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FIRST WORD
Since August we have had a busy time 
for AILU events including the Micro-Nano 
Processing Workshop in Southampton and 
the Annual Job Shop meeting in Coventry.  As 
I write this I am also preparing to speak at 
the Advanced Engineering show in November 
at the NEC, Birmingham, which was a very 
well-attended show last year, and it is a 
great opportunity to inform people that laser 
processing can be a better choice for cutting, 
joining, drilling and engraving of metals and 
non-metals.

I am pleased to say there is a lot of exciting 
news in both the macro- and the micro-scale 
for laser material processing as you can read in 
this issue.  Of particular interest to me was the 
talk by SPI Lasers on dissimilar metal welding 
with fibre lasers in September and the insight 
into Industry 4.0 and what it might mean to the 
laser industry, given by John Lincoln at our Job 
Shop meeting in Coventry in October.  

Coming soon we have our workshop on laser 
sources and beam delivery at Heriot Watt in 
Edinburgh which will be a great opportunity to 
see the latest in source design, scanning heads 
and fibre optics for ultrashort pulsed lasers.

Don’t forget the big event coming up next 
year is ILAS 2017 which takes place on 22-23 
March - the programme for which is starting 
to come together.  If you haven’t already 
registered as a speaker (abstracts are being 
accepted until Monday 28 November) you 
need to act now.  Our plenary speakers are 
Paul Hilton from TWI, Bill Shiner from IPG 
Photonics, Koji Sugioka from RIKEN in Japan 
and Peter Hermann from Toronto University, 
and there will be 15 sessions taking place on 
various themes over the 2 day period.  Also 
our exhibition space is starting to fill up so, if 
you are looking to exhibit there, make sure you 
book a table now to avoid disappointment!  
There is still time to register as a delegate using 
the Early Bird discount until 23 December but 
don’t leave it too long… 

Dave MacLellan

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

ASSOCIATION NEWS

PRESIDENT’S MESSAGE
Welcome to the Autumn edition of The Laser 
User. As I write this the value of the pound 
is dropping faster than the leaves from the 
trees and we are finally approaching the 
US election date. Brexit has certainly not 
gone away and I fear we are really only just 
beginning on that particular journey.

OK so that's the bad news out of the way, 
let’s reflect on a great summer of activity for 
AILU and the promise of a really exciting next 
few months.

I had the pleasure of attending the annual 
Job Shop workshop held at the MTC in 
Coventry in early October. This was a real 
mix of interesting technical talks, practical 
advice for business owners and lively debate. 
The more "formal" academic based events 
that I sometimes attend would do well to 
take a look at the format and opportunities 
for knowledge exchange and networking 
afforded by the Job Shop event format.

I also want to highlight to you our flagship 
event ILAS (22-23 March 2017) which is now 
fast approaching, certainly in my world March 
is about a week away so please book the 
date in your diaries now. 

In other news Dave MacLellan, has ambitious 
plans for the AILU website that were 
discussed and agreed at the last committee 
meeting. The new site will be slick and 
modern and importantly, easy to navigate. 

I would like to close on a very positive 
note. You may remember that 2015 was 
designated the International Year of Light 
and as a direct result of IYoL UK it was 
announced last week that a new All Party 
Parliamentary Group in Photonics has 
been put forward for formal approval by 
Westminster. This will be chaired by Carol 
Monaghan MP who is a strong and active 
supporter of photonics in the UK. This really 
is great news and offers a further opportunity 
to flag the importance of lasers and laser 
processing to Government, funding agencies, 
academia and industry. The key channel for 
contact to this group is through the Photonics 
Leadership Group (PLG), of which I am a 
member and attend regular meetings. Laser 
processing is already listed as a potential 
topic for discussion by this group and I am 
happy to help channel any suggestions and 
ideas you might have through the PLG. 

Finally, I trust you will find this edition of our 
magazine informative and enjoyable and I 
hope to be meeting 
as many of you as 
possible at ILAS this 
coming March.

Ric Allott 

ric.allott@stfc.ac.uk

SHARP COMMENT
The revolution is upon us. That is the 4th 
Industrial Revolution – is it a real revolution or just 
good marketing? To some degree it does not 
matter, it is something that I think we would be 
wrong to ignore. There are a lot of developments 
in manufacturing that are being undertaken in 
the name of Industry 4.0 – and there will be 
support available to manufacturing companies 
from many different sources. 

So is it a revolution? Personally I feel it is more 
evolution. Others have said that it is the first 
industrial revolution to be named before it has 
happened, while there are some other aspects of 
this revolution that seem to be have been around 
for a while. 

The central requirement of generating and 
handling data, and extracting information is a 
core theme of Industry 4.0 – so now concepts 
like the Internet of Things (IOT) and “Big 
Data” are becoming inextricably linked with 
manufacturing. “Cloud computing” will be an 
enabling technology post revolution. “Everything 
will talk to the cloud”. So these digital subjects 
are seen as key pillars of Industry 4.0

There are several more “pillars” associated with 
Industry 4.0 – these include: simulation, virtual 
and augmented reality; autonomous robots; 
system integration; cybersecurity and additive 
manufacturing. 

Much of this may seem way beyond the 
means of SME manufacturing companies, 
and might be easy to dismiss. Much of the 
impetus on this subject seems to be coming 
from multinationals pushing their control and 
data handling technology, and it is easy to see 
how the major multinational manufacturing 
companies will be engaging in Industry 4.0. 
Those smaller companies in their supply chains 
will undoubtedly be guided accordingly. 

But other SMEs may feel that they cannot 
benefit from Industry 4.0, whether real or hype, 
and ultimately this could undermine their future 
competitive position. Whatever the size of 
company, if they are in Liverpool City Region, the 
good news is that a new project launches at the 
end of November. Part funded by the European 
Regional Development Fund, “LCR 4.0” is the 
UK’s first attempt at providing dedicated Industry 
4.0 support to the region's SME companies. I 
hope to report back on business successes as 
the project develops.

Martin Sharp
m.sharp@ljmu.ac.uk
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SESSIONS AT ILAS 2017 WILL INCLUDE:
• Additive Manufacturing 1 – Powder Bed (Chair: Adam Clare, University of Nottingham)

• Additive Manufacturing 2 – Wire & Powder Feed (Chair: Emma Ashcroft, TWI)

• Additive Manufacturing 3 – Repair & Remanufacturing (Chair: Paul Goodwin, TWI)

• Surface Engineering – Including  hardening (Chair: Jonathan Lawrence, University of Chester)

• Micro Laser Welding (Chair:  Stuart McCulloch, SPI Lasers)

• Macro Laser Welding 1 (Chair: Jon Blackburn, TWI)

• Macro Laser Welding 2 (Chair: Stewart Williams, Cranfield University) 

• Precision micro-fabrication (Chair: Duncan Hand, Heriot-Watt University

• Sources & Beam delivery (Chair: Simon Andrews, Fraunhofer UK)

• Ultra-short pulse applications (Chair: Malcolm Gower, Imperial College London)

• Laser Drilling (Chair: Martin Sharp, Liverpool John Moores University) 

• Marking & Ablation (Chair: Adrian Norton, thinklaser)

• Macro Cutting (Chair: John Powell, Laser Expertise)

• Laser Cleaning (Chair: Stan Wilford, IPG Photonics)

ILAS 2017

SUBMIT AN ABSTRACT
We invite you to submit an Abstract for a 
presentation at ILAS.  Tell us about your 
interesting and innovative laser material 
processing applications – whether you are 
using new technology or new techniques, 
ILAS is the perfect place to share results, 
trends, new technology and new market 
sector solutions.   Don’t miss out on the 
opportunity to email your Abstract by 
Monday 28 November 2016.  Copies of all 
abstracts will be made available to delegates 
in their conference pack.  Your paper can 
also be put forward to appear in the special 
ILAS edition of Lasers In Engineering Journal 
after the event.

ATTEND THE EVENT
Don’t leave it too late to register for ILAS 
– you can register and pay online or if you 
prefer, contact AILU office to receive an 
invoice or discuss your requirements before 
booking.  ILAS is being held at Belton Woods 
Hotel outside Grantham, so make sure you 
contact the hotel mentioning the AILU event 
to gain access to the ILAS room rate of 
£100 B&B.  The Symposium Dinner on 22 
March will be a great opportunity to meet 
new people and enjoy fine dining in a relaxed 
environment. Register and pay before 23 
December to catch the Early-Bird discount.

EXHIBIT AT ILAS
The table-top exhibition stands will be 
buzzing with visitors during the tea/coffee 
breaks and networking lunches.  If you would 
like to access the audience of manufacturers, 
system integrators, researchers, job shops 
and end users then sign up now for a table 
to avoid disappointment (when they’re gone, 
they’re gone).   All tables are likely to be 
allocated in the next few weeks, so get in 
touch straight away to reserve your space.

5TH INDUSTRIAL LASER APPLICATIONS SYMPOSIUM

22-23 MARCH 2017  
 BELTON WOODS HOTEL, BELTON, GRANTHAM, UK

www.ilas2017.co.uk

PLENARY SPEAKERS

Peter Herman
University of Toronto, 
Canada

“The magic of nonlinear 
ultrafast laser processing  
in transparent media"

Paul Hilton
TWI, UK

“Combining a focussed  
laser beam with a high 
pressure gas jet: 50 years  
of laser cutting”

Bill Shiner
IPG Photonics, USA

“The impact of fibre laser 
technology on the material 
processing markets and a 
look to the future”

Koji Sugioka
RIKEN Centre for Advanced 
Photonics, Japan

“Hybrid subtractive and 
additive femtosecond laser 
3D micro machining”

WHY COME TO ILAS 2017?
The ILAS is a unique event which attracts delegates and speakers from all over the world to share 
the latest in laser material processing applications with manufacturers and the supply chain for 
laser technology, subcontract laser services and research establishments, as well as a good mix of 
end-users and those interested to learn about what lasers can do in an industrial setting.  You are 
guaranteed to make new contacts, expand your network, find business or collaboration opportunities, 
meet potential employers and employees to develop your organisation or career.  

REGISTER BEFORE 23 DECEMBER 2016 FOR 10% EARLYBIRD DISCOUNT
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The annual AILU micro-nano workshop event 
is always well attended, and this year was no 
exception. Delegates included a core of industry 
professionals, peppered with some new faces, 
who had either come to present some of the 
latest innovations or to hear what’s new in the 
world of laser microprocessing. 

The introduction focused on the laser market 
place and industry statistics that show a 
relentless growth in laser microprocessing 
and more specifically, the continued growth 
and industrial adoption of both ps and fs laser 
sources. The adoption of laser processing is 
often taken on by high growth markets with 
the current focus on the apparent insatiable 
demands for batteries and mobile phones. 

The event was kicked off by Arnold Gillner 
of the ILT Fraunhofer in Aachen, who gave a 
presentation on high power microprocessing 
with ultra-short pulsed lasers using innovative 
optical devices. He stated that one of the 
barriers to adoption was the ability to direct and 
control the current range of laser sources, and 
gave examples how multi spot processing could 
be an enabling technology.

Dave Richardson followed up with some of the 
latest developments from the Optoelectronics 
Research Centre, University of Southampton, 
presenting on spatiotemporal fibre lasers for 
advanced manufacturing applications. This 
covered aspects such as pulse shaping, beam 
quality and polarisation, and their potential 
effects on processing. 

An interesting presentation on modelling of 
micromachining of diamond was presented 

by Guillaume Cadot of Nottingham University 
showing good correlation of actual processing 
results with the theory. 

Michael Berndt of ROFIN and Florian Kanal 
of TRUMPF gave presentations on ultra-short 
lasers covering a broad range of applications 
including processing of transparent materials and 
corrosion resistant black marking of stainless 
steels. Adam Rosowski of SPI gave an overview 
of the use of ns fibre lasers for welding of 
dissimilar metals.

Alan Ferguson of Oxford lasers gave an 
overview of important aspects in laser 
selection for micromachining and finished with 
a fascinating example of the manufacture of 
a “Robo Bee” manufactured using lasers by 
the Harvard Robotic Lab. The use of lasers in 
the manufacture of targets was presented by 
Duncan Cooper of Scitech Precision, a great 
example of a high value consumable....good 
for just one shot! Rafael Barcos’s presentation 
on the importance of software  provided the 
audience with a very different view of material 
processing, highlighting how time to manufacture 

and part accuracy could be improved based 
on his experience with making parts for the 
watch industry. The final contribution was made 
by Julie Guer of Amplitude Systems on some 
novel techniques in drilling holes with ultra-short 
pulsed lasers.

