibrosis 
for some time. A couple of months earlier 
Liz Guntert of AILU had phoned him to invite 
him to the curry which was going to be held 
in May, the night before the ILAS conference 
– John’s response was typical of his humour 
and charm; ‘Yes - if I’m still alive I’d love to 
come’. 

John was one of the pioneers of industrial 
laser cutting and a founder member of the 
Job Shop Committee and we all remember 
him for his helpful, jolly attitude. He was a 
highly intelligent engineer and entrepreneur 
who really enjoyed work - within months of 
selling his laser cutting jobshop he bought 
into a storage firm. He was one of those guys 
who found everything interesting and fun, 
and the storage firm gave him a wealth of 
amusing anecdotes about people’s attitude 
to holding on to things – like the person who 
had so much stuff to store that it wouldn’t 
all fit into one container – so they rented 
two – it was eventually discovered that while 
one container was full, the other contained 
only one knackered old kitchen chair – worth 
about one day’s rental of the container it sat 
in for months!

John leaves behind his lovely wife Diana, his 
daughter Emma, her husband Jamie, two  
 

grandchildren – Miles and William – and lots 
of sad friends. I’m sure I speak for most of 
those friends when I say that John was one 
of the nicest people I’ve ever met. The world 
needs more people like him – not less."
John Powell, Laser Expertise Ltd

"The first time I met John was at the 
inaugural AILU Job Shop SIG committee 
meeting. We got on well from the start. 
John was friendly, always eager to offer help 
and advise and was passionate about his 
business. He had previously demonstrated 
this with his involvement with the National 
Association of Steel Service Centres. He was 
the ideal man to guide the group through its 
initial stages. 

It was always good to meet up with him at 
the annual jobshop meetings or committee 
meetings but, more particularly, at the curry 
house the night before, where his sense of 
humour shone. 

Speaking of his sense of humour, on the 
occasion of my 70th birthday, John, knowing 
that my own time in the laser cutting world 
was coming to its end, gifted me a hack saw. 

Although he had been out of the laser 
business for some time, he still maintained 
his place as a man to look up to. He will be 
missed."
Dave Lindsey,  IP Compute UK Ltd

ASSOCIATION NEWS

AILU'S 26TH ANNUAL GENERAL MEETING

23 APRIL 2020

OBITUARY

JOHN BISHOP
AILU AWARD WINNER 2013

John Bishop receiving his AILU Award in 2013



6

ISSUE 96 SPRING 2020 THE LASER USER

BUSINESS NEWS

BOFA DONATES FACE 
MASKS TO CARE SETTINGS
Poole-based BOFA International has donated 
several thousand face masks to hospices, 
nursing homes and care facilities across Dorset 
and nationally. Tony Lockwood, Managing 
Director of BOFA said: "Getting PPE to front-line 
carers requires a national effort and I’m pleased 
we have been able to contribute." 

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

LUXINAR HELPS IN FIGHT 
AGAINST CORONAVIRUS
Customers of Luxinar in the food and 
beverage and medical device industries are 
experiencing an increasing demand for their 
products in relation to COVID-19. A major 
partner of Luxinar has supplied Perspex 
sheets so that colleagues in the company’s 
applications laboratories can laser cut and 
engrave visors. Colleagues at Luxinar are 
using printers that they have either borrowed 
or made in-house to produce face masks for 
NHS health workers throughout the country. 
Luxinar is supplying the materials and the 3D 
printed parts are being sent to a company 
for assembly and sterilisation before being 
passed to the NHS distribution hub.

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

AILU MEMBERS RISE TO THE CHALLENGES PRESENTED BY CORONAVIRUS

HEXAGON SOFTWARE 
HELPS XL PRECISION

Expanding its suite of VISI software has enabled 
medical components manufacturer XL Precision 
Technologies to increase its capacity by up to 
40%, dedicating that additional production to 
manufacturing parts to fight COVID-19.

XL Precision Technologies already produces 
components for respiratory devices, but saw 
how existing customers and other medical 
companies may need more support more 
quickly, as Coronavirus took hold. A free 
temporary licence from VISI enabled them to 
start increasing capacity immediately.

Contact: Stewart Bint
stewart.bint@hexagon.com
www.visicadcam.com
Contact: Tom Graham
t.graham@xl-pt.com
www.xlprecisiontechnologies.com

THINKLASER MACHINES 
CUT FACE SHIELDS
Thinklaser users have been busy 
manufacturing face masks for local NHS 
trusts across the UK on their Lightblade laser 
cutting systems. Well over 1,500 face masks 
have been cut and sent out to frontline 
NHS staff in recent weeks across the UK. 
Thinklaser MD Tom Sayers says "I’d like to 
say a big thank you to all laser users who 
have been working hard during the pandemic 
to produce vital PPE for the NHS."

Thinklaser has donated facemasks to the 
Intensive Care Unit and are now laser cutting 
scrubs to be sewn together by local volunteer 
groups.

Contact: Tom Sayers
tom@thinklaser.com
www.thinklaser.com

THE MTC DELIVER FACE 
VISORS TO HOSPITALS
After reacting quickly to the demand for 
protective visors for healthcare staff on 
the frontline in the wake of the COVID-19 
outbreak, the MTC prototyped, developed 
and delivered 2,000 units to hospitals around 
the UK.

Contact: Kevin Withers
kevin.withers@the-mtc.org
www.the-mtc.org

VENTILATORS AND MORE 
FROM THE MSS GROUP

The MSS Group, including MSS Lasers, has 
been busy contributing to the call for equipment 
for the NHS. MSS partnered with an engineering 
firm to make ventilators and has recently 
developed a ventilator prototype. The partners 
are waiting for MHRA (UK) and FDA UAE 
(USA) approval so the ventilators can be sold 
into hospitals. The Group has also adapted its 
nitrogen generation technology to make oxygen 
generators for hospitals and other settings that 
require it, and has also been producing 80% 
alcohol hand sanitiser.

Contact: Carlos Gonzalez Lee
carlos@msslasers.com
www.msslasers.com



7

ISSUE 96 SPRING 2020THE LASER USER

BUSINESS NEWS

TWI BECOMES UK’S FIRST 
QUALIFIED AM FACILITY

The TWI Technology Centre (Yorkshire) has 
become the first Additive Manufacturing (AM) 
facility in the UK to secure a signed facility 
qualification from Lloyds Register (LR) for the 
manufacture of components in Stainless Steel 
316L on its EOS M290 laser powder bed fusion 
(PBF-LB) system.

Following an extensive independent audit, the 
site was awarded a facility qualification from LR 
covering the entire end-to-end process including 
design, materials, manufacture, post-processing 
and inspection.

Contact: Paul Goodwin
paul.goodwin@twi.co.uk
www.twi-global.com

BIRMINGHAM UNIVERSITY 
BUYS LASEA MACHINE
The University of Birmingham with the support 
of their strategic project partner, LASEA SA, 
Belgium, have recently commissioned a state-of-
the-art LS4 laser micro-processing machine at 
the University. It integrates two laser sources, a 
50 W green nanosecond and a dual wavelength 
(NIR & Green) 10 W femtosecond laser, to 
perform micro structuring/patterning/texturing of 
almost any material. 

Contact: Vahid Nasrollahi
v.nasrollahi@bham.ac.uk
www.birmingham.ac.uk/amtecaa

TLM Laser has recently announced a 
partnership agreement with BODOR Laser, 
to distribute the company’s range of high 
precision metal laser cutting systems within 
the UK and Ireland. BODOR Laser specialises 
in laser systems applications and integration. 
The company manufactures a wide range of 
flat-bed laser cutting and tube processing 

systems, designated CE compliant from TUV, 
with working envelopes ranging from 600mm 
x 600mm up to 4m x 2m for their flat-bed 
systems, and up to 6.5m for tube processing.

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

NEW LASER CUTTING PARTNERSHIP FOR TLM

AEROTECH
Aerotech is celebrating its 50th anniversary this 
year. Founded in 1970 by Hungarian Stephen 
J. Botos, Aerotech excels in the field of high-
precision motion control. The company has 
around 500 employees worldwide but remains 
a family run company. Together with son Mark 
Botos as president, Stephen’s other son Steve 
Botos also works for the company as Chief 
Officer Communication & Strategy.

Contact: Uwe Fischer
ufischer@aerotech.com 
www.aerotech.co.uk

WALL COLMONOY
Wall Colmonoy celebrates 50 years of making 
metals work harder in Pontardawe, Wales.  
Wall Colmonoy, a family-owned and operated 
organisation with facilities throughout the USA 
and UK, operates in materials engineering 
throughout aerospace, automotive, glass, oil 
and gas, mining, energy and other industrial 
sectors. The UK company exports over 80% 
of its products into the Eurozone, Scandinavia, 
South Africa, Russia, Middle East and India.

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

COHERENT CREATES 
CENTRE OF EXCELLENCE

Coherent, Inc. has expanded its fibre laser 
operation in Tampere, Finland, and designated 
the facility as a “Centre of Excellence for Fibre 
Lasers”. Coherent will combine stand-alone 
fibre laser source assembly and testing at the 
same site with the manufacture of fibre laser 
components, laser engines, and combiners. 

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

NEW TRUMPF AM SYSTEM 
AT MTC KNOWLEDGE HUB

A TruPrint 3000 metal AM system from TRUMPF 
has been acquired by the Manufacturing 
Technology Centre (MTC). Installed within the 
MTC’s National Centre of Additive Manufacturing 
(NCAM), this advanced machine, which is 
based on laser metal fusion technology, forms 
a key part of the NCAM capability. The system 
has been located in NCAM’s recently opened 
innovation and knowledge hub for metal AM. In a 
significant advance for the UK, the new hub aims 
to lead research, development and collaboration 
in metal AM, developing and testing ideas for 
taking the technology forward.

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

AILU MEMBERS CELEBRATE THEIR 50TH

SPI LASERS JOINS TRUMPF 
IN CHINA
SPI Lasers has announced that in order to 
enhance its customer service offering throughout 
China it has combined its business operations 
with its parent company TRUMPF to distribute 
its fibre lasers throughout China.

Contact: Jack Gabzdyl
jack.gabzdyl@spilasers.com
www.spilasers.com
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Manufacturers’ analogue business processes 
are being converted into digital-focused “web 
shops” based on the market-leading sheet 
metal software, RADAN. 

RADAN’s German reseller, 3D Concepts 
says that an important aspect of the digital 
trend is the introduction of a web shop for 
the procurement of sheet metal parts. Here 
customers can request components online, 
be provided with an offer, and place the order. 
Web shops operate autonomously, and are 
accessible 24 hours a day.

3D Concepts has recently implemented 
a web shop for Trio Metall und Design 
GmbH, a contract producer of sheet metal 
components. The digital strategy began early 
last year, focused around digitising internal 
processes and creating a web shop for the 
procurement of sheet metal parts. Trio’s 
workshop runs an Amada EML-3610 NT 
combination machine, two Aada Ensis AJ 
3015 laser cutters equipped with storage 
towers, and a number of press brakes. 

To pursue a complete digital strategy, Trio 
invested in machine tools, software, and 
new employees. The solution puts the 
company in excellent stead for the future. 
They're currently advertising the new web 
shop intensively and expect it to generate 
additional sustainable revenue.

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

A specialist in prototyping and low-volume 
production for a host of high-end automotive 
OEM and tier-one manufacturers has invested 
in a new TruLaser 1030 fibre from TRUMPF, 
the first machine of its type to be installed 
in the UK. The TruLaser 1030 fibre has 
enabled ASE Design & Development Ltd 
to bring in-house its previously outsourced 
requirements for 2D aluminium and stainless 
steel components, which it was not able to 
cut cost effectively on its ageing CO2 laser 
cutter.

“Our previous CO2 laser was getting older, 
more inefficient and slower,” states Director 
Andrew Easter. “Such was its performance 
that we were sending our 2D aluminium 
and stainless steel parts to third-party 
subcontractors.”

The company decided to research the market 
for a suitable alternative, resulting in the 
installation of the TRUMPF TruLaser 1030 

fibre. Offering 3kW of power output via its 
TruDisk 3001 solid-state laser, the entry-
level machine has a working area of 3000 x 
1500 mm and a maximum sheet thickness 
cutting capacity of 20 mm mild steel, 15 mm 
stainless steel, 15 mm aluminium, 6 mm 
copper and 6 mm brass.

Work at ASE typically falls within the 0.5 
to 4 mm thickness range, usually from 
aluminium, stainless steel and mild steel. 
Grilles, bracketry and pressings are among 
the common types of components produced, 
prototypes and low volume production.

“Since installing the TRUMPF TruLaser 1030 
fibre we have stopped putting our laser 
cutting out to subcontractors,” explains 
Mr Easter. “What’s more, we are making 
major savings against our previous machine 
in terms of running costs, as we operate 
with compressed air as the assist gas 
where possible, particularly when cutting 
aluminium.”

“What we’re saving a month on 
subcontracting and running costs is probably 
equivalent to what we’re paying for the 
machine, essentially making it a cost-neutral 
investment. Moreover, our cut quality is better 
and we have far more control over our lead 
times as the process is now in-house.”