An exhibition ran alongside the presentations 
providing a forum for lively discussions during 
the breaks.

The event ended with a tour of SPI's application 
laboratories at their Hedge End site where the 
delegates were shown a number of applications 
with CW and ns pulsed fibre lasers.

Feedback from the delegates was extremely 
positive and the feeling was that in the very 
varied programme there was something for 
everyone! Finally I would just like to thank 
everyone for their participation which helped 
make the event such a success.

Jack Gabzdyl
Jack.Gabzdyl@spilasers.com 
www.spilasers.com

EVENT REVIEW

14 SEPTEMBER 2016    BOTLEIGH GRANGE HOTEL, SOUTHAMPTON   

AILU WORKSHOP: MICRO-NANO PROCESSING

Event speakers (left to right): Rafael Barcos (BS-Optics), Arnold Gillner (Fraunhofer ILT), Dave Richardson (University of Southampton), Florian Kanal 
(TRUMPF), Adam Rosowski (SPI Lasers), Jack Gabzdyl (SPI Lasers), Michael Berndt (ROFIN Baasel Lasertechnik), Julie Guer (Amplitude Systemes), Alan 
Ferguson (Oxford Lasers), Duncan Cooper (Scitech Precision), Guillaume Cadot (University of Nottingham)

Busy break-out time at the exhibition stands

Julie Guer delivers her presentation on laser 
drilling
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MEMBERS ON THE MOVE

ACSYS LASERTECHNIK UK 
has recently moved to new premises:  
Unit 6 Silver Birches Business Park, Aston 
Road, Bromsgrove, Worcestershire, B60 3EU

Contact: Paul Smith
p.smith@acsyslaser.co.uk
www.acsys.de

DEBE LASERS has moved to: 3 
Appley Court, Appley Wood Corner, Haynes, 
Bedfordshire, MK45 3QQ

Contact: Neal Croxford
info@debe.co.uk
www.debe.co.uk

 BUSINESS NEWS 

JENOPTIK LASER AT 
RAYLASE SITE IN CHINA
Successful installation of Jenoptik’s latest 
ultra-short pulse laser at the laser application 
laboratory of the new site of RAYLASE Laser 
Technology (Shenzhen) Co., Ltd. opens up 
new opportunities in the joint development of 
application solutions for customers in China 
The Chinese laser market, is one of the most 
dynamic and attractive for industrial laser 
material processing.

Contact: Andreas Draeger
Andreas.Draeger@jenoptik.com 
www.jenoptik.com
Contact: Harnesh Singh
H.singh@raylase.de 
www.raylase.com

BLUEACRE TECHNOLOGY 
IS EXPANDING
David Gillen, Managing Director of Blueacre 
Technology, welcomes Kieron Swords of 
Dynamic Innovations to lead Business 
Development. Due to customer demand 
Blueacre is expanding it's contract 
manufacturing services, which includes precision 
engineering, micromachining, laser processing 
as well as design and manufacture of turnkey 
assemblies.

Contact: David Gillen
dgillen@blueacretechnology.com 
www.blueacretechnology.com

BYSTRONIC'S SEPTEMBER 
OPEN HOUSE
The theme of Bystronic UK’s recent sheet 
metalworking machinery open house, held at 
the company's Coventry headquarters, was 
based on Bob Dylan’s 1964 hit, "The Times 
They Are a-Changin'". Those attending over the 
three days were keen to hear how to increase 
competitiveness and profitability. Detailed 
costings relating to the use of CO2 lasers and 
their more recent fibre laser counterparts were 
shown. The calculations provided an insight 
into the factors to be taken into account when 
purchasing laser cutting machines, including 
running costs, charge-out rates and finance 
payments.

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

HAMAMATSU EXPANDS 
PRODUCTION
Hamamatsu Photonics K.K. has announced the 
construction of a new building at its Miyakoda 
Factory, Japan, to increase manufacturing 
capacity of compound semiconductor devices. 
This expansion is being built in anticipation of 
growing demand for detectors and emitters in 
various applications that utilise infrared light.

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

PRO-LITE EXPANDS INTO 
SPAIN AND PORTUGAL
Pro-Lite Technology Ltd (Cranfield, UK) has 
opened for business in Spain and Portugal 
with the creation of Pro-Lite Technology Iberia, 
located in Barcelona. Pro-Lite’s Ian Stansfield 
commented: “Despite the uncertainty following 
the UK’s EU referendum, Pro-Lite remains 
committed to our European expansion, and we 
look forward to serving new customers in Spain 
and Portugal”.

Contact: Robert Yeo
robert.yeo@pro-lite.co.uk
www.pro-lite.es

TWI'S LASERSNAKE WINS 
AWARD
On 3 November 2016, the collaborative 
R&D project LaserSnake2 won the 2016 
Nuclear Decommissioning Authority award for 
Technology/Innovation Implementation at an 
event in Manchester, attended by over 2000 
people. 

TWI has recently completed the demonstration 
phase of the project. After two years of trials 
and planning, permission was given to take the 
new, long reach snake-arm robot (developed 
in the project by OC Robotics) and combine it 
with cutting techniques developed by TWI, ULO 
Optics, and Laser Optical Engineering, to reduce 
the size of a large radioactive stainless steel 
dissolver vessel. 

The vessel weighed 5 tonnes and consisted of 
an inner shell 32 mm thick separated from an 
outer shell 12 mm thick, by a gap of 40 mm. 
Paul Hilton will describe the results of this project 
in more detail at the ILAS conference in March 
next year.

Contact: Paul Hilton
paul.hilton@twi.co.uk
www.twi-global.com

COHERENT COMPLETES 
ACQUISITION OF ROFIN
On 7 November Coherent Inc. announced 
the completion of the previously-announced 
acquisition of ROFIN-SINAR Technologies Inc. in 
a transaction valued at approximately USD 942 
million.  Coherent funded the acquisition with a 
combination of cash on hand and proceeds from 
a seven year 670 million Euro secured term loan.  
With the addition of ROFIN, ROFIN Rasant-
Alcotec, ROFIN-Lasag, Dilas, Nufern, Corelase, 
ES Technology, Lee Laser, Nanjing Eastern Laser 
Co., Optoskand, PMB Elektronik, and PRC Laser 
(all ROFIN brands), Coherent now claims to have 
created the world’s largest laser company, with 
over 5,000 employees and 20,000 customers in 
over 100 locations across 40 countries.

Details of the acquisition can be found at 
together.coherent.com   
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PRODUCT NEWS

NEW LASER LINE 
GENERATOR FROM 
COHERENT
A new series of laser line generators from 
Coherent enables the detection of smaller 
features in machine vision applications based 
on triangulation. Specifically, StingRay µFocus 
(Micro Focus) lasers feature a linewidth that is 
40% smaller than standard Coherent StingRay 
products (at the same working distance), 
and can achieve focused linewidths as small 
as 20 µm, thus providing increased spatial 
resolution and the ability to discern finer details. 

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

SUB-NANOSECOND LASER 
FROM INNOLAS
With maximum pulse energies of 250 millijoule 
at only 500 picosecond pulse width, the new 
DPSS laser system MAGNA EVO from InnoLas 
Laser GmbH is an ideal solution for many pulsed 
laser experiments. Applications such as LIDAR, 
time-resolved spectroscopy, plasma physics 
or nonlinear optics benefit from the unique 
combination of high peak power, high pulse 
energy and short pulse duration.

Contact: Ian Duckett
iduckett@innolas.co.uk
www.innolas-laser.com

SCANLAB'S SCAN HEAD 
FOR GREEN LASER LIGHT
New to SCANLAB's ‘compact class’ of scan 
heads is the basiCube 10, optimised for use 
with 532 nm green laser light. This scan system 
excels in laser marking applications at this 
wavelength – as well as in laser-based (internal) 
glass engraving. The same applies to processing 
of precious metals, silicon wafers and other 
materials that respond poorly to typical infrared 
wavelengths.

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

HIGH PERFORMANCE 
AMPLIFIER FROM UNILASE
The Unilase laser amplifier is a high performance, 
compact unit capable of delivering tens of 
watts of output power from low power seed 
lasers. The mini-slab DPSS design and scalable 
architecture offers extremely high gain and high 
average power output with excellent beam 
quality. A Unilase amplifier in combination with 
a pulsed seed laser assures efficient conversion 
of the amplified beam into green and the UV if 
required. 

Contact: Dennis Camilleri
E: d.camilleri@unilase.com
W: www.unilase.com

CROFT TO DISTRIBUTE 3D 
SCANNERS IN THE UK
Croft Additive Manufacturing has announced 
an exclusive partnership with SMARTTECH 3D 
to distribute its range of industrial optical 3D 
scanners in the UK and Ireland. SMARTTECH 
3D scanners are used by some of the world’s 
leading companies including Volvo, Volkswagen, 
General Electric, Bosch and Whirlpool. 

Contact: Neil Burns
neil@croftam.co.uk
www.croftam.co.uk

SPI LASERS' NEW HIGH 
POWER FIBRE LASERS
SPI Lasers has commenced manufacturing 
a new generation of high brightness kilowatt 
class CW industrial fibre lasers, with initial 
launch products ranging in power levels from 
500 W to 6 kW. These new lasers encompass 
a collection of features and functions that have 
been driven by working closely with customers 
and suppliers, and are new, unique and 
economically important. These features, along 
with the laser performance, can be thought 
of together as “enabling optimisation of laser 
material processing”. This new generation of 
fibre lasers sits under the ‘QUBE’ product name 
and requires only electrical power and water 
connection, allowing quick configuration and 
interfacing to any one of a wide range of laser 
material processes.

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

SOURCES

ANCILLARIES
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LASER COMPONENTS'
SAFETY ENCLOSURES 
LASER COMPONENTS is pleased to promote 
its range of laser safety enclosures, permanent 
structures which support either fabric or 
concertinaed metal curtain. These are designed 
to block high power laser radiation, enclose laser 
machines and even whole rooms, and allow 
other site workers to work without the need for 
laser safety eyewear. 

Contact:  Kay Cable
kcable@lasercomponents.co.uk
www.lasercomponents.com

AEROTECH STAGES 
IMPROVE POSITIONING
Aerotech’s PRO series industrial linear motor 
and ball-screw positioning stages are now 
available in new sizes, with new features and 
significantly improved performance. In addition 
to the performance and feature improvements, 
two new sizes were added to the PRO-LM 
(linear motor) series stage line – the PRO115LM 
and PRO190LM. New features include a 
linear encoder option on PRO-SLE ball-screw 
stages, absolute encoder options on both the 
linear motor and ball-screw stages, and direct 
mounting to English and metric optical tables.

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

 PRODUCT NEWS

POSITIONING PI'S HEXAPODS PROVIDE 
PRECISE ALIGNMENT
Hexapod systems have a decisive advantage 
over stacked single-axis systems: since all drives 
act on the moving platform simultaneously 
(in parallel), the system has the same motion 
characteristics in all directions. This includes 
both the dynamic parameters and the accuracy. 
Positioning tasks, such as the alignment of 
samples or sensors that have no preferential 
direction of motion, clearly benefit from the 
parallel-kinematic principle. A precise alignment 
in several axes can also be important for heavy 
objects, such as for telescope mirrors or for 
inspection systems for large-sized LCD monitors. 

Contact Richard Moss
R.Moss@pi.ws
www.physikinstrumente.co.uk

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

THE AMERICAS  •  EUROPE & MIDDLE EAST  •  ASIA-PACIFIC

Dedicated to the  
Science of Motion

AH1215B-PMG-LTD

Aerotech’s New Nmark AGV-HPO 
GALVO SCANNER

Accurate • Stable • Flexible • Scalable • Economical

Accuracy
Single-digit micron accuracy

Stable
Consistent performance over long 
operating periods

Configuration Flexibility
10 to 30 mm apertures at multiple 
laser wavelengths

Ease of Integration
No wiring interference with laser 
beam delivery

Economical
Open-frame design reduces cost

AH0116A-LPM-LTD-AGV-HPO-126x190.indd   1 9/29/2016   11:24:18 AM

SAFETY
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Laser Castle at IMTS Chicago 2016

Certified laser safety cabins for multi-kW fibre lasers…

with fume extraction and integrated door options,

interlocked
to PL ‘e’

For ALL your laser safety compliance and needs…   01202 770740  sales@lasermet.com    www.lasermet.com

PRODUCT NEWS

POLYMER WELDING 
SOLUTIONS FROM ROFIN
ROFIN provides flexible integration packages 
for polymer welding, offering customer-tailored 
complete solutions from a single source.