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

DIGITAL "WEB SHOPS" BASED ON RADAN SOFTWARE 

CASE STUDIES

AUTOMOTIVE SPECIALIST INSTALLS UK'S FIRST  
TRUMPF TRULASER 1030

MACSA ID SYSTEMS HITS 
THE MARK

After a three-month trial period against inkjet 
printing technology, Macsa ID  has installed 17 
laser marking systems with beam expanders 
at Belgium-based global parts and accessories 
supplier TVH. The company is applying two-
dimensional (2D) codes to 192,000 cardboard 
boxes per day. Proven to significantly reduce 
production line stoppages and downtime, the 
laser solution was chosen for its state-of-the-art, 
modular design, reliability and lower lifetime cost 
of ownership.

The codes contain ten numeric numbers and 
measure approximately 12 mm x 12 mm in size, 
with the purpose of identifying the box at each 
stage of the logistics process, right up until 
shipment.

TVH trialled an inkjet printer and Macsa laser 
unit on a test line over a three-month period. At 
the end of the trial, the Macsa SPA C10 laser 
solution was proven to be more reliable and 
offered a better total cost of ownership. The 
laser system does not require consumables 
which represented a potential saving of 
140,000,000 labels per year. Plus, there are no 
stoppages on the production line due to label 
roll replacements or more unplanned production 
stoppages or losses.

The Macsa SPA C10 laser utilises CO2 
technology and is designed to meet the most 
demanding coding requirements. It can be used 
on paper, cardboard, glass and a variety of 
plastics. A spokesperson for TVH comments: 
"We made a total cost of ownership calculation 
and it became clear that the laser was the best 
solution."

Contact: Neil Greatorex
sales.uk@macsa.com
www.macsa.co.uk
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A TOAST TO LASER GLASS CUTTING - A CASE STUDY

iPROTec (Innovative Process Technology) GmbH, 
a company that designs and builds machines 
for drinking glass production, has developed 
one of the most sophisticated laser materials 
processing methods available in their automated 
systems for removal of the cap, or moil, on 
drinking glasses (that is the excess material 
which adheres to the rim of a glass when it is 
cut from a blowpipe). Specifically, they utilise 
an ultrashort pulse (USP) laser from Coherent 
to perform SmartCleave cutting, which delivers 
superior results, reduced costs, and more 
environmentally-friendly manufacturing. 

Traditional glass cutting
The technologies conventionally used for 
removing the cap can be split into two main 
groups – cap removal from hot or cold glasses. 
The cap can be cut off by heating the glass, 
or by scribing the mouth rim and the use of 
thermal shock. For the latter, the cap is then 
subsequently removed by applying mechanical 
force, either through a blast of air or physical 
contact. 

More recently, the use of a flame for heating has 
been replaced by heating induced using a CO2 
laser. An additional step is required after this 
process to physically remove the cap.

In many cases cutting methods produce a 
different quality than required for the finished 
part. Often various post-processing steps have 
to be used, for example, mechanical grinding 
and flame polishing, to achieve the desired 
surface quality, processes requiring additional 
time and cost. 

Grinding requires water and creates glass debris, 
both of which have environmental impact. The 
glasses must then be dried, which requires 
additional energy consumption, and the use of 
mechanical force on the glass during grinding 
can cause breakage. Finally, since there are unit-
to-unit variations in glass thickness, these cutting 
processes are not entirely repeatable.

Laser filament cutting provides the solution
Filamentation is an alternative glass cutting 
method that exploits the very high-power 
densities that can be achieved with focused, 
ultra-short pulse lasers of even modest overall 
power. Coherent’s tradename for their patented 
version of this energy-efficient process is 
SmartCleave. It enables high-speed cutting of 
straight lines, curves, and insets, without taper, 
into transparent and brittle materials from 50 µm 
to 10 mm in thickness. The process results 
in a final bend strength that is measurably 
superior to mechanical processes, which has 
made it particularly attractive to touchscreen 
manufacturers.

To accomplish filamentation cutting, the output 
of an ultrashort pulse (< 15 picoseconds) laser 
is focused to a small spot within the substrate. 
The very high laser intensity achieved produces 
self-focusing of the beam (due to the Kerr 
optical effect) within the glass. This self-focusing 
further increases power density until, at a certain 
threshold, a low-density plasma is created in 
the material. This plasma lowers the material 
refractive index in the centre of the beam path 
and causes the beam to defocus. If the beam 
focusing optics are properly configured, this 
focusing/defocusing effect can be balanced to 
repeat periodically and self-sustain. This forms 
a stable filament - a line of tiny voids - which 
extends over several millimeters in depth into 
the glass. The typical filament diameter is in the 
range of 0.5 µm to 1 μm.

In order to make a cut, the substrate is moved 
relative to the beam to create a series of these 
closely spaced, laser-generated filaments. With 
chemically- or thermally-strengthened glass, 
internal stress within the part then causes 
spontaneous separation, without an additional 
step. For non-strengthened glass a separation 
step must follow SmartCleave. This can be 

accomplished with either a small mechanical or 
thermal force. For example, the latter is often 
achieved by heating with a CO2 or CO laser or 
flame. 

Burst Mode - maximising edge quality and 
strength
One key factor in the practical implementation 
of laser glass cutting is the use of a USP 
laser which provides so-called “burst mode” 
operation, such as the Coherent HyperRapid NX.

This produces a more gentle (and therefore 
lower stress) localised heating profile than a 
string of pulses with equivalent energy, delivered 
over a longer period. This gentler heating 
cycle produces several important benefits. 
First, it increases cutting speed by as much 
as a factor of two. Secondly, it produces 
holes which are smoother and straighter than 
achieved with single pulse filamentation cutting. 
Thirdly, it essentially eliminates the formation of 
microcracks on the sides of the holes.

The IPROTec system is the first drinking 
glass cutting equipment available that uses 
filament technology, and gives the company an 
advantage because it enables their customers 
to lower their energy consumption, while also 
improving yields and reducing scrap. The system 
has already proven itself to deliver the 24/7 
reliability required by high volume drinking glass 
manufacturers. 

IPROTec’s ability to provide a superior high-
tech solution to a centuries old, low-tech task 
shows how the unique processing abilities of 
USP lasers can revolutionise even traditional 
industries.

Contact: Katharina Manok
katharina.manok@coherent.com
www.coherent.com

Wine glass before and after cap (moil) removal.

The IPROTec system is a fully automated machine for performing wine glass cap removal at rates of 
up to 80 pieces/minute.

CASE STUDY
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On-site nitrogen 
generation for laser cutting
We know that laser cutting is a very 
competitive industry. If your challenge 
as a metal fabricator is to reduce your 
cost per part and maximise throughput 
whilst keeping the quality of your laser-cut 
products high, we might have the answer.

If your nitrogen currently comes from 
bottles or a tank, you can probably reduce 
your nitrogen costs for laser cutting to one 
tenth by switching to an Atlas Copco onsite 
nitrogen generator.

On-site nitrogen supply is not only cheaper, 
it means you will not have to interrupt 
production to change bottles or refill your 
tank. We are sure you’ll never want to buy 
bottled nitrogen again once you have 
discovered the flexibility, convenience and 
economy of onsite nitrogen generation. 

If you are worried about the impact 
of making such a big change to your 
nitrogen supply, we would be happy to 
show you some examples of similar metal 
fabrication businesses and laser cutting 
OEMs who have made the switch and 

Forget transport costs, forget bottle orders and tank refills, 
and create your own nitrogen on site

are pleased they did. We can give advice 
on purity and flow and will supply the 
complete nitrogen generation package 
with warranty and service. 

Our range of nitrogen generators 
are suitable both for intermittent or 
continuous usage and we have options for 
high and low flow requirements, as well 
as high pressure. We supply high purity 
systems to ensure there will be no oxidised 
cut edge on your products but, if you are an 
OEM and require a different specification, 
we can use our expertise to optimise the 
system for your requirements.

Atlas Copco is already a big name in air 
compressors to the metal fabrication 
industry, and can also supply pipework, 
vacuum pumps, parts and service to 
support your laser cutting applications. 

Atlas Copco Compressors 
0800 181085
compressor.sales@uk.atlascopco.com
www.atlascopco.co.uk/nitrogen-laser-cutting

ACUK_Laser Cutting_AD_2002.indd   1 2020-02-10   10:41 AM
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EARLY CAREER RESEARCHERS

EARLY CAREER RESEARCHERS COMMITTEE

HESHAM SAKR 
UNIVERSITY OF SOUTHAMPTON

I started my engineering career at Mansoura 
University, Egypt, before enrolling in an 
Undergraduate Degree in Electrical and 

Electronic Engineering at the University of 
Nottingham, UK, graduating with a First Class 
BEng (Hons). I then commenced a PhD at the 
Mid-Infrared Photonics Group, University of 
Nottingham, UK, in the rapidly developing field 
of mid-infrared (IR) passive and active fibre-
optics. Following my PhD, I joined the Centre for 
Photonics and Smart Materials (CPSM) at Zewail 
City of Science and Technology, Egypt.

Currently, I am a Research Fellow with the 
Microstructured Hollow-Core Fiber (HCF) group, 
member of the Optoelectronic Research Centre 
(ORC), University of Southampton, UK. My 
research aims primarily focus on developing 
ultralow loss and ultrawide band HCFs, suitable 
for multiple applications including optical 
telecoms and high power delivery. 

Outside work, I enjoy swimming and exploring 
new countries. 

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

The Centre for Additive Manufacturing 
(CfAM) at the University of Nottingham has 
worked with colleagues within the University's 
Bioengineering Research Group, Nottingham 
University Hospitals NHS Trust (NUH) and a 
host of external collaborators and contributors 
to develop Personal Protective Equipment (PPE) 
face shields to meet the critical need for COVID-
19 related PPE from healthcare professionals. 
Face shields are part of the government’s 
recommended PPE for coronavirus, providing 
protection to the eyes and face against 
contamination from respiratory droplets arising 
from procedures such as intubation, and from 
splashing of secretions (including respiratory 
secretions), blood, body fluids or excretions.

The face shield comprises a 3D printed 
headband, a laser cut PET visor (with anti-fog 
coating) and is kept in place with a laser-cut 
adjustable strap. Building on an open-source 
headband design originally from HP, the team 
made modifications to ensure the face shield 
could pass a regulatory test by BSI to ensure 
the highest level of protection is provided. The 
face shields successfully passed the BSI tests 
and are CE approved for use as part of PPE for 
healthcare workers’ protection against COVID-19 
in both hospital and community environments. 
The flexibility of Additive Manufacturing and laser 
cutting technology made it possible to arrive at 
a design, get it tested, approved, manufactured, 
and delivered in a very quick time frame (under 
a month). Thousands of devices are now being 
used by local doctors and hospitals.  

As well as using their own EOS Laser Sintering 
equipment, the University of Nottingham’s 
engineering team have been heavily supported 
by Matsuura UK to produce the 3D printed 
element, using their HP MultiJet Fusion process. 
The visor element has been made with the help 
of local firm, Prime Group. Nottingham Trent 
University are now ramping up for production of 
the laser-cut strap.

The team have made the design and its 
accompanying documents ‘open-source’ to 
enable other manufacturers to produce the face 
shields – however, manufacturers will need to 
obtain their own CE certification.

Contact: Nesma Aboulkhair
nesma.aboulkhair@nottingham.ac.uk
www.nottingham.ac.uk

NOTTINGHAM ENGINEERS PRODUCE CERTIFIED 3D 
PRINTED FACE SHIELDS FOR NHS
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INTERVIEW

IMPACT AND INNOVATION
TO IMPROVE MANUFACTURING
AN INTERVIEW WITH BILL O’NEILL
PROFESSOR OF LASER ENGINEERING, IfM, UNIVERSITY OF CAMBRIDGE   

Q. How did you come to be Professor of Laser Engineering at Cambridge?
After completing my 
BSc and MSc at Essex 
University, I studied for my 
PhD at Imperial College, 
under the supervision of 
Prof Bill Steen. I moved 
to Liverpool with Bill in 
1988 and helped him re-
establish his pioneering 
laser research group.   

I spent 15 years at 
Liverpool, firstly with 
Bill in the Department of 
Mechanical Engineering, 
followed by an 8-year 
period in the newly 
established Department 
of Industrial Studies. 

I later moved to 
the Institute for 
Manufacturing at 
Cambridge working to 
establish an EPSRC 
Innovative Manufacturing 
research centre.

We have had many fruitful 
collaborations over the 
years establishing the 
Centre for Ultra Precision 
with Cranfield and 
Nottingham, exploring 
new fibre laser systems 
with Dave Richardson’s 
group at the ORC in 
Southampton, and 
developing ultrafast digital 

holographic camera 
technology with Prof 
Hand’s group at Heriot 
Watt as part of an EPSRC 
CIM.

More recently there has 
been a lot of work on 
additive manufacturing 
including a large 
programme to improve 
the precision and 
productivity of the SLM 
process, in addition 
to further work on the 
quality and resolution 
of Supersonic Laser 
Deposition.

INTERVIEW
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INTERVIEW

Q. Tell us about the Department of Engineering  
 at Cambridge 

The department has several research divisions including: 
Energy, Fluid Mechanics and Turbomachinery; Civil Engineering; 
Mechanics, Materials and Design; Information Engineering, and 
the division I belong to which is Manufacturing & Management. 
We have around 350 Engineering undergraduates in each 
year group that follow a common 2 year general engineering  
programme after which they specialise in their final two years 
to obtain an MEng degree. I teach on the  Manufacturing 
Engineering Tripos which is  an option for the final two years of 
the Cambridge Engineering degree that develops and applies 
engineering knowledge in a business context.