Applications include mass production, e.g. 
manufacturing printer cartridges, as well as 
welding safety-related parts at well-known 
automotive suppliers. Electronics and sensor 
technology also rank among ROFIN’s key 
markets for its laser polymer welding solutions, 
which can be extended for marking tasks if 
required.

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

TOP-NOTCH CUTTING 
EDGES FROM PRECITEC
The new EdgeTec technology package from 
Precitec allows significant cutting quality 
improvements, especially in the case of nitrogen 
cutting of steel and aluminium. With the help of 
EdgeTec, laser cutting machines can now even 
manage metal sheets of 30 mm and more. 

As an extension to the standard ProCutter 
version, EdgeTec offers a larger adjustment 
range for the focus position. A single compact 
cutting head may therefore be used as an all-
around solution for applications requiring high 
cutting speeds with brilliant edge quality in the 
whole sheet thickness range for steel, aluminium, 
and non-ferrous metals. 

Contact: John Cocker
johnc@lasertrader.co.uk
www.precitec.de

JENOPTIK'S SOLUTION FOR 
VEHICLE BUMPERS
In order to meet the ever-increasing challenges 
of the automotive industry in terms of lightweight 
construction and material saving in the 
production process, Jenoptik has developed 
machine concepts specifically for the processing 
of bumpers. These concepts utilise two 
technologies which have been successfully 
introduced into the market: 3D laser cutting 
and 3D laser welding. By combining one 
laser cutting unit and one laser welding unit, 
Jenoptik presents a highly flexible solution for 
the processing of a vast variety of bumpers 
and for different complex interior and exterior 
components.

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

LASER PROCESSING
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PRODUCT NEWS, CASE STUDIES

 T: 01829773155 
 E: info@laserphysics.co.uk  

 www.laserphysics.co.uk   

   

Viewing Windows 
Curtains & Barriers 
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Enclosures 

Beam Dumps 
Eyewear 

Warning Signs 
LaserBee Software 

Laser Safety 

SYSTEMS

EOS INTRODUCES NEW 
DMLS SYSTEM
EOS has introduced its highly innovative 
system for Direct Metal Laser Sintering (DMLS). 
Designed for industrial applications, the ultra-
fast, quad-laser system builds on established 
EOS technology, and takes it to the next level in 
terms of productivity, part quality and scalability, 
to meet manufacturing requirements.

The EOS M 400-4 offers a large building volume 
of 400 x 400 x 400 mm and is equipped with 
four 400 W lasers operating independently 
in 250 x 250 mm squares each, including an 
overlap of 50 mm. It takes innovation to the next 
production level as it quadruples productivity.

Contact: Garth Stevenson
garth.stevenson@eos.info 
www.eos.info

BYSTRONIC CUTS THIN 
MATERIALS FASTER
Irish subcontractor Inishowen Engineering, which 
specialises in sheet metal fabrication and CNC 
machining, invested in a Bystronic BySprint 
Fiber 4020 and reported an increase in laser 
cutting speed of 20% when processing mild 
steel sheet up to 4 mm thick. Michael McKinney, 
Inishowen Engineering’s Managing Director 
commented, “We have a policy of regularly 
replacing our production machines and when 
our 2007 Bystronic CO2 laser machine came up 
for renewal last year, fibre technology was the 
obvious choice". The fibre laser cutting machine 
not only cuts thinner material significantly 
faster but also costs less to run and service. 
The latest, high power fibre sources also allow 
heavier gauge materials to be processed nearly 
as efficiently as on a CO2 machine and mild steel 
up to 12 mm is regularly cut on the Bystronic 
BySprint Fiber 4020.

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

CASE STUDIES

TRUMPF LASER MARKER 
EXTENDS PORTFOLIO
Broxton Industries, a Cirencester-based provider 
of subcontract manufacturing services, is reaping 
the benefits of a recently installed TRUMPF 
TruMark laser marking system. The company 
initially acquired the TruMark Station 5000 with 
TruMark 5020 laser to fulfil an order for marking 
long anodised aluminium extrusions. However, 
in the eight months since installation, Broxton is 
successfully filling the machine’s capacity with a 
raft of newly acquired work.

One hurdle to overcome when marking the 
aluminium extrusions was their length. Measuring 
2m, the extrusions were far too long for most 
laser marking systems to accommodate. 
“Unlike other systems, the TRUMPF TruMark 
Station 5000 had removable panels on both 
sides, which gave us an idea,” says Mr Ellams, 
Broxton's MD. “We could develop a bespoke 
side extension to provide an ergonomic and 
productive access point for loading long material. 
With the help of TRUMPF engineers, we 
integrated it with the safety circuit, which is vital 
when working with a Class 1 laser.” 

“The TRUMPF marking software is great as it 
allows the use of sequenced marking programs,” 
says Mr Ellams. “As a result, we can also 
perform automatic serialisation for aerospace 
and military work, where traceability is of 
paramount importance.” 

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

VISI'S DESIGN ROLE IN HEAD INJURY PROSTHESIS
Doctors and engineers in Mexico used VISI 
software to design a 3D printed titanium cranial 
prosthesis for a patient who had been shot in 
the head. The prosthesis was designed using 
the VISI CAD/CAM suite from Vero Software, 
and undertaken free of charge by designers 
and engineers from Vero’s Mexican reseller, 
VISI Series México.

The original stereolithography (STL) file of the 
entire head was provided by the medical team 
and was produced by a CT/MRI scanner. The 
STL file was used to 3D print an internal plastic 
prototype model to analyse the shape of the 
hole. Working with the doctors, the prototype 
model was reworked to create a more uniform 
hole with no fragments. Once happy with the 
topology of the skull, the prototype model 
was scanned and imported into the VISI CAD 
application.

From there, a network of curves was taken 
from the good side of the skull and mirrored 
onto the left side to cover the aperture. 
Then a surface model of the prosthesis was 
created and doctors were again consulted to 

help determine the ideal fixing structure and 
screw locations, and to ensure that the model 
conformed to the needs and complexities 
of cranial anatomy. At this point, a plastic 
prosthesis was printed for assembly to the 
head prototype to check for alignment and 
fitting. With a design finalised, the prosthesis 
was sent to the USA for printing on EOS's 
EOSINT M280 DMLS machine. 

Contact: Marc Freebrey
marc.freebrey@verosoftware.com
www.verosoftware.com
Contact: Garth Stevenson
garth.stevenson@eos.info
www.eos.info
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Once again, the aerospace industry is 
driving forward innovation and acting as 
the spearhead for digital manufacturing. 
The most recent signal comes from Thales 
Alenia Space. Working in collaboration 
with the 3D printing service company 
Poly-Shape, it has produced additively 
manufactured parts for the new South 
Korean communications satellites Koreasat-
5A and Koreasat-7.

The Koreasat-5A and Koreasat-7 antenna 
supports will be the largest volume parts 
produced by AM melting of metals from Europe 
to be in orbit. With dimensions of 447 x 204.5 
x 391 mm3 – and weighing just 1.13 kg – they 
really can be called lightweight components. 
The additively manufactured 3D components 
are used as basic antenna supports for the 
communication with ground base of the 
Koreasat-5A and Koreasat-7 satellites. An 
identical part was installed in both satellites. 

Lightweight construction and reduction in 
costs as crucial advantages

Aluminium is most commonly used for satellites 
due to its light weight and thermal conductivity. 
Florence Montredon, Head of AM at Thales 
Alenia Space, said “As a rule of thumb, the 
actual cost of putting 1 kg into orbit is around 
EUR 20,000, so every gram really does count. 
The starting weight of the two new satellites is 
around 3,500 kg.” AM’s potential for lightweight 
design was therefore a key reason to move away 
from the traditional methods. For these AM parts 
Thales Alenia Space chose an AISi7Mg alloy. 

Applications in space demand high strength, 
rigidity and resistance to corrosion from the 
materials that are used. The component 
validation process also revealed a low porosity 
rate on the finished component of <1%. 
The tests of tensile and shear strengths also 
produced encouraging results. For example, 
the tests in relation to symptoms of fatigue 
yielded values that significantly exceeded the 
required specifications. 

Minor deviations in the geometry were corrected 
with simple reworking, as was a small crack 
which was revealed by the CT. Fairly small pores 
inside the geometry were accepted following 
localised mechanical analysis. Ultimately, the 
parts successfully passed the dynamic tests 
carried out at Thales. 

Florence Montredon commented “The effects 
were huge: a 22% weight saving for the bionic 
AM structure compared to a conventional 
structure. Not forgetting a reduction in costs of 
around 30% with the finished part being available 
very much faster.” 

Machine and plant technology from 
Concept Laser on XXL scale

Poly-Shape has 28 3D metal printing machines 
which have different sizes of build envelope, 
the largest is currently an X line 1000R from 
Concept Laser. It offers a build envelope of 630 
x 400 x 500 mm3 and has a closed system 
for reliable process and powder management 
The LaserCUSING process technology from 
Concept Laser was very important for the 
project: what makes systems from Concept 
Laser unique is stochastic navigation of the 
slice segments (also referred to as "islands") 
which are processed successively. This process 
ensures a significant reduction in stresses when 

manufacturing very large parts. With large 
dimensions, it is obvious to want to control 
warping to the greatest extent possible. The 
X line 1000R offers balanced temperature 
regulation of the build envelope in order to 
prevent warping in the “oversized” parts. The 
large, bionic and intricate geometry takes a great 
deal of time to assemble but took only a few 
days to print.

Design to suit the process

CAE-CAD-based methods were used to trim 
the 3D components to a performance-focused 
geometry, bionics, and lightweight design. The 
design was optimised in several transitions, 
for example in respect of the various joining 
and mounting techniques. In addition, the 
area surrounding the satellite was fine-tuned 
in order to guarantee a maximum precision fit. 
The topology was optimised in 2-3 passages. 
The CAD data then underwent a redesign and 
smoothing before a mechanical analysis and 
simulation took place. 

The design was optimised to suit the process-
related circumstances in the build envelope with 
Poly-Shape. This involved the orientation of the 
part in the build envelope and the necessary 
support structures. Thales Alenia Space 
also incorporated methods of Layer-Based 
Manufacturing (LBM). Florence Montredon said 
“It is clear that we have identified AM as a good 
prospect for further projects. In the future, we 
would also like to incorporate thermal control 
technology or radio functions directly on or within 
the 3D structures. So functional integration is the 
next task. This is also a logical consequence of 
the potential offered by AM.” 

Contact: Stéphane Abed
s.abed@poly-shape.com
www.poly-shape.com

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

3D METAL PRINTED PARTS IN SATELLITE TECHNOLOGY

Europe’s largest additively manufactured part in orbit: an antenna support for satellites made of 
aluminium produced on an X line 1000R from Concept Laser. Courtesy of Thales Alenia Space

Lightweight structure in orbit: Koreasat-5A Courtesy of Thales Alenia Space
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Diamond, the hardest known material, 
is often used on the cutting edge of a 
tool to enable machining of other hard 
materials, such as glass, stone, sapphire 
and ceramics, as well as softer metals, 
including aluminium.  Yet diamond’s 
extreme hardness makes it difficult to 
prepare the precise geometry of a tool’s 
cutting edge.  

Traditional approaches for forming the cutting 
edge are mechanical grinding and electrical 
discharge machining (EDM). However grinding 
introduces undesirable microcracks into the 
workpiece which weakens it. And for tools 
using polycrystalline diamond (PCD) grains 
embedded in a carbide matrix, grinding can 
pull out individual grains, creating voids.  