Q. What is the calibre of undergraduates you  
 see arriving at Cambridge?

We are lucky to attract some of the best young engineering 
talent the world has to offer. Our admissions process is very 
demanding and requires a high level of mathematical ability 
and problem-solving skills.

Q. How has the recent Covid-19 crisis affected  
 your department? 

Like other universities in lockdown, we have had to move 
everything online. This includes, lectures, college-based small 
group supervisions, and administrative committees. We have 
not had access to laboratories although we are hopeful a slow 
phased return to work will commence in the coming weeks. 
Fingers crossed!

Q. Does your work result in commercialisation  
 via spin-out companies? 

We are encouraged to generate impact and translation 
activities that lead to technology licences or the formation of 
spin-out companies. The Cambridge model works extremely 
well and has helped establish Laser Fusion Technologies Ltd 
that holds the international patents on the Supersonic Laser 
Deposition Process which achieves very high deposition rates 
of metals up to 50 kg/hr with nitrogen gas which is much 
cheaper than  helium typically used in the Cold Spray process, 

and offers better quality deposits. 

LFT are working closely with a global client base to exploit 
the technology across a number of industrial sectors. Our 
latest spin-out is CamAdd Ltd, which is developing high 
productivity Selective Laser Melting technologies for aerospace 
applications.

Q. What do you see as the exciting    
 developments in the future of laser-based  
 Additive Manufacturing?   

I think that there are large strides that will be made in the 
productivity, quality and throughput of the additive process in 
metals. The technology has come a long way already, but I 
think the gap in surface finish between additively manufactured 
metal parts and their conventionally machined counterparts will 
continue to close. 

This will result in the economic and technological case for 
laser AM becoming more attractive as improvements are made 
and some of the weaknesses are addressed to make AM the 
manufacturing method of choice for applications other than 
rapid prototyping and bespoke high value manufacturing. 

Q. What is the best thing about AILU for   
 you? 

AILU is incredibly valuable to the laser community, in terms 
of spreading the word about use of lasers for manufacturing 
through events like ILAS and the magazine. Also, the role 
of influencing national strategy and research funding is very 
important, and one that I have been involved in and continue to 
believe we should pursue. 

I can’t quite believe that AILU is 25 years old this year, having 
been involved since the beginning and watched it develop 
through the years. I was very saddened to see the ILAS 2020 
event cancelled this year, and was looking forward to catching 
up with my laser mates old and new. I would very much like to 
have more time to get back into AILU events and activities in 
the coming years. So keep up the good work Dave!

Contact: Bill O'Neill
wo207@cam.ac.uk
www.ifm.eng.cam.ac.uk

I can’t quite believe that AILU 
is 25 years old this year...  

“

”

Like other universities in 
lockdown we have had to 
move everything online. 

”

“



14

ISSUE 96 SPRING 2020 THE LASER USER

JOB SHOPS SUPPORTING COVID-19 BATTLE

JOB SHOP CORNER

The need for full face visors to protect doctors 
and nurses treating infected patients has been 
met by an army of home 3D printers, colleges 
and companies with laser cutting. Some designs 
allow the full face mask to be made from two 
different materials as shown in the example here 
from Cutting Technologies, near Barnsley 
in Yorkshire. Batches of 10,000 have been 
produced to keep one of the major suppliers of 
the NHS equipped with sufficient stocks to meet 
the growing demand.

Contact: Barry Proctor 
barryp@cut-tec.co.uk 
www.cut-tec.co.uk

Specialist manufacturer Gratnells has 
been supporting the new NHS Nightingale 
hospitals by cutting and fabricating medical 
trolleys on their BLM fibre laser tube cutting 
machines. The picture above shows a load 
of trolleys ready for delivery to the Excel in 
London in early April. 

The trolleys are laser cut then assembled and 
powder coated with anti-microbial paint. It 
is gratifying to hear of many other job shops 
working on trolleys, beds, ventilator frames 
and enclosures – and the way in which these 
can be manufactured in days to meet the 
urgent needs.

Contact: Murray Hudson 
murrayh@gratnells.co.uk 
www.gratnells.com

Hybrid Laser Tech provided laser cut parts 
to AILU member TTP for the UK Ventilator 
Challenge. A cluster of companies in the 
Cambridgeshire area worked together to 
design and build ventilators to assist the UK 
Government efforts to increase capacity for 
critical care equipment, using as many readily-
available parts which could be delivered quickly 
using local suppliers. 

Contact: Kevin Thompson 
kevin.thompson@hlt.co.uk 
www.hlt.co.uk

As part of their ongoing battle against 
COVID-19, the WEC Group (including WEC 
Laser and DNA Metalwork) has developed 
a new range of foot-operated hand sanitiser 
dispensers which will help employers ramp 
up their efforts to make  workplaces safer for 
staff and visitors. 

These dispensers were initially manufactured 
for use in WEC's own factories across the UK 
but the Group decided to increase production 
to make them available to other companies. 
The dispensers are ideal for reception areas, 
staff kitchens and restrooms, schools, shop 
and supermarket entrances, pharmacies, 
walk-in centres, gyms, pubs and restaurants, 
staff car parks, cinemas and sport venues.

Contact: Jamie Sharp
jamie.sharp@dnametalwork.com
www.wec-group.com

Hollinbrow Preceision Products was also part 
of the UK Ventilator Challenge UK. From a phone 
call on a Saturday evening to mass production 
on Tuesday, 8000 parts were ready to go on the 
Thursday. Hollinbrow is proud of its team and 
extremely pleased to be part of the challenge.

Contact: Jon Griffiths
jgriffiths@hollinbrow.co.uk
www.hollinbrow.co.uk
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Unless you have been living in a cave, and some of us 
certainly feel that way, you will have noticed in just a 
few short months the current Coronavirus pandemic has 
transformed peoples' lives worldwide including how we do 
business, so what is going to be the new “normal”?

Personally I have been working from home for over 5 weeks, 
trying to run a factory, manage the staff and perform most of 
the “paperwork” remotely. Initially I said this was impossible 
- it has certainly not been easy, however we have been 
making it work for now but I’m not sure how much longer it 
is practical.

Most manufacturers, including Job Shops, are experiencing 
some level of decline in sales. Some of our customers are 
actually busy in spite of the pandemic; others are busy 
because of it. We all know about the Herculean effort going 
into projects to help NHS and frontline workers such as the 
ventilators and face shields, and some of you have been 
engaged in some of these projects, so thank you to all those 
who are helping those who need it.

I know some companies have all been 100% staffed, others 
closed completely and many with remote workers so as 
the lockdown now starts to lift what will our new “normal” 
look like? How do you keep social distancing in place 
where 2 people are required on 1 job? How are we going to 
provide enough PPE when even some hospitals have been 

struggling to source enough? There are so many questions 
and unknowns. 

We will all need to re-assess working processes and how 
we can function safely. Some of us will find this easier than 
others. The most visible examples of what to expect are the 
measures seen at the major supermarkets. I am expecting 
social distancing, facemasks and extra hygiene protocols to 
become our new normal for several more months to come. 
We all know a cure or vaccine is not coming in the near 
future so we will have to persevere with small, simple and 
practical steps to help reduce the spread. 

Let’s hope that the message that the economy needs to get 
back to work really takes hold fast. Sales at my company 
are picking back up, but the overall affect on the economy 
is yet to be fully determined. This recession will not be like 
any other in living memory and therefore markets could 
bounce straight back once this is all over. How long this will 
take to be over though is anyone’s guess but the situation 
is improving and faster than many expected. However, it 
looks like the new “normal” is going to be more of the same 
strange new measures for now. 

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

CHAIR’S MESSAGE

THE NEW "NORMAL"
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Choose a laser 
gas supplier 
you can trust 
Laser cutting requires consistency, efficiency 
and productivity.
At Air Products we have high purity laser gases.
We will work with you to supply the most cost 
effective delivery mode to minimise waste and 
ensure flawless quality.
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LASER SAFETY

Laser safety is a legal requirement and 
should be one of the top priorities in 
any laser-using establishment. However, 
with the advent of high power and high 
brightness lasers with powers exceeding 20 
kWs in continuous wave, the containment 
of the laser radiation and safety of the staff 
becomes more challenging. Often the cost 
of laser safety can exceed the cost of a 
laser itself. 

According to the BS EN60825-4 standard 
(Safety of Laser Products – Part 4: Laser 
Guards) there are three different containment 
classifications depending on the operation mode 
and this stipulates how long the guard material 
should withstand incident radiation from a direct 
or a reflected beam: T1 for automated machine 
usage (30,000 s), T2 for short cycle operation 
with intermittent inspection (100 s) and T3 for 
continuous inspection by observation (10 s).

In most laser applications, either T2 or T3 
classification applies unless a system is operated 
in a fully automated mode. However, there are 
no standards suggesting which materials should 
be used for laser enclosures and this is left to 
the system integrator or end user to determine. 
This article presents experimental data on the 
behaviour of common building materials to 
direct laser radiation of a high power laser, and 
gives an example of building a high power laser 
enclosure.      

Different approaches to laser safety
There are many different approaches to laser 
safety and professional help can be sought from 
many commercial suppliers of laser enclosures, 
but in principle they can be divided into three 
groups:  

Active enclosures – use composite walls with 
printed circuit, which in the event of interaction 
with stray laser radiation breaks the circuit and 
stops the laser emission. Such solutions can be 
effective but are expensive and complex. 

Passive enclosures – use solid, homogenous 
materials, such as brick, concrete or metallic 
walls with appropriate thickness to contain laser 
radiation. Such solutions are more cost effective 
but are often very bulky due to the safety factor.

Engineering control – in addition to the above 
methods it is important to implement limits to 
the position of the laser optics to minimise the 
risk of direct laser exposure and reduce the cost 
of an enclosure. This can be done by fixing the 
position of the laser optics which minimises the 

risk of direct incident radiation interacting with 
the walls of the enclosure. The user just needs 
to contain reflected radiation, which is much less 
expensive. 

Regardless of the approach used it is the 
responsibility of the laser user or system 
integrator to estimate the Foreseeable Exposure 
Limit (FEL) of a laser system and choose an 
appropriate enclosure, according to the required 
operation classification. The FEL can be 
estimated based on the propagation properties 
of a laser system and enclosure layout. A safe 
laser system requires the guard material to have 
the permissible exposure limit (PEL) greater 
than the foreseeable exposure (FEL) of the laser 
system.    

Permissible Exposure Limit (PEL) of 
common building materials
Five different materials were exposed to the 
radiation from an 8 kW CW fibre laser. The time 
taken to achieve complete burn-through was 
measured for different power levels and beam 
diameters. If no burn-through was achieved 
after 600 s the experiment was terminated. In all 
cases the beam diameter and laser power were 
calibrated using a commercial laser diagnostic 
systems. The following materials were tested: 

• 12.5 mm plaster board
• 12 mm S355 steel 
• 12 mm aluminium 
• 102.5 mm brick (facing brick)
• 100 mm aerated breezeblock 
• 100 mm breeze block (dense concrete block) 

The building materials and aluminium were 
sourced from local suppliers and tested in 
as-received condition. The aim was to test the 
materials at high power densities to simulate 
their behaviour with incident direct radiation, 
which is much higher that reflected radiation 
under normal conditions. 

Results  
The best result was achieved for the breeze 
block, followed by aluminium, brick, aerated 
block, steel and plaster board (Figure 1). The 
burn-through times varied greatly depending on 
the material and beam diameter (power density) 
applied. For example, all materials performed 
poorly for 10 mm beam diameter. In contrast, 
when the beam was increased to 20 mm, both 
aluminium and breeze blocks resisted the laser 
radiation for over 150 s which is sufficient for T2 
level of protection. When the laser beam was 
increased to 45 mm the breeze block did not 
show any significant damage even after 600 s.  

As shown in Figure 2, several damage 
mechanisms were observed and can be grouped 
into three different categories; burning (chemical 
decomposition), melting or glassification, and 
heating.

Plasterboard 
• Burning was the main damage mechanism 

due to the composition of plasterboard. 
• At a beam diameter of 70 mm, plasterboard 

only survived 30 s direct irradiance at 8 kW 
and 45 s at 5 kW. 

• Plasterboard will only protect the user from 
scattered reflection.  

PROTECTIVE EXPOSURE LIMIT (PEL) 

OF COMMON BUILDING MATERIALS
WOJCIECH SUDER & GONCALO PARDAL  

Figure 1: Time to burn through for different materials exposed to 8 kW laser radiation with 
different beam diameters.
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LASER SAFETY

Brick
• Under all test conditions, brick glassified to a 

black freely-flowing viscous glass-like material 
exposing fresh material the laser beam. 

• Survived for over 100 s (T2 level) at 8 kW 
of power when the beam diameter was 
increased to 45 mm. 

• Not recommend for high power laser 
enclosures, other than to protect from 
scattered radiation. 

Aerated breeze blocks
• Lower density than regular breeze blocks, 

exhibiting lower melting threshold.
• Slightly lower burn-through times than 

standard brick.
• Not a good option for a passive barrier.
Steel plate
• Exhibited standard melting characteristics 

and did not manage to withstand the direct 
irradiation of the laser beam for more than 
100 s at any of the power densities tested.