Conversely, EDM generally cannot be used 
with non-conductors including monocrystalline 
diamond (MCD) and chemical vapour 
deposited diamond (CVD-D) tools. For PCD 
it can cut the carbide matrix, but not the 
diamond grains themselves. Thus, the finished 
cutting edge consists of grain breakouts 
and voids which are typically half the grain 
size, which is completely unacceptable when 
working with larger grain sizes.  

EWAG AG (Etziken, Switzerland), a 
manufacturer of high-precision tool grinding 
machines, has solved this problem by using 

an ultra-fast laser. Specifically, their Laser Line 
Ultra is a complete, integrated system for 
fabricating tools (e.g. cutting tool inserts, rotary 
tools, mill bits and drill bits) which incorporates 
a Coherent Hyper Rapid 50 ultrafast laser 
(producing up to 50 watts of average power, 
and can be configured for 100 watts).   

The advantage of the ultra-fast laser is that it 
can vaporise virtually any material, including 
diamond, to produce a cutting edge which 
is of very high quality and is free of chips.  
For substrates which contain relatively large 
diamond granules, the laser can even ablate 
part of a diamond grain to maximise edge 

smoothness. This quality level is virtually 
impossible to achieve using traditional, 
mechanical machining methods. Furthermore, 
laser processing enables the tool edge to 
be contoured with a precise shape, and 
even concave forms can be achieved. The 
result is both the capability for enhanced tool 
functionality, as well as extended tool lifetime, 
since it is well established that slightly rounded 
cutting edges wear better over time than 
sharper edges, which have a tendency to chip.  

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

LASER MACHINING NATURE’S HARDEST MATERIAL

The photos compare a tool edge prepared using traditional diamond grinding with one 
produced using ultrafast laser ablation.  The laser produced edge is smoother, with virtually no 
chips on the cutting edge

For most of us, the days of working 
outdoors in the fresh air are long gone. 
These days, most of our work is inside 
and we breathe the air that comes from 
the workplace. In manufacturing, any 
operation in which a material is processed 
has the potential to produce harmful 
materials that are detrimental to indoor air 
quality. 

Almost all laser operations generate respirable 
dust in the form of Laser Generated Airborne 
Contaminants (LGACs) to one level or another. 
These processes can generate unacceptable 
amounts of particulates or volatile organic 
compounds (VOCs), or both, which can cause 
respiratory issues - occupational asthma has 
been identified as a rising concern among 
those that use lasers in their work. 

In addition, uncaptured laser-generated 
particulates may cause damage to optics, 
beam divergence problems, sensor failure, 
handling equipment problems and fire hazards. 
So how can these contaminants be extracted 
from our workplace?

One option is to vent to the atmosphere 
but this is not the most effective means 
of evacuation. Venting is expensive, 

time consuming to install and can have 
environmental consequences. If roof-top 
ventilation is not correctly installed and used, 
the air vented outside may be brought back 
inside. Another option is using benchtop fan 
sets but contaminants are just moved around 
the workplace and little clean air is introduced. 

Ineffective contaminant removal creates a 
dirty workplace with poor air quality, which 
will eventually reduce worker comfort, cause 
production downtime and create employee 
health concerns. 

It is becoming increasingly popular and 
affordable to capture contaminants at source 
using localised exhaust ventilation (LEV) 
devices, or fume extraction devices. Reputable 
makes will ensure compliance with International 
Health and Safety Law.

Modern fume extraction devices are portable 
and can be easily moved when production 
lines need to be changed. They also remove 
many of the problems of venting outside. 

Modern LEVs provide reassurance to workers 
that the quality of returned air is good, as 
many have monitoring systems on view in 
their displays. Effective extractors can even 
produce air of better quality than the rooms 

in which they are located. Modern systems 
also generally employ the use of both speed 
control and volume control. Variable speed 
control uses less power than fans that run at 
a fixed speed, prevents inconsistency of air 
flow to processes, and allows for longer, more 
predictable periods between maintenance. 

The newer generation of LEVs generally allow 
for the use of a pre-filter and HEPA filtration 
combined with a chemical filter that will remove 
particulates, VOCs and other gases, providing 
a solution for a clean and healthy workplace.

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

www.purex.co.uk

GOOD INDOOR AIR QUALITY: A NECESSITY FOR THE WORKPLACE
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AILU exhibited again this year at Advanced 
Engineering 2016, and the show was again 
excellent in terms of quality and quantity 
of visitors – many design engineers attend 
this show from Aerospace and Automotive 
companies and many others in manufacturing.  
This show is an opportunity to make and some 
great contacts who are looking to implement 
lasers in manufacturing.  

On Day 1, Dave MacLellan spoke at the Open 
Forum on Performance Metals Engineering with 
the title “Better by Laser:  Saving weight, money 
and time with lasers in manufacturing” which 
was attended by over 40 people.  

On Day 2 AILU President Ric Allott presented 
on the Enabling Innovation stage with the title 
“Laser Driven Sources - opening a whole new 
world of applications” highlighting some of the 
latest innovations at the Central Laser Facility.  

The Open Conference attracts a good range 
of high quality speakers and delegates running 

alongside the exhibition.  This represents an ideal 
forum to raise the awareness of laser based 
manufacturing, and it would be great to see 
more AILU members represented.  

The AILU stand was busy over both days with 
visitors interested in who we are and what we 
provide. The Products & Services Directory 
seemed to be a popular resource and the 
magazines were also in demand. 

We had a number of enquiries from individuals 
asking whether we could help problem solve 
with laser processing different materials at 
varying thicknesses and of course we were 
delighted to refer them to those AILU members 
who could help.

It was a great opportunity for us to catch up with 
numerous members on their stands - below are 
a number of images from across the 2 days.

AILU SUPPORTED EVENT

AILU @ ADVANCED ENGINEERING 2016

The AILU stand

Dave MacLellan presenting at the Open 
Forum

Ric Allott presenting at the Enabling 
Innovation stage

Shimadzu

BOC Laser Lines SPI Lasers

ROFINInnoLas

IPG Photonics3D Lasertec
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ADVANCED ENGINEERING 2016

LASER IGNITION 
Collaborating with engine control colleagues, the 
group has pioneered work in the UK on laser 
ignition of petrol car engines. Most recently, 
through an EPSRC project (grant no: EP/
J003573/1) supported by Ford Motor Company 
and Cambustion, spatial light modulation has 
been successfully used to demonstrate multi-
location (and multi-event) delivery of ns laser 
energy in a single cylinder test engine. This has 
been shown to improve combustion stability and 
generated power, especially in leaner air-fuel 
mixtures (needed to reduce fuel consumption 
and emissions) where conventional spark ignition 
fails to operate. 

Figure 5 shows three air breakdown sparks 
created by axial shifts, before being applied to 
the test engine. Approaches to miniaturisation 
of future laser ignition systems and robust 
affordable beam delivery are currently being 
pursued. The technology also has potential 
applications beyond the auto sector, such as 
in stationary gas-powered engines for energy 
generation and in aero-engines for high altitude 
operation and re-ignition.

DIRECT WRITE
Through the Innovate UK FASTLAPS programme 
(grant No 131560) we have been working with 
Intrinsiq Materials Limited on the development of 
a novel prototype laser based sintering system 
for the generation of copper based printed 
electronics. Using an optimised novel modular 
uniform laser line source, rapid efficient sintering 
of a R2R based production system has been 
demonstrated successfully. 

ULTRAFAST LASER MICRO-
MACHINING
Ultrafast  lasers (τ <10 ps) are ideal for precision 
micro-structuring, since heat transfer and 
melting of the surrounding region are minimised. 
Ablation can generate clean structures but 
often requires significant attenuation of available 
pulse energy, thus limiting throughput.  A flexible 
Diffractive Optical Element such as a Spatial 
Light Modulator (SLM) can increase throughput 
using parallel beam processing or beam shaping 
by applying pre-calculated Computer Generated 
Holograms (CGHs). 

Using a uniform 8 spot array, Figure 2 shows 
high speed multi-beam patterning of thin film 
(30 nm) aluminium on flexible PET using 5 W 
average power from a Coherent Talisker with 
negligible damage to the PET. The processing 
rate was 0.5cm2/sec. 

Beam shaping of a 1.06 µm, picosecond laser 
beam has also been used to ablate arbitrary 
shapes. Figure 3 shows micro-structuring on 
stainless steel using a series of CGHs creating 
letter height of ∼ 60µm with a typical intensity 
distribution below.             

Surface micromachining with ps/fs pulses on 
metals can generate periodic structures with a 
pitch close to the incident wavelength. These are 
formed orthogonal to the incident polarisation. 
An SLM can be used to rotate linear polarisation 
in real time, and dynamic surface patterning 
of a polished brass surface using 1.06 µm, 10 
ps pulses is shown in Figure 4.  The image 
shows white light diffraction from ∼1 µm periodic 
structures where linear polarisation was rotated 
by 10° in each segment.  This technique can 
be used for information encoding in security 
marking.

FEMTOSECOND LASER 
INSCRIPTION 
Focused ultra high intensity femtosecond laser 
pulses are used to change (permanently) the 
refractive index in transparent dielectrics, initiated 
through non-linear multi-photon absorption. 
Figure 1 shows diffraction from a large Volume 
Bragg Grating (VBG) in the low density polymer, 
poly-methyl pentene with 100 lines/mm, 
structured on behalf of SofMat Ltd, a company 
specialising in anti-counterfeiting technology. Figure 5: Air breakdown sparks created by 

axial shifts

Figure 1: Femtosecond laser inscription of a 
low density polymer

LASER ENGINEERING 
GROUP 

The University of Liverpool’s Laser 
Engineering Group, established in 1987, 
researches engineering applications of 
lasers and supports industrial take-up of 
laser technology in manufacturing. 

The present research portfolio includes 
precision micro-structuring with 
ultrafast lasers, flexible beam shaping 
for high throughput surface patterning, 
femtosecond laser inscription, direct 
write and laser ignition.  

Recently, all laser systems housed at the 
Lairdside Laser Engineering Centre were 
relocated to new, temperature/humidity 
controlled laboratories on campus. 
The aim was to consolidate facilities, 
strengthen collaborations with other 
university institutes and departments, 
and increase engagement with centres 
for doctoral training and innovative 
manufacturing. 

Research funding sources include 
EPSRC, Innovate UK, EU Horizon 2020 
and industrial research contracts.

Contact: Geoff Dearden (Group Leader)
G.Dearden@liverpool.ac.uk   
www.liverpool.ac.uk

FOCUS ON RESEARCH

Figure 2: High speed multi-beam patterning 
of thin film aluminium

Figure 3: Mask imaging on stainless steel

Figure 4: Dynamic surface patterning of a 
polished brass surface
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JOB SHOP BUSINESS MEETING 2016

Over 50 delegates attended the annual 
Job Shop Business Meeting 2016 on 4 
October at the Manufacturing Technology 
Centre (MTC) near Coventry.  The theme 
of the day was “The Future of the Job 
Shop” and the main focus was on possible 
strategies for automation and adapting to 
the needs of the changing market.

Many Job Shop owners are not aware of the 
facilities at the MTC and the possibilities for 
SMEs to access process development and 
metallurgical analysis offered at this High Value 
Manufacturing (HVM) Catapult.  Craig Stevens 
introduced the MTC, then Kevin Withers and 
Richard Jessett gave an overview of the laser 
material processing capabilities at the centre 
and the processes and equipment that are 
available.  

Scott Simpson of Simpson Technology, Dean 
Kirby from Fanuc and Paul Nagy of Kone 
Cranes highlighted potential automation 
solutions for machine unloading and parts 
management which might allow Job Shops to 
fully harness the power and speed of their laser 
processing equipment.

Updates on the latest equipment from 
Bystronic, Mitsubishi, Vortex and GF Machining 
gave food for thought about future investment 
decisions and then John Lincoln presented 

JOB SHOP CORNER

SUBCON DELIGHTED TO 
WIN PRESTIGIOUS AWARD
Subcon Laser Cutting Ltd are proud to 
announce they have won the coveted CET 
Coventry & Warwickshire “Excellence in 
Manufacturing” award. The winners were 
announced at a grand gala dinner and 
presentation night held at the Ricoh Arena on 
Thursday 20th October. 

Tom Mongan, General Manager at Subcon Laser 
said “Winning the award was an unbelievable 
achievement given the pedigree of the other two 
finalists, namely Jaguar Land Rover and The 
Autins Group.  It was a great honour just to be 
nominated as a finalist with these two truly world 
class organisations and then to actually win the 
award is quite remarkable”. 