Aluminium 
• High burn-through times especially for beams 

larger than 20 mm, due to high reflectivity 
at 1 μm wavelength and high thermal 
conductivity.  

• The laser energy was being reflected to 
another area of the laser enclosure generating 
a possible fire hazard.

Dense breeze blocks 
• For beam diameters of 10 or 20 mm (at 8 

kW of power) burning was observed with a 
flame projected to the outside of the brick 
and a plume following it. This created a cavity 
that penetrated through the thickness of the 
block.

• At 20 mm beam diameter, the burn-through 
time was over the T2 threshold of 100 s. 

• At a beam diameter of 30 mm and beyond 
burn-through time increased exponentially. 
Only a surface glow without any visible 
propagation of the damage was observed. 

• Withstood 8 kW of power for a duration of 
600 s with just a surface burn mark (sample 

33, Figure 2d). The same was observed for 5 
kW at 30 mm beam size.

• The burn-through time was not linearly 
proportional to the material thickness. When 
the thickness of the breeze block was 
increased from 100 mm to 200 mm the burn 
time increased by more than a factor of 12 
for the beam size of 10 mm. 

Of all the materials tested in this study dense 
breeze blocks gave the best performance. 
A video recording of this experiment can be 
accessed on YouTube (https://youtu.be/Q_
SVfyIWc5Q).

Enclosure design 
For a given material, the burn-through time is 
proportional to the power density. In Figure 
3, all data for all powers and beam diameters 
are presented as a function of power density 
for breeze blocks and plaster board. Such 
graphs can be used to design the thickness of 
an enclosure wall in different materials. In this 
case we decided to build a laser enclosure for 
an 8 kW laser according to T2 requirements 
(semiautomatic operation with supervision) which 

must survive a minimum of 100 s of irradiation. 
We have also assumed a worst-case scenario 
of a direct irradiation of the wall material by the 
laser beam.

From Figure 3 we can calculate a safe power 
density level for a particular guard material to 
survive the required 100 s and calculate a safe 
distance between the enclosure and optics. An 
example is shown in Figure 4 which shows how 
the power density varies with distance for the 
laser system and the burning time for plaster 
board, brick or breeze block. It is apparent that 
the wall should not be located closer than 300 
mm from the focal point if we used the breeze 
blocks, or at least 500 mm if we used a brick 
wall. In the case of a standard 12.5 mm plaster 
board the limit of 100 s could not be achieved 
within the tested range, so in this case the 
thickness of the material would need to be 
quadrupled, even for distance of 1000 mm. Note 
that in reality a safety factor of at least 1.3 is 
recommended. 

Conclusions
• In general, the dense breeze block material 

showed really good resistance to direct laser 
radiation.

• Plaster board and aerated breeze block 
did not show good resistance to the laser 
radiation and should only be used to protect 
against diffused reflection. 

• The FEL and the right engineering measures 
are paramount because for every material 
there was a threshold power density above 
which the rapid damage occurred.

• Passive enclosures can provide a safe 
solution for high power high brightness 
lasers. 

Contact: Wojciech Suder
w.j.suder@cranfield.ac.uk
www. cranfield.ac.uk

Figure 2: Failure mechanisms of different materials; a) plasterboard, b) brick, c) steel, d) breeze 
block, e) aerated breeze block, f) aluminium.

Figure 3: Burn through times as a function of 
power density for plaster board and dense 
breeze block. 

Figure 4: Estimated time to burn through as 
a function of distance from the optics (power 
density) for plaster board, brick and dense 
breeze block.

Wojciech Suder is a lecturer at Cranfield University. His 
areas of expertise include laser processing, industrial 
applications of laser welding, and additive manufacturing. 

SEE OBSERVATIONS P28
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LASERS MEET THE CHANGING 

DEMANDS OF MICROELECTRONICS 
HATIM HALOUI 
The electronics industry is characterised 
by a relentless drive to deliver increased 
miniaturisation and higher functionality. This 
impacts virtually every level of electronics 
fabrication, including several critical 
micromachining steps in the production of 
both rigid printed circuit boards (including 
package substrates) and thinner flex 
circuits. Specifically, these involve (a) 
drilling blind and through holes (vias) 
that are then electroplated to electrically 
connect different layers of the circuit board, 
and (b) cutting/trimming the individual 
boards/substrates. Several of these laser-
based processes are reaching the spatial 
limitations of the currently established laser 
technology for the particular application. 
As a result they are transitioning towards 
the use of ultrashort pulse (USP) lasers at 
short (visible and ultraviolet) wavelengths. 
This trend is being supported by laser 
manufacturers with USP lasers that offer 
high power and lower capital costs, 
delivering the requisite combination of 
improved products and high throughput. 

Shorter Pulses, Shorter Wavelengths
When cutting and drilling printed circuit boards 
(PCBs) and flex circuits it is important to 
minimise HAZ – the heat affected zone where 
material adjacent to the cut or hole is thermally 
degraded in some way. HAZ can be minimised 
using USP lasers. The use of short pulses results 
in a “colder” process. That is because the pulse 
duration is shorter than the thermal diffusion 
time in organic materials. In other words, much 
of the pulse energy is carried away in the 
ejected material, before it has time to spread, 
as shown schematically in Figure 1. USP lasers 
have much smaller pulse energies than say 
nanosecond lasers, but process throughput 
is high because the reduced pulse energy is 
offset by the lower ablation threshold (higher 
processing efficiency) with USP lasers. Moreover 
USP lasers are capable of much higher pulse 
repetition rates, which support processing in 
fast multiple passes, making them well-suited 
to selectively machining thinner layers on top of 
a substrate which is often ceramic based. For 
most applications, the total thickness is 1 mm 
or less but for specialty applications such as in 
the automotive industry the overall thickness can 
be up to 2 mm. Two key laser-based processes 
are drilling the blind vias to form connections 
between the top conductor layer and targeted 
lower layers, and then cutting individual PCBs 

from the larger panel used for high volume 
fabrication. The diameters of the holes (vias) 
are currently in the 50-100 microns range and 
the final PCBs are typically simple squares or 
rectangles, with no shape complexity except for 
the occasional cutout.

Traditionally the cutting and drilling were both 
mechanical using saws and drill bits. A typical 
drilling machine for 100 micron vias incorporates 
six drilling heads each capable of 20 holes/
second. However, the drill bits only have a 
lifetime of 2000 holes. Over the past decade 
these machines have been widely displaced 
by tools based on sealed carbon dioxide (CO2) 
lasers – mid-infrared workhorse lasers that offer 
unrivalled power/cost ratios. However, with 
via diameters at 50 microns and less, the CO2 
laser cannot deliver the requisite resolution and 
produces too much HAZ. For these applications, 
nanosecond green lasers have often been 
preferred. But now the market is looking to USP 
picosecond lasers with green output to deliver 
the ideal combination of small diameters, low 

HAZ and high-speed throughput – see Figure 
2. These latest green picosecond lasers offer 
high (up to 2000 kHz) pulse repetition rates 
and the high power needed to drill up to 3000 
holes/s when used in conjunction with fast galvo 
scanners. 

The most common laser tool for cutting PCBs 
is the ultraviolet nanosecond laser. However, the 
longer pulses cause edge discoloration which 
impacts the perceived value and leaves debris 
that needs post-process cleaning, which must 
be accomplished without damaging the circuitry. 
As a result, PCB manufacturers are increasingly 
looking to infrared or green USP lasers for a 
single-step cutting process. Infrared USP lasers 
deliver the highest power for the lowest cost 
whereas green USP lasers deliver the best 
results – see Figures 3 and 4. 

Flex Circuits
Flex circuits are laminates of copper and a 
flexible polymer (such as polyimide, PI) and less 
commonly copper and liquid crystal polymer 

Figure 1: With short pulse lasers, much of the pulse energy is carried away in the ejected material, 
resulting in a major reduction in HAZ in virtually all materials.

Figure 2: Blind via holes drilled in ABF on copper under different magnification and view angles. 
These were created with a picosecond green laser operating at 25 watts. The hole diameter and 
depth are both 40 microns. The maximum drill rate is 1000 holes/s.
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(LCP). To deliver the requisite flexibility they 
are much thinner than rigid PCBs with typical 
thicknesses in the 100-300 microns range. 
The key laser processes are again drilling and 
cutting. For several years, these tasks have been 
mainly the domain of nanosecond ultraviolet 
lasers with a wavelength of 355 nm. Several 
manufacturers are now looking to transition to 
picosecond ultraviolet lasers driven by the need 
to cut narrow features and complex curved/
shaped cut contours that applications for flex 
circuits increasingly require. (A typical example 
is the tightly folded circuitry located behind 
the OLED display in the latest smartphones.) 
Moreover, nanosecond lasers are limited to a 
repetition rate of a few hundred kHz, whereas 
picosecond lasers can reach thousands of 
kHz. Together with the lower ablation threshold 
with the shorter pulses as described above, 
this means that lasers like the HyperRapid NX 
355 from Coherent can deliver a 10x increase 
in cutting speed compared to nanosecond 
lasers. Specifically, when one of these lasers is 
operated at 50 W with a repetition of 5 MHz, we 
have demonstrated effective cutting speeds up 
to 1000 mm/s for polyimide flex circuits up to 
130 microns in thickness and a cutting width of 
<50 µm.

The low HAZ is also a result of energy control 
features in advanced USP lasers, for example 
Coherent's Pulse EQ. When scanning the 
beam in complex patterns, the speed inevitably 
changes between straight cuts and curves and 
when the motion switches directions. With fixed 
pulse rates, this means excessive dwell time and 
increased HAZ at cut corners. But with features 

such as Pulse EQ, the laser pulse rate is slaved 
to the scanners and just as important the pulse 
energy is held constant, irrespective of the scan 
speed. This guarantees the same high cut quality 
in the corners of the cutting contour.

Advanced USP lasers also deliver noticeably 
improved hole quality than nanosecond lasers – 
see Figure 5. And since flex manufacturers are 
looking to use a single laser tool to perform both 
drilling and cutting, these USP lasers are poised 
for success in both tasks. 

Summary
In conclusion, several micromachining tasks in 
both rigid and flex circuits are pushing the limits 
of longer pulsed laser methods. Fortunately, the 
latest USP lasers deliver both the superior results 
and the higher speeds that these applications 
now demand. 

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

Hatim Haloui is senior manager for application 
technology with responsibility for advanced process 
engineering, process development and key accounts. 
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SEE OBSERVATIONS P28

Figure 5: Blind holes in flex circuits. 50 micron diameter holes drilled in 30 microns thickness ABF 
on copper with an ultraviolet picosecond laser operated at 10 watts with a repetition rate of 1 MHz. 
The drill rate is >3000 holes/s. The holes show almost no taper. In the centre image the microscope 
is focused on the top of the holes, in the right image it is on the bottom of the holes.

Figure 4: Cross-section of different PCB materials cut with a ps-laser. Left: 1.3mm SiP including metal layers (cutting speed >10mm/s). Middle: 250µm 
thick PCB “fingerprint sensor” on ceramic (cutting speed > 40mm/s a green picosecond laser). Right:1mm thick PCB (cutting speed >20mm/s) with an 
infrared picosecond laser). 

Figure 3: Cutting of 1.2mm thick SiP (System-in-Package): Left with a picosecond green laser 
(cutting speed  >10mm/s). Right with ns-UV-laser (cutting speed <10mm/s). 
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LASER ARCHITECTURE

A NOVEL INDUSTRIAL FEMTOSECOND

LASER ARCHITECTURE SOLUTION 
JASON LEE ET AL*  
The combination of high peak power 
(several 10’s MW) and extremely short pulse 
duration have enabled a diverse range of 
novel processes. For example, high quality 
micromachining requires minimal heat 
affected zones that are reliant upon an 
extremely short pulse duration. Conversely, 
the separation (and joining) of transparent 
materials utilise intensity-dependent non-
linear effects within the bulk of the material 
to create damage or localised heating. 

Recently, to improve the quality and efficiency 
of many of these processes, the required 
pulse durations have reduced from the 
‘picosecond regime’ (1 ps – 15 ps) to the 
‘femtosecond regime’ (<1 ps). This has 
introduced new challenges related to generating 
the necessary pulse energies and average 
powers whilst avoiding damage to sensitive 
optical components. Also, limitations of the 
current technologies for the relative movement 
of the beam and work piece create practical 
upper Pulse Repetition Frequency (PRF) limits 
for micromachining of ~1 MHz whilst typical 
processes for machining transparent materials 
requires high frequency bursts of several 10’s 
MHz. Ideally, a single technology platform would 
accommodate the entire range of applications 
whilst providing the necessary average power, 
pulse durations and pulse energies to achieve 
productivity targets.

Achieving the required average power over the 
required range of PRFs is a significant challenge. 
A range of competing technologies have 
emerged, each with associated advantages and 
limitations. All commercial systems at >10 W are 
based upon master oscillator, power amplifier 
(MOPA) configurations. Typical arrangements 
consist of a pulse-picked seed with up to 5 W 
average power and a PRF of up to 50 MHz, and 
a carefully designed bulk amplifier to minimise 
thermal effects to allow the output to increase 
beyond 50 W. The most commonly utilised 

bulk amplifiers are thin disks [1], thin slabs 
[2] and single crystal fibres [3]. The low gain 
in thin disk geometries requires regenerative 
amplification using a modulator that limits the 
upper PRF to < 1 MHz, thereby restricting the 
range of accessible applications. Multi-pass 
configurations increase the potential PRF but 
require higher seed power (>15 W). Both single 
crystal fibres and thin slabs typically have much 
higher gains, but reasonable average powers 
(>1 W) are required to saturate the amplifier. 
Therefore, as with the multi-pass thin disk, the 
reduced pulse-picked seed power limits the 
amplified average power at the lower PRFs.

This article describes an approach for generating 
high energy femtosecond pulses over a large 
range of PRFs based upon the combination 
of a unique pumping technique [4] and a 
novel amplifier architecture [5]. The amplifier 
architecture and the pumping technique 
distinguish the technology from the well-
known Innoslab technology and offer important 
functional benefits when integrated within the 
LXR 100 from Luxinar [6, 7, 8].

Crystal Pumping
Thin slab amplifiers may be manufactured from 
a range of crystalline and glass materials. The 
choice is determined by thermo-mechanical 
properties, the availability of suitable pump 
diodes, and the gain bandwidth. In particular, 
for ultrashort pulse lasers, the gain bandwidth 
must be sufficient to support amplification 
across the bandwidth of the input pulse 
otherwise ‘gain narrowing’ occurs and the 
pulse duration increases. For femtosecond 
lasers, Yb doped materials such as Yb:YAG are 
generally employed; however, this material has 
a significant lower laser level population at room 
temperature, necessitating uniform pumping of 
the amplifying region with a minimum intensity 
level to ensure net gain. Uniform pumping has 
the added benefit that heat flow is essentially 

one dimensional, eliminating depolarisation 
effects and resulting in well-controlled thermal 
lensing.   

Uniform pumping requires a pump beam 
geometry matched to the thin slab crystal 
geometry. Figure 1 shows the optical 
arrangement used for generating such a beam 
profile. In the fast axis of a laser diode array 
the combination of a fast axis collimator and 
spherical lens re-size the beam to ~25% - 
30% of the crystal height. In the slow axis, 
the output from individual broad area emitters 
is acted upon by a slow axis collimator. The 
slow axis collimators are fabricated on a single 
substrate to form a SmileSAC [9] where the 
relative orientation of each slow axis collimator 
lenslet may be adjusted to correct for pointing 
variations from the individual emitters and the 
laser diode ‘smile’. The SmileSAC in combination 
with the spherical lens acts to image and 
overlap the near-field of the broad area emitters 
to form a near top hat profile, an example of 
which is shown in Figure 2. Not only is the 
required spatial profile created by overlapping 
the images but this also provides tolerance to 
individual emitter failure. By pumping the crystal 
through two opposite facets orthogonal to the 
seed propagation direction, the seed beam 
experiences a uniform gain across the width of 
the crystal. Typically, small signal gain coefficients 
> 2.5cm-1 have been achieved utilising this 
technique. 

Amplifier Architecture
The requirement for a large dynamic range 
of pulse energies and PRFs is achieved by 
incorporating the pre- and power-amplification 
functions within a single crystal. Figure 3 shows 
the input of the seed beam along an initial 
direction which forms the pre-amplification path. 
This seed beam is passed twice over the same 
path thereby reaching a power level sufficient to 
saturate the power amplification path. The power 

Figure. 1: The beam shaping arrangement (a) in the fast axis of the laser diode bar and (b) in the slow axis. The propagation axis refers to the 
propagation axis of the pump light. The seed laser propagation axis is orthogonal to the pump axis in (b).
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amplification path is along a different direction 
to ensure sufficient separation between the pre-
amplifier and power-amplifier beams. Combining 
the power and pre-amplification functions into 
a single crystal permits a compact device, 
reduces the required components and enables 
the important characteristic that for a significant 
frequency range the output power is essentially 
independent of seed power, and pulse-picked 
PRF, provided pulse energy damage thresholds 
are not exceeded.

The technique has been demonstrated with 
seed lasers operating with a range of parameters 
between continuous wave and 500 fs pulse 
duration, at PRFs between <1 MHz and up to 
50 MHz at a wavelength of 1030 nm. In each 
arrangement, significant amplification was 
achieved largely independent of the seed power 
in the range of ~50 mW to 5 W. For example, 
the chirped output of a pulse-picked fibre-based 
oscillator was used to seed the same amplifier 
arrangement with average powers of 100 mW 
to 1 W, PRFs of 1 MHz to 10 MHz, at a pulse 
width of 70 ps. The results are shown in Figure 
4. The maximum output power achieved was 
275 W and, significantly, was maintained over 
the range of PRFs between 1 MHz and 10 MHz. 
The lower PRF was limited by potential damage 
to the crystal whilst the upper PRF was limited 
by the available pulse frequency from the seed. 
In principle, the output power would also be 

maintained at higher and lower PRFs provided 
damage threshold requirements are satisfied. To 
generate the required pulse duration of 900 fs a 
grating compressor with an efficiency of ~90% 
was used. 

Summary
The combination of a novel pumping technique 
and a unique pre-/ power amplifier integrated 
into a single crystal has created an ultrashort 
pulse amplifier architecture capable of producing 
a large dynamic range of pulse energies and 
average powers over a large range of PRFs. It is 
this technology within the LXR 100 from Luxinar 
which ensures the system is extremely flexible 
and suitable for a diverse range of applications.
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Figure. 2: The pump beam input to the thin slab. Figure. 3: Amplifier arrangement incorporating both double-pass pre-amplifier and single-pass 
power amplifier stages.

Figure. 4: Demonstration of the amplifier in the ps pulse regime; (a) average power and (b) pulse energy for a range of frequencies at an output 
wavelength of 1030nm.
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Additive manufacturing (AM), also known 
as 3D printing, is recognised as a key 
technology at the forefront of the fourth 
industrial revolution. This is clearly reflected 
in an exponential increase of the global 
AM applications over the last 10 years. 
Of particular prominence are the fusion 
AM techniques that utilise lasers for the 
creation of metallic components directly 
from metallic powders (grouped under the 
umbrella name of laser powder bed fusion, 
L-PBF). These techniques offer tremendous 
advantages in creating complex geometries 
and the possibility to fabricate novel 
hybrid materials to achieve unprecedented 
properties. Nevertheless, there are 
significant barriers that are limiting the 
widespread adoption of L-PBF, and laser 
metal AM in general. 

Barriers to adoption can be readily identified 
by examining a typical laser AM process flow. 
Successful implementation of AM requires that 
most components are redesigned for AM and 
not simply reproduced [1]. However, at present 
this knowledge is not well documented and 
relies entirely on the experience of the operators, 
in the absence of standards or guidelines. 

Additionally, strategies to mitigate thermal 
distortion are absolutely crucial to achieve 
geometrical conformity with the intended digital 
model. In common with conventional laser 
welding, the material deposited during laser 
AM experiences a succession of expansion 
and contractions that, if not balanced, 
lead to unwanted geometrical deviations. 
As AM is a tool/clamp free and net-shape 
manufacturing technique, it is desirable to 
reduce the manufacturing of secondary 
supporting structures. Thermal distortion 
mitigation strategies must therefore rely on CAD 
modifications, and the choice of suitable laser 
paths demands specialised knowledge and 
dedicated software. 

Lastly, the microstructure that forms in the 
printed parts must be controlled, as this 
microstructure governs the physical and 
chemical properties of the final component. 
However, in laser AM, microscopic volumes 
of material experience rapid solidification and 
re-melting events, making the interpretation 
of the structure-property relationship of most 
structural alloys rather more challenging. 

 

Mapping Solidification 
This article focuses on the control of the 
microstructural development via manipulation 
of the laser process parameters. This is a 
challenging goal that has the ultimate ambition 
to predict and realise a desired combination 
of properties in the printed component. By 
reviewing the traditional aspects of physical 
metallurgy, the merits of current laser engineering 
techniques applied to laser AM are discussed. 

It is well known that both the morphology and 
the fineness of the grain structure that forms in 
alloys depends on the solidification conditions. 
In particular, these conditions can be expressed 
by two key vectoral parameters: the thermal 
gradient across the liquid/solid interface, G 
(commonly expressed in K/m), and the liquidus 
isotherm velocity, also known as solidification 
rate R, (expressed in m/s) [2]. It follows that, 
for each alloy, a solidification chart can be 
conveniently expressed in terms of the modules 
of such vectors (hereafter indicated with G and 
R) as illustrated in Figure 1. 

Solidification maps describe the solidification 
regimes of a certain alloy and enable, at least 
in principle, the character of the grain structure 
that will be found in the metallic products after 
manufacturing to be anticipated.

The maps illustrate a further crucial aspect: 
the formation of fine grains, a requisite for 
the formation of isotropic and high-strength 
microstructures, can only be attained at low 
G/R ratios, when equiaxed dendritic growth 
dominates. However this condition is rarely met 
in laser AM, where metals are fused at a sub-
mm scale across timescales of the order of μs. 

It is not surprising therefore to witness that under 
the typical conditions imposed by laser AM, 
nucleation events in the melt pool are largely 
prevented. For most alloys, columnar dendritic 
solidification takes place, with elongated grains 
orientated antiparallel to the local heat flow 
direction. Additionally, the sequential deposition 
of beads involves several re-melting events, 
and therefore exacerbates grain orientation 
templating (epitaxial solidification from selected 
grain orientations) and grain competition, 
resulting in highly textured microstructures. 
This is shown in Figure 2, where the typical 
microstructures of Ti-6Al-4V produced by L-PBF 
are presented. 

The link between modern laser technology and 
microstructural formation during laser AM is not 
immediately obvious. Solidification during laser 
AM involves a complex interaction of physical 
phenomena that include, for example, melt 
flow patterns that directly affect grain growth. 
Nevertheless, recent research has demonstrated 
that solidification maps are effective tools 
to inform, at least qualitatively, research on 
adequate laser manipulation aimed at controlling 
the printed microstructure.

From the welding literature it can be shown that 

NEXT-GENERATION METAL ADDITIVE 

MANUFACTURING  
MARCO SIMONELLI     

Figure 1: The solidification mode of any alloy 
can be anticipated considering the solidification 
rate and the thermal gradient across the liquid 
and solid interface. Laser welding and laser AM 
processes (e.g. L-PBF) are characterised by 
extremely high G values and therefore equiaxed 
solidification is rarely achieved.

Figure 2: Typical columnar microstructures formed in Ti-6Al-4V after L-PBF. Despite the changes 
in laser path used to deposit the material - (a) to (c), a highly oriented microstructure persists. The 
scan strategies used are also shown in Figure 4.

ADDITIVE MANUFACTURING
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the solidification speed (R) is directly proportional 
to the laser beam travel speed (v) and as a 
result it can be expected that high laser beam 
travel speeds would encourage equiaxed grain 
formation. It is also known that the temperature 
gradients (G) vary extensively with the linear 
energy density (Q/v) used to fuse metals (Q is 
the laser powder absorbed by the workpiece, 
v is the laser beam travel speed) [3]. Using this 
relationship, the typical cooling rates in laser 
AM can be estimated from fundamental laser 
parameters. Indeed, the approximate cooling 
rates experienced by a solidifying metal, given 
by the product between G and R (units of K/s) 
are related to the linear energy input density by 
a simple power law, as shown in the example 
reported in Figure 3. 

Grain structure prediction
Recent studies have demonstrated a practical 
use of this relationship to control the fineness of 
the grain structure in a range of printed alloys: 
Bertoli et al. have shown how, by varying basic 
laser parameters such as power and travel 
speed, it is possible to quantitatively control 
the size of the dendritic structure found in 316L 
[3]. A related study shows how it is possible to 
predict the size of the cellular grain structure 
formed in laser AM Al-Si10-Mg by using a simple 
analytical solution for the temperature field of 
a moving point heat (laser) source (Rosenthal 
equation) [4]. 

It is remarkable how compact analytical 
formulations can approximate well the local 
cooling rates along the solid-liquid interface 
despite being based on simplistic hypotheses 
that do not capture the anticipated complex 
physical phenomena occurring in the laser 
additive process.  

Further computational efforts have revealed 
additional aspects linking directional solidification 
during laser AM with laser technology. By using 
a digital twin that describes accurately the 
temperature and the melt flow patterns forming 
in single laser tracks, studies have shown how 
differences in melt pool shapes have a drastic 

effect on the local values of G, and as a result, 
the prevalent solidification mode [5-6]. As the 
size and local curvature of the melt pool (i.e. melt 
pool shape) is fundamentally linked to the spatial 
and temperature laser beam modulation (also 
known as beam shaping), these studies open up 
the exciting prospect that microstructures might 
be controlled by simply tailoring the shape of the 
incident beam. 

The average thermal gradients in melt pools 
formed using a laser with an elliptical intensity 
profile transversal to the beam travel speed 
are, for example, significantly lower than those 
measured in equivalent melt tracks produced 
by circular gaussian beam shapes (by far the 
most commonly used laser beams in commercial 
AM systems). As a consequence, the range of 
processing conditions under which fine (nearly) 
equiaxed microstructures are formed is greatly 
improved when transverse elliptical beams are 
used. 

Laser scan strategies
Due to the partial re-melting events that occur 
during AM, research has shown that grain 
control is also vastly influenced by the path 
followed by the laser during processing (typically 
referred to as the laser scan strategy). This 
can be intuitively understood considering that 
different laser scan strategies produce different 
amounts of “bead overlaps” [7]. Examples of 
common laser scan strategies are presented in 
Figure 4.