Mongan continued “It is great honour for all the 
staff at Subcon as it really is in recognition for 
all their hard work, dedication and loyalty to the 
company, because without them winning such a 
prestigious award would not be possible”.

On the night Subcon also picked up another 
trophy as they were named as runners up in the 
“Excellence in Science & Technology” category.

Contact: Tom Mongan 
TMongan@subconlaser.co.uk
www.subconlaser.co.uk

Subcon employees accept their award

a very helpful and entertaining introduction to 
Industry 4.0 and how digital manufacturing 
is well-known to laser users even if the 
terminology they use doesn’t contain the 
essential “buzz words” to promote our 
technology.

After lunch, Dave MacLellan outlined the results 
of the AILU Breakdown Response Survey 
where TRUMPF and Bystronic customers 
gave feedback on the service received when 
systems break down.  John Powell then 
introduced the AILU Electricity Survey where 
savings of 25% or more could be made, and 
Energy Consultant James Isaacs outlined some 
of the possible pitfalls of not understanding 
the complex energy market.  Finally, there was 
a lively discussion session about the content 
covered and future concerns, followed by a 
tour of the MTC facility. 

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

ISSUE 82 AUTUMN 2016



17

ISSUE 82 AUTUMN 2016

Well it has all been go recently hasn’t it? Apparently there’s been some 
kind of vote happening across the pond between a couple of pensioners, 
not that we’ve heard much about it here. Brexiteers are upset that the 
British courts have ruled that parliament must have precedence over our 
Prime Minister, despite campaigning for more power to British courts and 
Westminster. Plus there was some exhibition or other in Germany last 
month which I’m sure one or two of you went to, but the big news was 
clearly AILU’s Job Shop meeting in October!

The meeting held at the MTC centre in Coventry was a great success, 
thanks to all that attended and especially to all those who presented 
or contributed. For those who couldn't attend, you really missed some 
great talks and the chance to see the impressive facilities at the MTC. 
The presentations showed some of the very impressive automation which 
was now available and I enjoyed the talk on Industry 4.0, which much 
more interesting and entertaining than I had anticipated. At the MTC it 
was wonderful to see developments with one of the most powerful fibre 
lasers in Europe, a 20 kW beast attached to a robotic arm, and to visit 
their Virtual Reality room where SMEs are offered a life-size view of a new 
factory floor layout and how it can be optimised.

By the time you read this, there should have been a decision made in 
the US between the hardest fought election ever between two of the 
least popular candidates in living memory. Why do we care you ask? Well 
whoever becomes the “Leader of the Free World” has an impact on all of 
our lives to one degree or another. Not only does the President influence 
popular culture throughout the West, but in today’s globally delicate 
political climate we are affected more than ever before by the decisions 
they make.

Closer to home the Brexiteers have been back out campaigning about 
the recent court decision on Parliament actually having some say over 
Article 50. Now I don’t care which side of the fence you sit regarding the 
EU referendum, but this decision is the most sensible one in politics I have 
seen for a long while. This actually allows MPs, our elected officials, to 
have an input into one of the biggest changes to our country that many of 
us have ever seen. It does not mean that they are definitely going to block 
Article 50 from being implemented but they should at least be given the 
responsibility to do what is in the best interest of the country, isn’t that their 
job? Of course we are all following this keenly, despite such dry subject 
material, as the ramifications could have a huge impact on both us as 
individuals but also on industry. 

Finally those who did make it to EuroBELCH 16, I hope you all had a great 
time, didn’t get too many blisters from walking the vast distances, like from 
one side of the TRUMPF stand to the other, and got to see some of the 
great new technology on show. I missed it this year but I’m keen to see 
Mazak’s new Direct Diode laser that was showcased and to hear more 
about why some of the laser OEMs are planning to stop producing CO2 
lasers in the future. We couldn’t survive without our CO2 lasers, how about 
you?

Mark Millar

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

CHAIR’S REPORT

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

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

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

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

LASERLINE®
Leading in laser and additive manufacturing 
gas supply solutions

Download our Laserline 

and additive manufacturing brochures

POLITICS AND THE REAL WORLD
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BRINGING INNOVATION  
TO LASER GAS SUPPLY 
AN INTERVIEW WITH 
STUART WILDERS  

BUSINESS STRATEGIST, BOC UK LTD

Q. Can you give us a brief history and overview of BOC?

18

Founded in 1886, BOC 
is the UK and Ireland’s 
largest industrial, medical 
and special gases provider, 
serving more than 300,000 
customers.  In 2006, BOC 
joined forces with Linde 
to form The Linde Group, 
creating a world-leading 
gases and engineering 
group.  Both companies 
have a long established 
history, a strong track 
record as innovators and 

have played a significant 
role in shaping the 
industrial gases industry.  

BOC is considered 
the leading gas and 
joining authority within 
manufacturing, particularly 
within the laser industry.  
Through our LASERLINE® 
solution, BOC supplies 
specialised laser gas 
systems including speciality 
lasermix gases, gas and 

safety equipment and 
application technologies, 
supported by a network 
of technical support 
engineers. From laser 
cutting of thick or thin plate 
stainless and mild steels 
to welding of aluminium 
alloys, we are proud to 
meet all customer laser gas 
requirements.
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Q. You are known internationally for supplying  
 cylinder gases, what else do you do? 
Apart from our cylinder gas business, BOC distributes nitrogen, oxygen 
and argon gas in cryogenic liquid form. BOC has seven air separation units 
across the UK and Ireland, ensuring security of supply for our customers.  
Our air separation units liquefy and distil the air into its component parts 
at cryogenic temperatures. Liquid carbon dioxide, which is recovered and 
purified from industrial sources, is also available.

In addition to our global gases business, The Linde Group has a number 
of other operations in which it is a global leader. Linde Engineering is 
a leading technology partner for plant engineering and construction 
worldwide. The business has been built on providing extensive process 
engineering expertise within the planning, project development and 
construction of major turnkey industrial plants. 

The Group also owns GIST which provides end to end supply chain 
solutions for customers across the globe. Finally, our healthcare division 
is the UK’s leading supplier of medical gases and related services to 
healthcare organisations. 

Q.  How has the acquisition by Linde changed  
  BOC in the past decade?
Since the acquisition by Linde we have been able to increase investment 
within the development of global applications technologies and innovations. 
The Linde Group has R&D centres across Europe, Asia and America 
and invests in gas technologies to support customers’ manufacturing 
processes. Most recently, Linde has launched the first-of-its-kind 
measurement and analysis unit to control the oxygen and humidity levels 
inside laser metal fusion machines within additive manufacturing processes.

Q.  What are the latest developments and   
 challenges for your product range?
Ahead of Industry 4.0, BOC has developed a range of innovative digital 
cylinder packages incorporating higher pressures, digital displays and 
newly designed guards and valves which provide more gas, increased 
cylinder intelligence and easier portability, while not impacting on safety.

We have developed ways to make it easier for our customers to buy online 
and manage their accounts, and an exciting new mobile app with ‘scan to 
re-order’ functions enables our customers to re-order whilst on the move.

BOC has launched a range of applications specific to the laser and additive 
manufacturing industries, including an innovative new cleaning process 
that uses tiny carbon dioxide crystals known as ‘snow’. CRYOCLEAN® 
Snow is designed to remove smoke residue, often found within CO2 

laser processes, as well as removing surface oxides and un-fused metal 
powders commonly found within additive manufacturing. 

Q. How much of the gas supply business does  
 laser material processing take? 
Lasers account for a relatively small amount of the overall gases volume 
supplied into the manufacturing industry; however the laser industry has 
remained of significant interest and focus for BOC for many years. The 
emergence of lasers has created greater industry demand for gas and 
therefore has resulted in significant developments within supply options, for 
instance the launch of high pressure liquid nitrogen supply solutions. 

Q. Has the move from CO2 to fibre lasers   
 affected your lasing gases business?
CO2 lasers require both a lasing and cutting gas to operate. Carbon 
dioxide gas, mixed with helium and nitrogen, is required to power the laser 
radiation. Nitrogen or oxygen are required for the cutting gas.

Nowadays, with solid state fibre lasers, the laser light is created by diodes.  
Fibre lasers typically have no moving parts or mirrors and provide higher 
electrical efficiency as well as higher speeds for cutting thin material. Fibre 
lasers typically require one type of gas for cutting, usually either nitrogen 
or oxygen. Depending on production volumes, customers choose from 
cylinders through to cryogenic liquid gas, supplied through our specialist 
delivery service CRYOSPEED®.  

Our CRYOSPEED® service is delivered by the largest mini-bulk fleet in the 
UK and Ireland and can be found in more places, more often, than any 
other gas supplier. This gives us unrivalled flexibility to accommodate our 
customers' needs as well as delivering true security of supply. 

The industry has expanded since the emergence of fibre lasers. Whilst 
there is demand for both CO2 and fibre lasers, customers will have need 
for both lasing and cutting gases, supplied in various forms.

 
Q. How has AILU Membership been helpful to  
 your company?
BOC has been a member of AILU and has played an active role for 
decades. We regularly attend the annual job shop meeting, present insight 
into the industrial gases industry as well as supply options across both 
laser cutting and laser welding processes.

AILU enables BOC to connect with customers and the OEM community to 
understand their challenges, which in turn provides BOC with the insight 
to fully engage our R&D centres and develop the next generation laser 
application technology and innovations for industry.

Contact: Stuart Wilders
stuart.wilders@boc.com
www.boconline.co.uk

INTERVIEW

The emergence of lasers  
has created greater  

industry demand for gas

“

”

AILU enables BOC to connect 
with customers and the OEM 

community

“
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Ultra-short pulse lasers (USP lasers) 
present a new class within high-
performance laser beam sources for 
industrial applications. Due to the 
outstanding features of the radiation 
emitted from these sources, which 
are addressing important physical 
principles of light-matter interaction, 
traditional processes of deposition of 
light energy into the material can be 
circumvented. 

With pulse durations in the picosecond and 
femtosecond range, the absorbed energy is 
concentrated in the material to a depth of a 
few nanometers, avoiding thermal damage to 
the materials. These properties have generated 
numerous processes in precision machining of 
solar cells, batteries, injection mould tools and 
electronic components. However, currently the 
industrial applications with USP lasers are limited 
typically to powers of much less than 100 W. 

When looking at typical picosecond laser 
processes for metals and ceramics with high 
quality laser ablation, laser drilling or laser 
cutting, the average power used in most 
processes is in the range of 1-10 W for single 
beam processing using a classical galvo-
scanning system. With this approach, 3D 
micro-structuring of metal surfaces for tooling 
and printing applications with ps-lasers has 
opened up new possibilities for components and 
products. 

Scaling the design of USP lasers will make much 
higher average powers possible, so that lasers 
in the kW range will be available in the future, 
which will also open up applications for macro 
processing. However, using high power USP 
lasers with high repetition rates, by increasing 
the pulse frequency up to multi MHz or the 
pulse energy up to mJ, the process conditions 
can cause thermal issues like overheating, 
melt production and plasma generation with 
the resulting drop in ablation quality. Therefore 
certain parameter sets and fluence ranges have 
to be considered and taken into account to keep 
the high processing quality of USP processing. 
High ablation quality can only be achieved when 
the processing fluence is close to the ablation 
threshold, which requires new processing 
strategies and innovative system components. 

Systems for high speed laser processing

To avoid negative surface effects such as 
cone-like protrusions, surface ripples, plasma 

interaction and thermal accumulation, a 
combination of specialised system technology 
together with an adapted processing strategy is 
needed. Currently two different approaches can 
be seen:

• Ultrafast scanning with moderate pulse 
energies and high repetition rates

• Multiple beam processing with moderate 
fluences in each single beam

Both approaches lead to high average ablation 
rates and can be used to optimise the usage of 
high power USP lasers. 

High speed scanning technology with fast 
polygon mirrors

The available pulse repetition rates of ps-lasers in 
the MHz range, and the relatively slow scanning 
speed of common galvanometric scanning 
devices in the range of 5-10 m/s, imply a large 
pulse overlap of more than 95%. This leads 
to a high local thermal accumulation and a 
pulse-plasma interaction on the metal surface 
leading to a decreased machining quality, that 
can be readily seen in pulse lengths between 
picosecond and nanosecond duration. 