Pham et al. have elegantly explained the 
effect of laser scan strategy on the formation 
of microstructures by studying the epitaxial 
side-branching of dendrites (i.e. the growth of 
symmetrical dendrites that statistically contribute 
to the same crystallographic texture) in a range 
of cubic materials [7]. The research describes 
how grain coarsening phenomena are associated 
to the local variations in G proving the origins 
of the stark microstructural differences found in 
AM components printed using bi-directional and 

chessboard laser melting strategies (compare 
Figures 2 and 4). The study highlights the need 
for innovative solutions in laser technology to 
moderate the solidification conditions, e.g. lower 
the G/R ratio, but more importantly the key role 
that future laser controls will have in AM. 

Conclusions
Current research trends suggest that 
technological innovations in laser modulation 
and beam path control will be crucial for 
the development of the next generation 
AM platforms and will eventually enable the 
realisation of tailored microstructures “on 
demand”. Combined with innovations in 
alloy design, this will effectively reposition the 
boundaries of the desired solidification mode 
within the anticipated processing conditions.

The Centre for Additive Manufacturing (CfAM) 
and the University of Nottingham are supporting 
research activities in the development of the next 
generation laser AM platforms concurrently to 
design of alloys specifically for AM. Examples 
of recent related research can be found in 
references 8-10. 
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Figure 3: The typical cooling rate/linerar energy 
input relationship can be described by a power 
law. The cooling rate experienced by the molten 
metal can be expressed as G*R, while the linear 
energy input, is the ratio between the absorbed 
laser power Q and laser scan speed v. [3]

Figure 4: Typical laser scan strategies used by moden L-PBF platforms: (a) meander, (b) bi-
directional and (c) chessboard laser scan strategies are displayed. 

SEE OBSERVATIONS P28
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MACHINE-LEARNT FAULT DETECTION 

FOR LASER POWDER-BED FUSION   
IKENNA OKARO 
Additive Manufacturing (AM) has the 
potential to revolutionise UK industry. It is a 
tool-less digital approach that can produce 
highly customised parts, on demand, 
anywhere in the product lifecycle (from 
prototyping to maintenance and repair). 
However, uncertainties associated with the 
reproducibility and material properties of 
AM parts act as a barrier to adoption for 
risk-averse sectors, such as aerospace 
and healthcare. These difficulties are 
compounded by the fact that, as a result 
of the complex geometries that can be 
created, detecting flaws in AM builds can 
be difficult and may, for example, require 
expensive CT scans.

This article describes a recent feasibility 
study, between the University of Liverpool 
and Renishaw plc., where the potential for a 
‘machine-learnt’ data-based fault detection 
system for Laser Powder-Bed Fusion was 
investigated [1]. 

What is Laser Powder-Bed Fusion?
Laser Powder-Bed Fusion (L-PBF) allows 
complex metallic parts to be produced from 
powder materials. The L-PBF process involves 
2 steps. Firstly, a powder deposition system 
deposits a thin layer of powder on a bed. 
Secondly, a laser is used to melt the powder 
along a predefined scanning path. The bed 
which holds the part being manufactured is then 
lowered, before the cycle is repeated. 

Why are we interested in a data-based 
approach?
The current study was conducted using a 
Renishaw RenAM 500M machine, whose 
schematic is shown in Figure 1. The machine 
is equipped with a photodiode sensing system, 
known as MeltVIEW. During a build, light from 
the melt pool is reflected, via a galvanometer 
mirror, into the MeltVIEW module which consists 
of 2 photodiodes. The first photodiode is 
designed to capture plasma emissions whilst 
the second detects thermal radiation from the 
meltpool. These sensors can capture a large 
amount of data (in some cases, approximately 
400 GB per build).

We were therefore interested in the following 
question: ‘from this data, can we infer 
information about the quality of the AM build?’ If 
successful, such an approach would decrease 
the need for expensive CT scans and pave the 
way for a data-based process control approach 

for L-PBF, reducing a major barrier to adoption 
for L-PBF technology. 

Described here are the results of a preliminary 
study that was used to investigate the feasibility 
of such a data-based approach. 

What is Semi-Supervised Machine 
Learning?
‘Machine Learning’ is, in fact, a rather catch-all 
term that covers a very wide range of statistical 
methods – here, we are really talking about 
classification. In the context of this project, we 
can think of our classification algorithm as a 
box which takes photodiode measurements 
as an input and, as an output, classifies that 
particular L-PBF build as being ‘successful’ or 
‘unsuccessful’. 

Before any machine learning algorithm can be 
used, it has to be trained. In other words, the 
algorithm has to be given the opportunity to 
learn from some sets of example data before 
we can ask it to make predictions. In the 
current project, one option would have been 
to conduct training by presenting our algorithm 
with data from a set of builds that had already 
been classified. Generating this ‘training data’ 
would have involved manufacturing a set of 
builds before manually classifying them as 
being successful or unsuccessful - this build 
data would then have allowed the algorithm to 
draw a decision boundary so that, when new 

photodiode measurements were presented to 
it, it would be able to classify the corresponding 
build automatically. Such an approach to 
algorithm training is typically referred to as 
‘supervised learning’.

Supervised learning, unfortunately, is not feasible 
for L-PBF, as expensive certification would 
have to be carried out on a large number of 
builds before the algorithm could be deployed. 
In reality, even though a large number of parts 
may be developed, only a small number of these 
are likely to be verified using CT scans. As a 
result, we chose to use an approach known 
as ‘semi-supervised learning’, which is able to 
use information from both builds that have been 
verified and those that have not. 

Semi-supervised learning is illustrated by Figure 
2, where we imagine that the task is to establish 
separate clusters of red and green points 
(these can be thought of as unsuccessful and 
successful builds, in the context of the current 
example). We can see that some of the points 
have already been labelled (these are the red and 
green triangles). Most of the points, however, 
are not labelled (these are the black circles). 
As human beings, we are naturally very good 
at pattern recognition in 2 dimensions, so it is 
possible to see that the inclusion of the black 
points helps to give a better idea as to the shape 
of the clusters, compared to if only the red and 
green triangles were available. The idea that 

Figure 1: Schematic diagram of the Renishaw RenAM 500M machine (image reproduced with 
permission from Renishaw).

LASER POWDER-BED FUSION
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including the unlabelled data (black points) 
alongside the labelled data (red and green 
triangles) can improve our algorithm’s predictions 
lies at the heart of semi-supervised learning.

What if the algorithm isn’t sure?
A key aspect of our approach is that it embodied 
uncertainty quantification because, if we want 
to use machine learning algorithms to influence 
high consequence decisions regarding build 
quality, then these algorithms have to let us 
know if they are outside of their ‘comfort zone’. 
We therefore used a probabilistic approach, 
so that our method was able to report the 
probability that a particular part was successful, 
rather than delivering a binary decision. 

Results
A Renishaw machine was used to construct 50 
tensile test bars, each consisting of around 3600 
layers. Tensile tests were then conducted on 
each of the specimens, before they were labelled 
as successful or unsuccessful depending on 
their ultimate tensile strength. (This measure of 
success allowed us to label each build relatively 
cheaply, with a view to extending the study to 
builds that had been verified using CT scans 
in the future.) When we gave the data to our 
algorithm, we pretended that we didn’t know 
some of the labels – this allowed us to judge the 
success of our semi-supervised approach later 
in the analysis.

Figure 3 shows some example results from the 
study where feature 1 and feature 2 represent 
numbers that were extracted from photodiodes 
1 and 2 respectively. Each point represents a 
tensile test bar, where red points have been 
classified as unsuccessful, green points have 
been classified as successful and black points 
are unlabelled. We then analysed the percentage 
of tensile test bars, not included in the training 
data, that the algorithm could correctly classify. 

To be thorough, we applied our algorithm 1000 
times where, at each run, the points where we 
pretended the labels were unknown were chosen 
randomly. Histograms of the resulting success 
rates are shown in Figure 4, where the top panel 
shows results from a supervised approach that 
only used the labelled data and the bottom panel 

shows results using the semi-supervised 
approach. It is clear that, by combining the 
unlabelled data with the labelled data, on 
average, it is possible to identify unsuccessful 
builds with a higher success rate. 

Implications
The industrial implication of this result is that 
the time and costs associated with manual 
certification of AM parts can now be significantly 
reduced – as fewer labelled (certified) builds are 
needed for our semi-supervised algorithm to 
classify a mixed batch of labelled and unlabelled 
builds into ‘successful’ and ‘unsuccessful’ builds. 
Since the approach is data-driven, it holds great 
potential for automated process control which 
is applicable in smart manufacturing - typically 
characterised by high levels of adaptability and 
swift changes for a desired effect on a part. 

What next?
We are now aiming to predict a much finer 
definition of part quality. Our new algorithms still 
use photodiode measurements as an input, but 

they are now trying to predict what a CT image 
of the part will look like. If successful, we may be 
able to infer a CT image of the final build, from 
photodiode data, while the build is still taking place!
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Figure 2: An example of 2D semi-supervised leaning. 

Figure 4: Histograms of results for (a) semi-supervised learning and (b) supervised learning.

Figure 3: Example results, where each data point represents  
a particular L-PBF build.
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Diesel engines get a bad press when it 
comes to polluting the environment, but it 
might be surprising to hear that fine dust 
pollution from brake discs also represents 
a significant problem. This is an issue that 
is not solved by the growing popularity 
of electric cars - and with up to 25% of 
emissions coming from brake discs - fine 
dust pollution repeatedly reaches levels that 
are harmful to human health. 

A legal limit for fine dust particulates is 
anticipated to address the risks of asthma, 
respiratory disease, cardio-vascular disease 
and allergies resulting from human inhalation. 
The automotive industry is therefore looking 
to address this issue through technological 
improvements.

Hard material coatings applied by new laser 
cladding processes and techniques present 
a possible solution, one that offers high wear- 
and corrosion-resistance on automotive brake 
discs. In addition to these improvements, the 
process serves to extend the life of brake discs 
considerably. It is a minor cosmetic point, but 
this technology also helps keep alloy wheels 
cleaner.

In the laser industry, wear-resistant coatings 
applied by laser processing have helped protect 
heavily loaded components from abrasion. 
However, to date they have rarely been used for 
conventional automotive brake discs. Corrosion 
protection coatings have been used, but only in 
the niche end of the luxury sports car industry 
have coating techniques been used to enhance 
wear protection. The reason for this is quite 
simply down to cost.

Laser cladding in its standard form is currently 
not considered a viable option, as the speed 
of coverage achieved is not fast enough for 
mass produced parts. Therefore, the challenge 
is to create and develop a process that would 
allow the high speed laser cladding of highly 
protective, wear-resistant coatings, to reduce 
dust emission and enhance wear resistance, 
whilst also enhancing the life of the part.

Using high levels of laser power, individual layers 
can now be applied to brake discs in around 30 
seconds, depending on the disc size, material 
and the thickness of the layer applied (see Figure 
1). This is only possible with a minimum energy 
input and a correspondingly low level of mixing 
between the disc material and the coating layer. 

With the laser beam and nozzle positioned 
perpendicular to the workpiece, the coating 
material is melted together above the base disc 
material, bonding on contact. In the evolving 
molten bath the two materials mix to form a 
metallurgical composite layer that after cooling is 
highly stable (Figure 2). The component needs to 
be rotated at high speed under the laser head. 
The coating is carried out in two steps, with a 
buffer layer applied to offer corrosion resistance, 
followed by the application of a second layer of 
carbide material. This offers the wear resistant 
coating. 

During investigations carried out on different 
samples, the processing time for the two coating 
steps combined ranged from under 3 minutes to 
up to 5 minutes.

High power diode laser systems, such as the 
Laserline LDF, have a laser beam with a highly 
homogeneous intensity distribution which is 
essential to produce optimum results for this 
process. To reach the speeds and the coating 
rates required, large spot sizes are necessary. 
Diode lasers with a beam parameter of 110 – 
220mm/mrad and spot diameters of 3 to 14mm 
were tested successfully. This was without 
defocusing or reducing the quality of the laser 
beam. This setup made it possible to achieve a 
uniform melting of the grey cast iron layer, with 
controlled mixing between the coating and the 
base material.

To optimise throughput and reduce cycle 
times it was possible to increase the output 
power without altering the beam quality, 
which is a viable commercial option to offer 

LASER SOLUTION TO POLLUTION 

AND AUTOMOTIVE DEVELOPMENT
THOMAS MOLITOR & CHRISTOPHER OGDEN  

Figure 2: Schematic illustration of the laser cladding process.

Figure 1: Laser cladding of brake discs.
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potential customers; it could help to reduce 
the investment cost and increase the potential 
throughput.

Being far more efficient in terms of energy 
consumption and material usage than alternative 
techniques (such as thermal spraying), this 
new high speed laser cladding technique also 
requires less preparation, whilst also proving 
suitable for thin carbide coatings of conventional 
grey cast iron brake discs. This makes the 
process more affordable for the mass market. 
Powder efficiency was recorded at between 80 
and 90%, making it more efficient than thermal 
spraying and similar techniques.

The final costs for the laser-coated brake discs 
are higher, but the increase in the life of the new 
laser coated parts means the additional costs 
can extend the life and performance of the brake 
disc part considerably. In addition, the applied 
laser coatings have a reduced shock and impact 
sensitivity, when compared to thermal sprayed 
parts. Whilst the sprayed coatings result in a 
layer that is mechanically bonded to the base 
material, the laser coatings form a metallurgical 
bond with the grey cast iron base material.

The laser process development work undertaken 
has proved that a significant reduction in brake 
dust emission is possible, whilst improvements 
in the performance and life of the brake discs 
can also be achieved, at speeds that allow mass 
production rates to be met (Figure 3). 
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Thomas Molitor is a Senior Technical Sales Engineer 
at Laserline, Germany, where he works on key projects 
and new laser applications. 

Figure 3: High throughput of discs is possible with this technique.

Laser Lines, Banbury is the distributor for Laserline, Germany.
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PROTECTIVE EXPOSURE 
LIMIT (PEL) OF COMMON 
BUILDING MATERIALS

WOJCIECH SUDER & GONCALO 

PARDAL 

Wojciech and Goncalo have presented an 
interesting and thought-provoking article that 
will get nods of agreement from anyone who is 
responsible for, or has ever had to specify, a laser 
cell. All too often engineers making safety-related 
decisions feel the belt and braces approach of 
active cells will protect them from future problems 
if an incident occurs. Personally a great clanking 
robot scares me more than the laser. While active 
systems have their place, many facilities can 
happily comply with T2 and T3 classifications 
combined with engineered solutions such as 
motion system safe zones and modern CCTV 
systems.

As a fan of the ‘minimal laser cell’ I’d like to 
review materials for roofs, doors and other 
openings plus the requirements to comply with 
building regulations, as my own research into this 
approach yielded rapidly increasing costs due to 
these challenges. The future may be a hybrid cell, 
passive walls, active doors using tool position 
and beam monitoring.

Kevin Withers, MTC

This article provides a valuable insight into the 
factors that need to be considered to deliver a 
safe working environment, especially where high 
powered lasers are being used. Failure to fully 
evaluate the materials being used to enclose a 
work cell could result in serious injury.

Of course, risks are minimised in systems 
such as laser markers, where the beam fires 
vertically downwards, and where there is no 
opportunity for the beam to hit a wall or guard 
panel. However, sadly, we have seen a number 
of instances in the field of systems supplied by 
an integrator, or even installed by the end user, 
where little or no consideration has been given 
to the suitability or capability of existing walls or 
partitioning to act as a safe beam block.

The growth in the number of large lasers 
being integrated to robot systems for cutting 
or welding, plus the use of class 4 hand held 
laser cleaning systems substantially raises the 
potential risk of the beam coming into contact 
with a wall or another part of the guarding 
system. 

Although a wall being used as an integral part 
of the guarding may look substantial, that 
does not guarantee that it has the necessary 
characteristics to provide a reliable and safe 
beam block. Whilst these structures may keep 
people out, it does not follow that they can keep 
the laser beam in.
Andy Toms, TLM Laser

LASERS MEET THE 
CHANGING DEMANDS OF 
MICROELECTRONICS

HATIM HALOUI

The increasing functionality of printed circuit 
boards and the demand for miniaturisation is 
constantly pushing PCB production equipment 
manufacturers. For high quality applications 
like in automotive or mobile electronics, quality 
and reliability of the produced circuit boards is 
crucial. So people are having a close look at 
state-of-the-art picosecond laser systems these 
days, that provide excellent results in via hole 
drilling and depaneling, especially on flex PCBs. 

When comparing picosecond with nanosecond 
UV lasers one has to keep in mind that 
commonly used ns UV lasers have pulse lengths 
in the range of 100 ns and even above. For the 
glass fibre based FR4 material, which actually 
covers about 80% of the global PCB market, 
short pulse green lasers in the lower nanosecond 
range are doing a great job without heat 
affected zones for an attractive price. And cost 
of ownership could quickly become a show-
stopper for ps lasers in a market where roughly 
90% of the business is taking place in Asia. 

So finally, OEMs have to find a well-balanced mix 
between brilliant application results and overall 
system costs which will be the key to this rapidly 
evolving market.

Christian Hahn, InnoLas Photonics

Ultrashort pulse (USP) lasers are particularly 
useful where the parts or features to be 
machined are extremely small, difficult to 
machine by any other means, are made from 
materials which are difficult to obtain good 
quality on machining with nano second pulsed 
lasers and the production volumes are large. All 
these factors will help a company to justify the 
investment.  

As the article by Hatim Haloui describes, the 
electronics industry increases its demands on 
laser manufacturing processes very rapidly 
due to the demand for the latest and greatest 
consumer electronics. Invariably this involves 
packaging more functionality into smaller spaces, 
necessitating the drilling of very small vias and 
machining ever smaller geometries. 

As Hatim describes USP lasers, and particularly 
wavelengths around 532 and 355 nm, facilitate 
this and provide higher throughput and quality 
than nanosecond lasers. He also points out that 
the machining strategy is critical to obtaining 
good quality, such as having the laser pulse 
repetition frequency slaved to the scanner speed.

Jonathan Magee, ACSYS Lasertechnik UK

A NOVEL INDUSTRIAL 
FEMTOSECOND LASER 
ARCHITECTURE SOLUTION  

JASON LEE ET AL*

Laser processing with ultrafast and longer 
temporal pulses requires a wide range of pulse 
energies and frequencies to cover applications 
from metal micro-machining to welding of 
transparent polymers or glass to metal, 
where non-linear absorption forms a critical 
mechanism. Hence, the demonstration of a 
diode pumped solid state laser system delivering 
average powers up to 300W, independent of 
frequency (1 MHz-40M Hz) is an important 
critical step in novel laser development for 
industrial applications, with up to 250 µJ/pulse at 
1030nm,1 MHz and 500 fs duration.

This remarkable specification is achieved through 
uniform intensity pumping of the amplifier crystal 
(rectangular geometry) with a clever combination 
of double pass pre-amplification to saturate the 
gain medium combined with single pass power 
amplification – in the same crystal (eg Yb:YAG). 
The HP diode pump array output was carefully 
shaped to match the crystal geometry and 
pumped from both sides, normal to the direction 
of seed beam. 

I would like to congratulate the authors on 
their ingenuity of this novel approach and look 
forward to seeing applications of this impressive 
laser technology in future materials micro-
machining. 

Walter Perrie, University of Liverpool

NEXT-GENERATION 
METAL ADDITIVE 
MANUFACTURING

MARCO SIMONELLI

The article presents fundamental aspects of 
laser-material interaction mechanisms in the 
laser powder bed fusion (L-PBF) process, as 
well as their role in the development of next 
generation AM systems. It highlights eloquently 
the importance of the process energy density 
and the use of an optimal combination of laser 
power and scan speed to control local cooling 
rates, and ultimately to control microstructural 
grain growth in as-built parts. 

The capability of varying the laser beam shape 
during L-PBF process is of prime interest in 
order to enable next generation AM systems to 
manufacture parts with tailored geometry-based 
microstructures and mechanical properties. 
Beam shaping will enable new scan strategies 
that can potentially moderate the solidification 
conditions promoting manufacture of difficult-to-
process materials. 

OBSERVATIONS
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Open control platforms that enable beam path 
modification and laser modulation based on part 
geometry and/or process material are identified 
as an outstanding tool to push the boundaries of 
AM L-PBF technology.

Miguel Zavala-Arredondo, TWI

MACHINE LEARNT FAULT 
DETECTION FOR LASER 
POWDER-BED FUSION   

IKENNA OKARO 

For the UK metal AM industry, slow adoption 
of AM is partly due to challenging validation of 
complex parts. Ikenna Okaro and Renishaw have 
developed an in-process learning system, taking 
information from heat and meltpool emissions 
and utilised a semi-supervised algorithm to 
develop a method for predicting build success 
or failure correlated to physical strength 
measurements. 

Their future plan is to use the data to generate 
a CT image of the part replacing expensive CT 
scanning of parts. For metal AM operators, 
the benefits of such systems for recording 

heat and meltpool generation data during the 
build is twofold. Firstly, determining part failure/
success from build data would support complex 
geometric part validation. 

This system and others that record heat maps 
for each layer can lead to determination of part 
failure during the build, parts can be stopped, 
and part wastage reduced. Within AM process 
feedback supports repeatability, reliability and AM 
operator and end users will benefit from these 
processes increasing confidence in metal AM 
parts and reducing costs.

Louise Geekie, Croft AM

LASER SOLUTION 
TO POLLUTION 
AND AUTOMOTIVE 
DEVELOPMENT   

THOMAS MOLITOR & 

CHRISTOPHER OGDEN

By enhancing the top surface layer of the brake 
pads with a harder material, superior braking 
performance is achieved by altering friction 

and heat dissipation. The formulation of low-
wear/low-emission brake pads is an excellent 
application of laser coating technology. 

Not only do such coatings offer improved 
properties over those achieved by thermal 
spraying and electroplating, they can also be 
deposited much more economically. While the 
financial aspect of this technique is promising, 
the environmental aspect is also exciting. In fact, 
the reduction in particulate emissions achieved 
through the use of this technology might be 
far more important. Considering the continuing 
maturation of high-speed laser deposition 
processes, re-manufacturing of the vast number 
of discarded brake pads might also become 
feasible in the future. 

Additionally, advanced alloys and tailored 
microstructures might allow for even greater 
improvements in brake technology; indeed, we 
might have just begun scratching the surface on 
this topic.

Ioannis Bitharas, Heriot-Watt University
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SYSTEMS & SOURCES TLM: ERROR-FREE LASER 
MARKING ON BEARINGS

Small defects in a ball bearing are often 
difficult to detect, for example if single rollers 
are missing, incorrectly assembled, or if a 
component is of a different size to that expected. 
FOBA's fully integrated bearing marking solution 
takes care of roller inspection, checking for 
defects, missing or inverted rollers and rejects 
items with bad or marked rollers. 

FOBA’s camera-based marking solution offers 
a cost-effective solution that integrates part 
detection, marking and validation of the marked 
characters in a single, safe process. The 
camera, integrated within the marking head, 
enables timely error detection and prevents false 
marking.

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

COHERENT'S HIGH POWER 
DIODE LASER

The Coherent HighLight DL HPS is an industrial 
diode laser that offers high power output 
(1 kW to 4 kW) in a compact, self-contained 
package, making it particularly useful for systems 
integrators and end users performing metal 
cladding, heat treating, brazing, and welding. 
The 'all-in-one' configuration, meaning that the 
laser head, power supply, water chiller, and heat 
exchanger are all contained in a single enclosure.

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

NEW CO
2
 MARKING 

LASER FROM LUXINAR
Luxinar is pleased to introduce the SR 08s for 
marking, scribing and kiss cutting in a variety 
of industries including packaging, textiles and 
electronics. 

The new low power sealed laser source is an 
extension to the company’s established SR 
series of CO2 lasers; it targets both existing 
customers needing a broader range and new 
customers who prefer lower power of less 
than 125 W. The simple control interface and 
compact mechanical design of the unit allow 
easy integration into a variety of laser-based 
processing machines.

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

COMPACT OPHIR POWER/
ENERGY SENSOR
The Ophir L40(500)A-LP2-DIF-35 is a compact, 
high damage threshold laser power/energy 
sensor capable of measuring up to 4 kW without 
the need for water cooling. The sensor can 
measure CW lasers up to 500 W and pulsed 
lasers up to 2 kJ. The compact design makes it 
easy to place between optical components when 
troubleshooting a beam path.

Contact: Derrick Peterman
derrick.peterman@us.ophiropt.com
www.ophiropt.com

ANCILLARIES AEROTECH LAUNCHES 
NEW PRECISE HEXAPOD
The new HEX150 RC Hexapod from 
Aerotech incorporates excellent precision 
mechanics. With a diameter of 150 mm it 
complements the existing product family 
diameters of 500 mm and 300 mm and has 
potential applications in the automotive, 
electronics, mechanical engineering and 
medical technology sectors.  

Contact: Uwe Fischer 
ufischer@aerotech.com 
www.aerotech.co.uk

PRIMES BEAM ANALYSIS 
FROM LASER MECH 

 

The NEW PRIMES FocusMonitor FMW+ 
measures focused laser beams with diameters 
between 100 μm and 3 mm in tight spaces – 
perfect for additive manufacturing applications. 
The FMW+ can measure NIR as well as CO2 
beams up to 1,000 W laser power. 

Specially designed for analysing continuous irra-
diation, FocusMonitor FMW+ can reliably deter-
mine the geometric dimensions of the focused 
laser beam as well as the focal point location in 
space, the beam parameter product, and the 
beam quality factor M2. 

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

POPULAR NEW VERSION 
OF SCANLAB'S SCAN HEAD
Since debuting in 2015, basiCube scan heads 
have been frequently employed as compact 
entry-level heads in the laser-marking sector.

The new basiCube 14 has risen to be one of 
SCANLAB’s most popular products. Standard 
power supplies typically used in processing 
machines are now compatible with this scan 
system.

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

HEXAGON BEGINS ROLL-
OUT OF 2021 SOFTWARE
During April and May Hexagon are launching 
2021 releases of its production software 
brands. Three have been launced during April -  
WORKPLAN, WORKXPLORE and RADAN. 