In order to enable the use of high pulse repetition 
rates with fewer thermal effects, an ultrafast 
scanning technique is required. One solution 
is the use of a polygon mirror device. For high 
scanning speeds >100 m/s and a rapid material 
removal rate using high repetition USP lasers, a 
processing system with a fast polygon scanner 
and a fast beam modulator has been used. 
A polygon mirror rotating at a high, constant 
speed of multi 10 Hz/s was developed, thereby 
increasing the maximum processing speed 
significantly. 

The optics are based on a high speed drive in 
combination with a multi-facet mirror system. 
Conventional f-theta optics can be used for a 
processing field of up to 100 mm with 160 mm 
optics and a scan speed of up to 320 m/s. The 
modulation of the laser beam at several MHz, 
in synchronisation with the laser cycle and the 
correspondingly adjusted positioning of the laser 
beam on the workpiece, constitute the biggest 
challenges. By using this technology every single 
laser pulse can be delivered with a low pulse 
overlap for optimal results when utilising the full 
laser power.

For processing a large area, the laser beam is 
deflected along a line and, by displacement of 

this line, two-dimensional processing is carried 
out with a high accuracy motion system. In this 
way, the entire workpiece can be processed in a 
bitmap mode. The system has been integrated 
into a high precision laser cutting machine for 
semiconductors. In Figure 1 the system setup 
for semiconductor machining is shown, together 
with a performance result for surface structuring 
in metals with different structures at scanning 
speeds of up to 100 m/s.

Multiple beam processing with diffractive 
optical beam splitters 

The second approach to increase productivity 
and process efficiency is the application of 
beam splitting devices to enable parallel 
processing with multiple beams, each having 
a low pulse energy. However, shaping and 
steering of multiple beams requires particular 
optical systems which are not state-of-the-
art today. Limitations for large spot arrays are 
evaluated and considered when designing 
appropriate optical systems. For the purpose 
of micro-structuring with high demands on the 
spatial accuracy, an optical system based on a 
diffractive optical beam splitter is designed and 
implemented. By splitting a single laser beam 
into several beams, significantly greater laser 

USP LASER MICROPROCESSING

HIGH POWER MICROPROCESSING 

USING INNOVATIVE OPTICAL DEVICES
ARNOLD GILLNER

Figure 1: Laser scanning unit with polygon 
mirror (top) and processing results using 
ps-laser source at a wavelength of 1064 nm 
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power can be utilised just by multiplying the 
number of beams. 

This beam splitting is made possible by a 
diffractive optical element (DOE). The DOE 
consists of an array of microstructures, which 
are capable of producing virtually any type of 
intensity distribution behind the element by 
means of diffraction – depending on the design. 
The DOE is integrated into an optical set up 
between the beam source and a galvanometer 
scanner in such a way that the split laser beams 
are imaged in the galvanometer scanner by a 
relay lens system. Furthermore, this relay lens 
system offers a practicable solution to remove 
higher diffraction orders of the DOE. 

Focusing the beams using an f-theta lens 
produces a periodic array of processing 
points, which can then be moved across the 
workpiece. This makes it possible to ablate 
patterns of any complexity even on a large 
scale. Using the scanner, a highly dynamic, 
simultaneous deflection of all partial laser beams 
can be achieved. For the alignment and the 
experimental evaluation of the complex optical 
system, appropriate measurement devices are 
necessary. The simultaneous determination of 
several spot positions is realised by a camera 
system and adapted evaluation software. First 
experiments of large-area processing of metal 
foils show promising results. 

The splitting of a laser beam into 196 beamlets 
has already been successfully demonstrated 
in an optical set up and has been integrated 
into a laser processing machine. This beam 
parallelisation enables the workpiece to be 
processed at 196 periodically arranged points 
simultaneously, resulting in an almost 200-fold 
increase in processing speed compared to 
a single laser beam. In Figure 2 the principle 
optical configuration is shown for modular 

changing beam pitch and numbers of rows and 
columns. With this device and a high power 
ps-laser, micro-drilling and micro-ablation has 
been shown in filter applications and thin film 
ablation as shown in Figure 3.

Multi beam processing with Spatial Light 
Modulators

A more flexible approach with respect to the 
spot configuration and pattern shape is the 
use of a Spatial Light Modulator (SLM) which is 
placed in front of a galvo scanning system and 
which, together with the optical components, 
forms a newly designed Programmable 
Diffractive Optic (PDO). 

The PDO works similarly to the static DOE-
devices but allows flexible modulating amplitude, 
phase or polarisation of light waves in space and 
time, and thus generates arbitrary patterns in 
the working plane of the scanning system. With 
the PDO, a pattern of single beams, or even 
lines and shapes, can be generated by shifting 
the wavefront phase with a resolution of several 
microns. In this way an interference pattern is 
produced in the focal plane of an imaging lens. 
Using LCDs as a phase shifting system, the 
pattern can be changed with a frequency of 
up to 50 Hz. SLMs have been used for beam 
steering and beam shaping in microscopy and 
cell manipulation in the past, but are available 
at high lasers powers up to 100 W. In this way 
SLM-containing PDOs can be used in micro- 
manufacturing with high power USP lasers with 
flexible multi beams. Within the PDO, the SLM is 
imaged into the scanning system using a 2f or 4f 
optical setup. 

With this system, picosecond laser processing 
has been performed with different configurations 
of laser spots. In combination with a fast galvo 
scanning system both position and shape of the 
generated diffractive pattern can be maintained, 
and flexible ablation on large fields can be 
performed with ultrashort pulsed lasers (Figure 
4). With this approach the PDO will probably be 
an alternative for the use of static DOEs in high 
power applications in future.

Conclusions

Using two different scanning techniques, 
the potential of high power ultrashort pulsed 
laser ablation of metal surfaces with respect 
to ablation quality and efficiency has been 
investigated with different approaches. In future, 
this technology will permit the output capacity 
of current high-power ultra-short-pulse laser 
systems to be fully utilised on the workpiece for 
ultrashort pulse laser processing. Processing 
times will drop accordingly, leading to a 
significant reduction in overall process costs. 
This will make USP lasers significantly more 
attractive to users from an economic point of 
view for manufacturing periodic microstructures. 
With this approach, it becomes economically 
feasible to structure even large surfaces. The 
long-term goal is to use multi-hundred-watt 
lasers for micro-structuring before too long.
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Figure 2: Multi beam set up for parallel 
processing with ultra short pulsed lasers, 
(top): 3D-sketch, right: 4x4 laser multiple 
beam processing 

Figure 3: Multibeam drilling of filter foils 
(top), multibeam thin film ablation of ITO-
layers 

Figure 4: Flexible surface pattering with 
spatial light modulator in combination with 
galvo scanner and picosecond laser radiation
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LASER CUTTING

The trend towards ongoing 
miniaturisation of electronic 
components and printed circuit 
boards (PCBs) is creating new 
challenges in production.  Typically 
large boards or panels are produced 
using surface mount technology 
(SMT) and these consist of multiple 
sub-units which must be accurately 
and consistently cut to separate them 
from the panel creating individual 
assemblies, in a process called 
depaneling.  Unpopulated or even fully 
functional panels must be separated 
into individual PCBs with as little 
mechanical and thermal stress as 
possible.  As component and track 
density increases, so to do the 
demands for precision, cleanliness and 
flexibility.  

Laser cutting systems have already largely 
replaced traditional sawing, routing and 
punching.  However, commonly used UV 
laser sources are high cost items and, more 
importantly, demand high maintenance costs 
when used in industrial manufacturing.  This 
article describes a specially designed green laser 
source that provides the throughput and quality 
which is equal to, or higher than, current UV 
lasers, but with greatly improved efficiency and 
robustness.     

The Global Marketplace for PCBs

Production of PCBs has become very heavily 
concentrated in the Asia/Pacific territory, where 
approximately 87.5% of global production 
was based in 2014. PCBs can be classified 
by type according to the number of layers and 
whether they are Rigid, Flexible or a Rigid-Flex 
combination. The fastest-growing PCB market 
segment currently is Rigid-Flex PCBs.  These 
enable the electronics to wrap around other 
components to make consumer electronics 
smaller and lighter.  Sometimes the flexible part 
is bent once where it is in a fixed location. In 
other products the circuit is designed to pass 
through a flexible hinge (e.g. a laptop screen 
attached to keyboard) and bend dynamically 
and reliably without failure for the lifetime of 
the product (see an example in Figure 1).  This 
segment is one the fastest growing, and is 
predicted to continue growing by in excess of 
10% per annum over the next few years (see 
Figure 2).

PCB substrates put high demands on the 
cutting process

The varying thickness and flexibility of the Rigid-
Flex PCBs puts very high demands on the 
cutting process. On the one hand, there are 
different thicknesses and material compositions 
to cut in one process, and on the other flexible 
parts can move out of focus during cutting.

Epoxy resins, glass fibres, copper coatings 
and polyimide are all used in PCBs, making a 
complex task for the cutting process.  To be able 
to cut all the materials above in a precise and 
clean manner with excellent edge quality needs 
a special solution.  Conventional mechanical 
methods come with high maintenance and tool 

costs, limited flexibility and carry the risk of 
damage and  contamination of the sensitive 
microelectronics.  On the other hand, laser 
cutting has struggled previously as a result 
of insufficient absorption in some material 
components.  For example, when using 
conventional CO2 lasers, there is almost no 
absorption in copper - and the comparatively 
high thermal input can result in carbonisation 
issues.  

What’s wrong with UV laser sources? 

Currently the majority of production PCB cutting 
is carried out with frequency-tripled UV laser 
sources, having a wavelength of 355 nm, 
which eliminates the above drawbacks of low 

GREEN BEATS UV: NEW SOLUTIONS 

FOR DEPANELING & PCB CUTTING 
CHRISTIAN HAHN ET AL.* 

Figure 1: Semi-flexible Rigid-Flex PCB (courtesy Andus Electronic GmbH)

Figure 2: Global PCB Growth by Type 2013-2017 CAGR (source: TTM Technologies)
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absorption.  All relevant material components 
absorb this shorter wavelength very well, 
sometimes even too well - with extremely high 
absorption in epoxy resin, for example.  The 
use of small spot sizes and relatively long pulse 
lengths, characteristic of most UV laser sources 
applied in this area, means that high pulse 
energies are required in order to be able to cut 
thicker substrates not just the thinner ones. The 
high-energy UV laser radiation puts challenging 
demands on the internal laser components 
and optics which considerably shortens their 
lifetimes.  Industrial 24/7 production therefore 
requires a cost-intensive maintenance plan with 
frequent downtime in the production schedule.

The green alternative

Frequency-doubled, green laser sources with 
532 nm wavelength can achieve similar cutting 
results to the UV wavelength lasers but up until 
now did not provide enough peak pulse power 
for glass fibre cutting.  InnoLas Photonics has 
addressed this gap using the BLIZZ 532–30-
V.  Producing 30 watts average power at 40 
kHz pulse frequency, and having a pulse length 
of 20 ns, this laser source provides 35 kW 
peak power and 750 µJ pulse energy. These 
parameters enable a new, more cost-effective, 
approach to high-speed PCB processing.  A 
typical UV laser used in the same application 
would have a longer pulse duration (typically 
140 ns) and a lower average power and 
operating frequency.

Same speed & quality, but lower costs

In brief, the new green laser source can replace 
virtually all common depaneling and PCB 
cutting UV laser applications with comparable 
quality and speed, but at 50% lower investment 
costs and 90% lower maintenance spend.  
Comprehensive testing at InnoLas Photonics 
application lab and various installations already 
carrying out industrial production have shown 
results to back up this claim.

Of particular interest is the option of replacing 
an existing UV source with the new 532 nm 
product.  The new laser source is more compact 
and it's wavelength is considerably less 
demanding to beam path design and optical 
components.  As a consequence, any legacy UV 
application can easily be replaced with the more 
straightforward and cost-effective green solution.  

Easier laser processing solutions, superior 
results with flexible PCBs

As a result of the high pulse energy and excellent 
beam quality it is possible to use galvo scanning 
optics with long focal lengths to cover a large 
field.  A 420 mm focal length flat field (f-theta) 
lens fitted to a suitable galvo scanner can access 
a working area of 300 x 300 mm without moving 
the workpiece using motorised axes, a benefit in 
throughput and system simplicity. 

Another advantage of using a longer focal 
length f-theta lens is that the depth of focus 
is increased which makes cutting of thicker 
materials easier, and also copes with the fact 
that during cutting a flexible part can move 
slightly out of focus – less of a problem with a 
longer focal length.  This combination means 
that typically zero Z-axis adjustment is needed 
during processing.  Examples of laser cutting 
with the green laser are shown in Figure 3 and 
edge quality and speed information is given in 
Figure 4.

Quite frequently, depaneling applications ask for 
component marking as well.  The green laser 
from InnoLas can easily be used for marking 
by simply using different parameters. Marking 
quality is high enough to produce very small-
scale 2D matrix codes with 0.8 mm edge length, 
something very important where the "real estate“ 
available for coding is limited by the demands of 
function and available space.

Conclusions

The development of versatile laser sources in 
the green wavelength as a direct replacement 
for UV lasers in the application of depaneling 
PCBs offers advantages in reduced capital cost 
and running cost, with greater uptime owing to 
the reductions in maintenance interventions.  As 
well as depaneling, these lasers can be used for 
marking and drilling, with the increase in average 
power and pulse frequency ensuring that the 
throughput and capability is a close match for 
the UV lasers they are aiming to displace.

* Christian Hahn, Martin Paster, Stephan 
Geiger (InnoLas Photonics)

Contact: Christian Hahn

Christian.Hahn@innolas.com 
www.innolas-photonics.com

LASER CUTTING

Christian Hahn is VP Engineering at InnoLas Photonics 
GmbH, Munich, Germany.  He has worked in DPSS 
laser development for 15 years and joined InnoLas in 
2008.
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•  dPCB=0.85mm	  	  
→	  cu/ng	  speed=20.8mm/s	  

•  dPCB=1.7mm	  	  
→	  cu/ng	  speed=3.7mm/s	  

•  dPCB=1.5mm	  	  
→	  cu/ng	  speed=4.2mm/s	  

Figure 3: PCB Depaneling with 532 nm laser from InnoLas Photonics

Figure 4: Edge quality and cutting speed using the BLIZZ 532-30-V laser from InnoLas Photonics
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HIGH POWER LASERS

Fibre lasers have become an 
indispensable tool for laser material 
processing industries. Most view 
fibre laser material processing as 
a mature technology, delivering 
a well understood productivity 
enhancement that is readily extending 
to new applications, in a range of 
markets. Recently, a highly valuable 
innovation was commercialised with 
the deployment of multiple high 
power laser beams converging on 
a single material process. Each of 
the independently powered beams is 
positioned to improve a distinct aspect 
of processing.

Here, we highlight two examples; tri-focal 
brazing and two-step high strength steel 
preparation. The tri-focal brazing process 
features three fibre-delivered beams in a single 
cable to join automotive materials with high 
strength and superior finish. We then examine 
the benefits of a two-step welding process for 
high strength steel, where a laser cleaning step 
enables laser welds of outstanding strength and 
integrity. These examples highlight the distinct 
benefits of multiple laser beam processes with 
optimised beam diameter, brightness and pulse 
duration; combined to produce previously 
unobtainable and highly valued outcomes.

Tri-focal brazing 

The automobile industry relies on the unique 
ability of lasers to provide high joint strength 
with minimum material usage, at the same time 
promoting safety and fuel economy. While laser 
welding is entrenched within the automobile 
industry, a more cosmetic process is preferred 

in visible joints along the roofline and car sides. 
In contrast to welding, brazing is a technique 
that does not melt the surfaces to be joined. 
Rather, for automotive applications, laser energy 
melts a wire to form a cohesive joint between 
two steel or aluminium surfaces. Automakers 
desire a brazing process which requires just a 
light brushing prior to the application of paint to 
realise a truly seamless joint.

Brazing studies on electro-galvanised low-carbon 
steel link joint quality and aesthetics to edge 
variability. In particular, oxides and contaminants 
residing on the thin Zn anti-scaling layer are the 
main causes of spatter and edge roughness. 
This knowledge inspired the development of a 
novel 3-beam brazing system in which two lead 
beams travel along the steel edges to ablate 
contaminants and pre-heat the Zn surface layer 
to promote wetting. The powerful trailing beam 
supplies energy to melt the Cu/Si feed wire 

and so seamlessly join the newly cleaned steel 
surfaces as shown in Figure 1.

The tri-focal brazing system relies on the 
flexibility of fibre technology as illustrated in 
Figure 2. Independent fibre laser beams are 
delivered to the workpiece by three defined 
optical fibres that are combined in a single cable. 
Near the workpiece, the optical head creates 
the 3-beam profile. The narrow lead beams are 
bright enough to ablate unwanted materials 
immediately prior to the trailing beam completing 
the join with a spatter-free brazed seam. 

To directly assess the benefits of tri-focal 
brazing, a near infrared fibre laser was used to 
join a series of 0.8 mm hot-dipped steel samples 
using 1.6 mm CuSi3 alloy wire with a 3.5 kW 
infrared brazing beam at a process rate of 
4.5 meters per minute. When the 350 Watt lead 
beams are added to pre-clean the steel edges 

IMPROVING MATERIALS PROCESSING 

WITH STATIC BEAM FORMING 
MARK THOMPSON ET AL.*

Figure 1: Schematic of trifocal brazing. Two lead beams (red) clean and pre-heat the steel edge 
surfaces to promote wetting. The powerful trailing beam (purple) melts the Cu/Si wire to form a 
seamless brazed joint which, after painting, can be invisible to the naked eye.

Figure 2: Three fibre core tri-focal brazing optics. Specially engineered optics enable different diameter fibres to pass through a single process 
fibre to deliver spatially offset spots of different size to the brazing area.
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prior to melting the Cu/Si wire, greater edge 
uniformity and a better surface finish are clearly 
observable (Figure 3).

The tri-focal brazing process greatly reduces 
post-processing requirements before painting. 
The brazing can be fully automated at high 
speed with outstanding joint strength and 
excellent reproducibility along straight and 
curved borders. Automakers are increasingly 
adopting tri-focal brazing as their preferred 
solution for cosmetic steel and aluminium joints 
to promote both productivity and aesthetics.

Two-step laser welding of high strength 
steel

Automobile manufacturers relentlessly seek 
materials and joining methods which enable the 
production of safer and more efficient vehicles. 
High strength steels (HSS) bolstered by the 
element boron have moved to the forefront of 
automotive innovation, offering strength levels 
so great that the “Jaws of Life” auto rescue 
tool had to be re-specified in North America. 
Higher strength presents the opportunity to 
use less material for reduced vehicle weight, 
assuming joining technology can keep pace. 
Laser welding is fast becoming the automakers’ 
preferred method for joining HSS. Early efforts 
were hampered by the AlSi protective coatings 
added to avoid scaling during the hot stamping 
process. Brittle Fe-Al inter-metallic layers may 
result when AlSi-coated HSS is laser welded. 

Outstanding HSS weld quality is achievable 
when the anti-scaling coating on either side of 
the weld region is removed by laser ablation, 
enabling a weld between identical, clean steel 
surfaces free of Fe-Al inter-metallics. Figure 
4 illustrates a clean steel surface prepared 
by laser ablation on which the AlSi coating is 
fully removed by a 1 kW, 70 ns near infrared 
pulsed fibre laser. The ablation laser provides 
up to 100 mJ pulse energy (7-10 J/cm2 fluence 
over a 1 mm2 spot) delivered through a novel 
square process fibre to perform a precise and 
economical 10m/min ablation of a 30 µm AlSi 
coating. Subsequent high speed welding using 

a multi-kW continuous wave (CW) near infrared 
fibre laser completes the joining process allowing 
strong, but lightweight tailor-welded blanks to be 
supplied to the auto industry.

In contrast to tri-focal brazing, which employs 
continuously powered (CW) laser beams of 
different diameters, two-step welding of HSS is 
optimised by first applying a high energy pulsed 
nanosecond ablation laser followed by a high 
power CW welding laser. 

Conclusions
To summarise, where one laser beam is 
beneficial, multiple laser beams working in 
harmony are often better. A single delivery fibre 
cable will provide multiple laser spots, each at an 
optimum brightness and with independent pulse 
length; so realising a superior process result that 
is unobtainable with any beam delivery process 

from a single laser source. Multiple laser beam 
processing is already undergoing rapid adoption 
in the automotive industry. Is this the beginning 
of a powerful new trend for the broader industry?

* Mark Thompson (Director of Sales 
& Service, UK and Ireland), Andreas 
Gusenko (Product Engineer specialising 
in Automotive Applications, Burbach, 
Germany), Michael Grupp (Applications 
Manager, Burbach, Germany), Toby Strite 
(Director of Western US Sales, Marketing 
and Applications, Santa Clara, Tony Hoult 
(Applications Manager, Santa Clara, CA).

Contact: Mark Thompson
mthompson@ipgphotonics.com 
www.ipgphotonics.com 

Figure 3: Comparison of single-spot and tri-focal seam brazing. Single spot (a) and trifocal (b) brazed seams joining steel with Cu/Si wire. An 
improved finish and suppression of edge roughness is evident in the tri-focal brazing example. A cross-section (c) highlights the joint uniformity 
and quality obtainable with tri-focal brazing.

Figure 4: Laser ablation of AlSi coating for high-strength steel welding. 
High pulse energy fibre laser technology delivered through a novel square 
fibre efficiently ablates the AlSi coating to expose the native steel surface 
for enhanced weld quality.

Mark Thompson is Director of Sales and Service for IPG 
Photonics UK Ltd 
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Functionally graded components will 
be vital for next generation aerospace 
parts, where the ability to tailor 
material properties within the volume 
of a part for specific function provides 
great advantages over conventionally 
manufactured components. This will 
require engineers to include many 
materials in a single component.

These functionally graded components 
cannot be manufactured through conventional 
manufacturing techniques. Additive 
Manufacturing (AM) technologies such as the 
Direct Metal Deposition (DMD) process allow 
these capabilities and design freedoms to be 
incorporated into a component due to the layer-
by-layer build up. By varying feedstock and 
processing parameters during manufacture, 
DMD has the potential to grade materials 
both compositionally and microstructurally for 
optimised properties. 

Titanium aluminides present an exciting material 
development with the capability for use in high-
temperature environments. Attempts to make 
use of them in aero engine manufacture have 
stumbled due to the difficulties associated 
in processing these. They offer a unique 
combination of low density, good oxidation and 
ignition resistance, and excellent mechanical 
properties at high temperature. With a density of 
~3.9 g/cm2, titanium aluminides are a potential 
candidate for a lightweight alternative to nickel-
based superalloys (density ~9 g/cm2) currently 
used for these applications. However, they are 
notoriously difficult to process resulting in very 
high manufacturing costs, in some cases up 
to 65 times the cost of nickel superalloys [1]. 
Therefore, AM, is well suited for manufacturing 
components from this family of materials. This 
study investigated using the DMD process to 
produce titanium aluminides through in-situ 
reactions to assess alternatives to pre-alloyed 
material feedstocks. Investigated in this study 
are: the ‘satellite’ process; a combined wire and 
single powder feed process; and a combined 
wire and loose mixed powder feed. 

The satellite powder process [WO 2015036802 
A3] is used to produce an intermetallic matrix 
composite comprising of titanium aluminide 
matrix with Al2O3 particulate reinforcement. 
The process involves coating a larger parent 
particle with smaller satellite particles, a process 
that is reversible for re-use and recycling of 
the constituent powders. This enhances the 
economic case for this process. Here, TiO2 

satellites are adhered to a larger Al parent as 
shown in Figure 1. Satelliting has the capability 
to increase the homogeneity and repeatability 
of in-situ synthesis, whilst also providing cost 
benefits over using pre-alloyed powders as 
they can be simply produced with low cost 
apparatus. A key note here is the use of a 
titanium precursor, TiO2, and the use of the 
laser radiation to initiate a reduction reaction 
to transform this initially into metallic Ti and 
then intermetallic TiAl. Further, with use of the 
satelliting technique, a simplified apparatus 
consisting of a single powder feed nozzle is 
sufficient to deposit material. Typically, one 
nozzle per feedstock powder would be required. 
Concentration of satellites on parent particles 
can be highly varied as shown, this has since 
been improved with an automated satelliting 
mechanism.