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

WITCHES' HAT FILTERS 
FROM CROFT
Manufactured using metal 3D printing, 
witches' hat filters can be composed of 
layers of wire cloth to create a filter material 
with higher strength and rigidity. The 
multilayer meshes form an ideal uniform 
filtration structure. The material and structure 
maximise the flow area, effectively reducing 
resistance and ensuring reliable operation.

Contact: Louise Geekie
louise@filters.co.uk
www.filters.co.uk
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Global competition, reduced lead times and 
shifting customer demands are just some of the 
trends changing the face of manufacturing today. 
To keep apace, manufacturers are adapting 
their production techniques by employing 
emerging technologies which enhance efficiency, 
productivity and quality.

Since lasers were first developed they have 
revolutionised the manufacturing landscape. As 
the industry becomes increasingly automated, 
particularly in the era of Industry 4.0, sealed 
CO2 laser technology is being incorporated into 
production systems to deliver greater production 
flexibility, alongside significantly heightened levels 
of quality and consistency. In practice, that 
helps manufacturers to remain more agile and 
competitive in the fast-moving consumer-driven 
global marketplace.

These core benefits of sealed laser technology 
make it suitable across almost all manufacturing 
sectors, including automotive, packaging and 
food and beverage. In practice, this breadth of 
application enables laser technology to touch 
the daily lives of people around the world. Here, 
we take a look at how lasers are used in the 
production of five products which you see on the 
supermarket shelves every day.

Food marking
Perhaps one of the most surprising uses of laser 
technology is in pre-cooked meat products. 
Often appearing to be served fresh from the 
grill, most of these ready-to-eat options aren’t 
actually grilled at all. To deliver consistency of 
taste, visual appearance and overall product 
quality, products like burgers, fish and chicken 
are typically oven baked and may later be 
branded with a grill pattern using a laser. As well 
as ensuring consumer expectations are met, this 
process gives manufacturers greater control over 
the production process to deliver consistently 
high levels of product quality and safety. With 
laser marking being a non-contact method, the 
need for frequent cleaning and maintenance 
of tools is significantly reduced, and because 
the product is not pressed, more moisture is 
retained for greater taste.

Keeping food fresher for longer
With volumes of food waste around the world 
increasing year on year, keeping fresh food 
items – from fruit and vegetables through to 
meat and bread – fresh for as long as possible 
is a key priority for many food manufacturers. 
To do this, modified atmosphere packaging 
[MAP] technology is often utilised to create 
the optimum conditions for each product, 
regulating levels of oxygen, carbon dioxide, 
nitrogen and other gases inside the packaging. 
With different products requiring different 
conditions, packaging must be tailored to each 
product type, and that’s where lasers come in. 

By precisely perforating packaging according 
to the specific needs of its contents, the shelf 
life of fresh food can be increased. In turn, 
that gives consumers more time to enjoy fresh 
food, ultimately reducing wastage and giving 
consumers better value for money.

Genuine product coding
While consumers will be used to seeing product 
information such as batch numbers and use-by 
dates on some food and drink items, they may 
be less aware of the significance of similar codes 
on higher-value products, such as fragrances. In 
this instance, indelible and tamper-proof marks 
are commonly made using laser technology, 
enabling consumers to distinguish authentic 
products from counterfeit goods. Commonly 
copied and sold to unknowing consumers at 
lower rates, counterfeit fragrances and other 
luxury items not only detract from the authentic 
brand, but also create potential health concerns 
amongst consumers, particularly where products 
have direct contact with the skin. Of course, 
for more desirable and expensive products, the 
flexible nature of laser coding means it can be 
applied discreetly so as not to detract from the 
products’ appearance.

Creating the perfect pint
As well as marking best before dates and 
individual product codes on bottles and labels, 
CO2 laser technology is widely used within 
the glass industry. Beer glasses, for instance, 
are a good example where laser marking is 
used to modify the glass in order to retain the 
perfect head of a beer for longer. Utilising laser 
technology to etch ‘head keepers’ onto the 
bases of glasses – which can be personalised 
with graphics and logos – facilitates the creation 
of bubbles of carbon dioxide. In practice, that 

means that beverages can retain the perfect just- 
poured frothy head and stay fizzier for longer.

Clothes
Whether it’s your everyday gym clothes, your 
favourite dresses and overcoats, or your go-to 
shoes and accessories, it is laser technology 
which enables manufacturers to deliver uniform 
quality and consistency on a mass scale. Take 
jeans, for instance. While they might once have 
been stonewashed or bleached, their production 
now utilises laser technology to finish individual 
products with effects like fading, patterning 
and tearing. Not only does this method 
enable manufacturers to significantly reduce 
production time, it also reduces the volume of 
chemicals used during the process, lessening 
its environmental impact. This technique also 
ensures that all products have consistent 
detailing, while the adaptable nature of sealed 
CO2 laser technology enables manufacturers to 
quickly fulfil orders in-line with shifting consumer 
trends.

Contact: Louise May
louise.may@luxinar.com
www.luxinar.com

FEATURE

FIVE WAYS LASER TECHNOLOGY IS ENHANCING OUR WORLD
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FEATURE

Running a business in the current trading 
conditions is no small feat and now, more than 
ever, controlling costs will be paramount. Many 
companies have changed their working practices 
to accommodate social distancing rules, some 
staff are working from home, whilst others have 
diversified to respond to the PPE and equipment 
requirements of the country. 

BCR Associates has put together some practical 
advice across energy, telecoms and insurance 
service areas.

Energy
To avoid billing based on an estimate, taking 
regular meter readings is recommended. If you 
are not on a Half Hourly meter, a manual meter 
read is the only way to ensure accurate billing 
and avoid being charged for more kWh than you 
have used. 

It is likely that over the past few weeks/months 
your business energy usage will have either 
significantly increased or decreased, which 
may cause difficulties later down the line if 
you have Volume Tolerance written into your 
contract. This means that if your business uses 
under or over an agreed consumption figure, 
you may be charged for this. The way to avoid 
this is to closely monitor your business’ energy 
consumption and notify your supplier with any 
issues.

Lastly, don’t forget to check when your contracts 
are due for renewal. If these are left to roll, you 
will be put on out of contract rates which can be 
very expensive. It’s important to tender, negotiate 
and renew these contracts as per usual Even 
though this will not be top of your mind right 
now, it will save you money in the long run! If 

you decide to switch suppliers, make sure that 
you adhere to your Terms and Conditions and 
terminate your existing contract.

Telecoms
If you have re-deployed staff to working 
from home, they may experience difficulties 
connecting to the company network and 
accessing necessary files. If staff are using a 
Virtual Private Network (VPN) to access work 
files, it is important to check that their router 
allows VPN tunnels. Get in touch with your 
IT department who should be able to find a 
workaround. The supplier and age of the home 
router may be a factor here.

If, like many, staff are competing for bandwidth 
with children trying to access online classes 

and other family members working from home, 
you may wish to consider adding to mobile 
data packages or purchasing an additional data 
SIM. This can boost the data available in the 
household or can be used as a dedicated line for 
work requirements.

Insurance
With so much uncertainty in the marketplace 
at present it is more important than ever to 
ensure that your insurance cover is valid and fit 
for purpose. If you have made changes to your 
business recently, either changing the location 
that your employees work from or the purpose 
of your operations, you will need to check with 
your provider that your business is covered for 
such alterations. It is also important to note that 
cover such as Property, Employer’s Liability, 
Products Liability, and Professional Indemnity will 
still be needed even if your job shop is closed for 
a period. If, understandably, cashflow is difficult 
at present but you have an insurance contract 
that is due for renewal, it is worth considering 
spreading the costs over monthly payments if 
needed.

If you have any concerns at all about your 
current outgoings, BCR can carry out a full 
review of any contracts you have signed and can 
advise on where you stand with them, review 
payment terms, contract terms & conditions and 
highlight any risks.

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

HELPING BUSINESSES IN CHALLENGING TIMES
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A FUNNY THING

SIMPLY THE BEST

We Need:
•  Business News
•  Press Releases
•  Technical Articles 
•  Observations 
•  Anecdotes 
•  Case Studies 
•  Interviews 
•  Tips and Tricks

Write for THE LASER USER 
Contribute text & images

Contribute to the leading magazine for the laser 
industry. Engage with like minded experts and  
professionals and help promote the use of lasers.  
We would love to hear from you, submit your  
content for the next issue of THE LASER USER.

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

I wonder if you, like me, have a library of 
mental, verbal or pictorial references (or family 
sayings) to act as a shorthand for situations and 
experiences that people in your office (or family, 
in these times of Working From Home) can relate 
to? These often bring a smile to the face and 
can leave you chuckling for a long time after.  I 
think about “The Planet Zob”, something that 
was understood where I worked a few decades 
ago. On Zob, the aliens have eyes on the end of 
long tentacles that can look around corners – or 
through small apertures, so it doesn’t matter 
if your customised machine lacks compliance 
with normal human ergonomic principles. If you 
can’t look at the control panel and the workpiece 
without moving your head from one side to 
another, it might be considered bad design - but 
it will be fine on Planet Zob. Later in my career, 
I noticed that products coming from Bavaria 
seemed to be designed for people somewhat 
taller than the UK ergonomic norms and fetching 
some phone directories or a wooden pallet for 
visitors to stand on would spare their blushes 
when they struggled to line up their eyes with the 
microscope eyepieces! 

In another situation, the difficulty in getting 
health and safety policy (or quality procedures) 
approved could be solved by getting our virtual 
and imaginary colleague, “Jose Fernando”, to 
sign it. Jose was great - if I remember well, he 
came from Mexico – the buck always stopped 
with him, and he would sign anything. The fact 
that he wasn’t actually a bona fide employee 
meant that there was never a chance of any 
comeback if any issues or problems resulted 
from his work  We never actually used his 
name, but the idea- that he was waiting in the 
wings to sign something  - could diffuse difficult 
discussions very effectively and the name 
Jose Fernando for a while was rolled out when 
someone was needed around the office to put 
their signature on a key document. 

One of our sales team in the early 1990s was 
particularly proud of some “big ticket” sales he 

had pulled off and was pleased of his growing 
reputation for bringing in high value, high margin 
orders that would help him meet his own and his 
group targets. He once let slip that coming back 
from shaking hands on a big order with a key 
customer, he would pop his Tina Turner cassette 
(some of our younger readers may not have 
experienced this funny plastic thing that came a 
long time before CDs, iPods, MP3s and Spotify) 
and sing along at the top of his voice “Simply the 
best, better than all the rest…” This image was 
very amusing to us all and for many years Tina 
Turner and Simply the Best became by-words 
for success in laser system sales and always 
associated with this individual. Unfortunately, 
when recession struck and some of the hoped-

for orders dried up, there were a few comments 
about the Tina Turner cassette “gathering dust 
on his parcel shelf” and this was used to rib 
him mercilessly for several years after the event.  
There is a saying that in Sales, you are only as 
good as your last quarter…

What can we learn from the Tina Turner cassette 
allegory? Perhaps the moral of the tale is that 
what goes up (be it a ball or a track record) 
must come down, and we should learn to 
“meet Triumph and Disaster and treat those two 
imposters just the same” as so aptly described 
by Rudyard Kipling in his famous poem “If”.

Dave MacLellan
dave@ailu.org.uk

www.needhamlaser.com
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EVENT

AILU & TWI LTD

Register at ww.ailu.org.uk/events

E-MOBILITY WEBINAR

8 & 9 JULY 2020

PROGRAMME

Sponsored by

13.30 – 14:45 BST
Session 1 (Sponsored by Air Products)

Introduction & welcome
Paola De Bono, TWI UK

An overview of applications in e-mobility
Sullivan Smith, TWI UK

Battery welding applications in e-mobility
Arnold Gillner, Fraunhofer ILT, Germany

Discussion

14:45 – 15:00 Break

15:00 – 16:55 BST 

Session 2 (Sponsored by Nuburu)

Blue laser welding in e-mobility
Richard Gleeson, Nuburu UK

Fibre lasers – an enabling technology for e-mobility applications
Jack Gabzdyl, SPI Lasers, UK

AI-Aided automation for electrification
Giovanni Di Stefano, Comau, Italy

Discussion

09.30 – 11.10 BST
Session 3 (Sponsored by Coherent)

New applications for blue diode lasers from 500 to 2 kW 
Andre Eltze, Laserline, Germany

5G Telecoms assists implementing Industry 4.0 
Chris White, Ford & Chris Allen, Vodafone

Advances in copper and multi material welding using fibre lasers
Thomas Hofmeister, Coherent, Germany

Discussion

11.10 – 11.30 Break

11.30 – 13:00 BST 

Session 4

Funding opportunities for e-mobility 
Dan Bunting, APC  UK

Solving challenges in e-mobility with fibre lasers
Mark Thompson. IPG Photonics

Laser welding at TWI supporting the e-mobility agenda 
Chris Allen, TWI UK

Discussion

WEDNESDAY 8 JULY  THURSDAY 9 JULY  
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EVENTS DIARY

DATE EVENT LOCATION

8 & 9 July 2020 AILU & TWI Webinar 
E-mobility

Online

AILU Workshop 
Micro/Nano Applications

SPI Lasers, Southampton

19 November 2020 AILU Job Shop Annual Business 
Meeting

IPG Photonics (UK), 
Coventry

25-28 January 2021 MACH 2021 
rescheduled from 2020

NEC, Birmingham

24-25 March 2021 ILAS 2021 
rescheduled from 2020

Daventry Court Hotel, 
Daventry

8 October 2020