Simultaneous wire and powder processing was 
used to produce titanium aluminides with varying 
microstructure and composition for functional 
grading. Ti wire and Al powder were combined 
to produce Ti-50Al. Further investigation included 
micro-alloying elements loose mixed with Al 
powder to produce more advanced titanium 
aluminides, particularly the Ti-48Al-2Cr-2Nb 

alloy. This commercially used titanium aluminide 
has only previously been produced using pre-
alloyed powder feedstocks. These compositions 
for the simultaneous wire and powder delivery 
were designed to form the two-phase α2+γ 
microstructure, identified as producing optimum 
mechanical properties for this system. The aim 
was to demonstrate the capabilities of in-situ 
formation for production of these more complex 
titanium aluminides and show that metallurgy 
consistent with the state-of-the-art can be 
produced in this manner. 

The configuration shown in Figure 2 was the 
same for all experimentation, however the wire 
feeder was not used for the satellite powder 
process. Deposition of the feedstock was 
performed using a 2 kW Ytterbium-doped, 
continuous-wave IPG Photonics fibre laser 
with a wavelength of 1.07 μm. The process 
was contained within a chamber, purged and 
continuously flushed with argon gas to ensure 
an environment of <10 ppm oxygen to minimise 
oxidation.

In the satellited feedstock samples, it was found 
that due to the rapid and highly exothermic 
reaction between the constituent powders, the 
deposited tracks had a high surface roughness. 
This was a result of un-melted and partially-
melted, fused particles, particularly at the 
periphery of the track. Large pores were present 
in most tracks, likely caused by the release 
of oxygen in a gaseous state during reaction 
synthesis. At lower laser power or when the 
powder feed rate was too high, discontinuous 
deposition (balling) occurred. Good bonding 
to the substrate was achieved within the 
parameters studied, however excess dilution 
occurred if the supplied energy density was 
too high, as shown in Figure 3. Excess dilution 
can cause unwanted changes in the chemical 
composition and increases the probability of the 
formation of undesirable phases, especially at 
the substrate-deposit interface.

IN-SITU SYNTHESIS OF TITANIUM 

ALUMINIDES 
ALEXANDER GASPER ET AL*

Figure 1: Al parent particles satellited with 
fine TiO2 particles with varied concentrations

ADDITIVE MANUFACTURING

Figure 2: Schematic of DMD process set up

Figure 3: Satellited powder track. Excess 
substrate dilution and asymmetric track 
bonding caused by high laser power density 
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The reaction synthesis technique demonstrated 
that deposition of Ti-Al intermetallic tracks, 
1 mm in height, can be achieved at a laser 
energy density of 79.5, 106 and 132 J/mm2. 
This is in comparison with 160-285 J/mm2 
and 76 J/mm2 for 0.2-0.3 mm layers required 
by Carcel et al. [2] and Qu and Wang [3] 
respectively, without exothermic reaction. Hence, 
the potential energy savings afforded by the use 
of reaction synthesis and TiO2 as a feedstock 
powder are highlighted.

In all cases, the largest microstructural volume 
fraction consisted of either dense equiaxed 
grains of TiAl3 with Al2O3 spherical precipitates 
or early-stage dendritic TiAl3 grains within a 
high-purity Al matrix as shown in Figure 4(a) and 
(b) respectively. Residual TiO2 particles were 
observed along the Al-rich grain boundary of the 
dense TiAl3 microstructure, unreacted due to 
the high oxygen affinity of both Ti and Al. Whilst 
there were issues with some tracks having large 
regions of pure Al2O3 and some unmelted TiO2 
particles, an alumina reinforced metal-matrix 
composite was produced and gives justification 
for further investigation into use of this in-situ 
synthesis method. 

The combined wire and powder deposition 
processes produced fully dense titanium 
aluminide tracks with good bonding to the 
substrate for all parameter sets studied. It was 
noted that cracking occurred along the track 
perpendicular to the traverse direction. As the 
powder feed rate increased, the tracks had more 
variation in their width than along their length. 
The tracks produced were more consistent 
and had a smoother surface finish than those 
produced through the satellited powder 
experiments.

The aim was to produce a Ti-50Al composition 
track by combining the Ti wire and Al powder, 

before including micro-alloying additions. This 
was approximated with a 3.2 g/min powder feed 
rate and the resulting track cross section can be 
seen in Figure 5. There was an issue with a lack 
of full mixing and/or melting of the Ti wire at the 
base of the track; all areas except for the centre 
of the track formed a consistent composition 
and the desired microstructure. Some solutions 
to this may be to reduce the overall quantity of 
material being input in the synthesis or a slower 
traverse speed to allow longer mixing while 
molten. However, it is anticipated that when 
producing multilayer tracks and components 
this issue will be avoided due to the continuous 
remelting of the previous layer, leading to a more 
homogenous bulk deposit.

EDS and SEM interrogation of the tracks 
identified the desired two-phase α2+γ 
microstructure as seen in Figure 6. Concentrated 
Ti regions occur where the Ti wire has not 
fully mixed within the track. Further, a dual 
phase microstructure of the darker γ-TiAl and 
lighter α2-Ti3Al can be seen in columnar and 
dendritic grains, changing to a more equiaxed 
microstructure at the periphery of the tracks. 
This microstructure follows the heat flux as the 
molten track cools.

With the addition of the Cr and Nb microalloying 
elements into the Al powder, the main concern 
was achieving the correct composition and 

ensuring a homogeneous distribution of these 
elements. Using a 4.0 g/min powder feed 
rate and 1500 W laser power produced a 
composition of Ti-48.57Al-1.55Cr-1.90Nb, 
consistent with the desired Ti-48Al-2Cr-2Nb. 
Within this track the composition of Cr and Nb 
ranged from 1.34-2.46%. It was also observed 
that some particles were left unmelted, a high 
proportion of which were located at the surface 
of the track. EDX confirmed that these were 
unmelted Nb particles from the loose powder 
mix, likely due to Nb having a much higher 
melting point of 2469 °C. 

Conclusions

• All three feedstock techniques successfully 
produce titanium aluminides in-situ through 
laser deposition, with varying success 
in quality of track deposit appearance, 
composition, and microstructure. All are 
viable when subject to optimisation and 
potentially compatible with the production of 
next generation aerospace components.

• Intermetallic matrix composites consisting 
of a TiAl3 matrix interspersed with Al2O3 
particulates have been produced at much 
lower energy densities than through 
processing of pre-alloyed feedstocks, 
demonstrating the capabilities of in-situ 
processing.

• The production of the α2+γ two phase 
microstructure from simultaneous wire and 
powder techniques with a similar grain 
structure to those produced from pre-alloyed 
feedstocks is very promising. 

• Based upon quotes from material suppliers 
the use of constituent Ti, Al, Cr, and Nb 
powders as in this study can result in a 
40% material cost reduction compared to 
using pre-alloyed Ti-48Al-2Cr-2Nb. Further 
costs are saved due to the ability to create 
alloy variations, recoverability of constituent 
powders and the elimination of the energy 
intensive pre-alloying process step. 

• The variety of microstructures and 
compositions produced provide a proof of 
concept for achieving functionally graded 
titanium aluminide parts using this technique.
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Figure 5: BSE micrographs of combined wire 
and powder tracks

ADDITIVE MANUFACTURING

Figure 4: Two distinct microstructures formed from satellite powder

Figure 6: BSE micrographs of α2+γ two-
phase microstructures produced from 
combined wire and powder deposition
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VISION SYSTEMS

Conventional systems for laser 
material processing require a large 
number of individual components and 
involve high integration cost in terms 
of mechanics and control software. 
Depending on the application, a system 
has to inspect the characteristics of 
each part even before laser processing 
begins. Following the laser process, 
an additional unit then inspects the 
quality.

The positioning of the parts in the laser system 
determines its accuracy to a large degree. 
Unfortunately, this positioning is extremely 
complicated from a mechanical point of view, as 
well as costly. If various types of parts are to be 
processed in a laser system, it will need to be 
integrated into production control at a deep level. 

Modern machine vision – universal, 
accurate and reliable

RAYLASE has developed Machine Vision 
Control (MVC), which enhances conventional 
laser deflection units with the functions that are 
made possible by modern machine vision. Laser 
systems based on MVC can optically inspect 
parts, identify the type of each part, and allow 
parts to be placed in virtually any position in 
the laser field. This increases precision, speed 
and integration capabilities, while significantly 
reducing the costs associated with laser 
systems. 

In recent years, machine vision has established 
itself as an enabling technology in industrial 
manufacturing. High-precision quality inspection, 
contact-free measurement and process control 
based on optical image analysis make this 
technology ground-breaking in the area of 
manufacturing automation. The most frequently 
cited benefits are increased safety, traceability, 
the saving of materials and improved quality 
combined with greater resource efficiency and 
productivity.

In the laser process, optical measuring 
technology in conjunction with industrial cameras 
and software algorithms enable positioning 
and rotation of the laser relative to the part 
with micrometre precision. As a result, only 
a simple mechanism is required to place the 
parts in the laser field. The machine vision 
unit also offers native optical inspection of the 
quality of the parts. Geometric dimensions, 
colour, texture, surface characteristics and 

overall appearance can be inspected in a 
direct variance analysis. MVC, combining laser 
technology with machine vision, is paving 
the way towards Industry 4.0, the basis for 
highly flexible manufacturing systems that can 
be configured entirely by software and can 
be operated more efficiently in terms of both 
time and costs while also ensuring improved 
production quality.

The camera, which is either integrated into the 
laser deflection unit or mounted on it, identifies 
the type, position and orientation of the part, 
using object dimensions and markers or 2D data 
codes or lettering on the part. These characters 
are taught-in beforehand using the intuitive 
recognition tools of RAYLASE’s weldMARK® 
Vision Software user interface.

The control software then selects the appropriate 
laser program for the part type identified. In 
this respect, the system therefore does not rely 
on integration with system control. Software 
algorithms adapt the laser process to the 
part’s system of coordinates. With two mirrors 
controlled by galvanometers, the scanning head 
can direct the laser beam to any point on the 
part within its field  of work. 

Once the process is completed, the software 
verifies that it has been successfully executed 
and documents the result. The MVC software 
offers a wide range of optical analysis options, 
while Click&Teach simplifies and accelerates the 
creation of a laser job to suit each new type of 
part.

The eye of the laser

In the on-axis version of MVC, the camera is 
coupled into the optical path of the laser beam 
(see Figure 1). This means that the laser and 
camera use the same scanning head mirrors to 
“look” at the object, as well as the same F-theta 
lens. As a result, this setup offers inherent 
compensation for temperature-dependent drift 
in the deflection unit, which causes deviations 
between the actual laser position and the 
position that is read. The on-axis technique 
enables particularly small working distances with 
the shortest focal lengths of less than 50 mm, 
while offering the highest levels of precision to 
less than 10 µm.

The benefits offered by machine vision in terms 
of laser processes can also be exploited in 
“off-axis” applications, whereby one or more 
cameras (but usually not more than four) are 
installed outside of the deflection unit (see Figure 
2). This technology has benefits to offer, in 
particular in the case of “on-the-fly” applications, 
were the workpiece is constantly moving 
throughout processing or where large parts of 
the workpiece need to be captured quickly.

Industrial applications of machine vision 
control

The integration of machine vision and laser 
systems increases efficiency and cost 
effectiveness in many manufacturing processes 
across a wide range of industries. Applications 
such as perforation in the packaging industry, 
laser cutting in the textile industry, laser welding 
and deep engraving in the automotive industry, 

LASER + CAMERA = INNOVATION
WOLFGANG LEHMANN 

Figure 1: Schematic structure of on-axis 
machine vision control

Figure 2: Schematic structure of off-axis 
machine vision control

Laser beam path

Camera optical path
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and ITO patterning in the electronics sector all 
benefit from the high degree of precision offered 
by contact-free laser processing.

In the microchip industry, sensitive wafer plates 
are laser-etched along their crystal planes. Every 
single wafer has to be analysed prior to the 
laser process. If the inspection is successful, 
the MVC adjusts the laser process to the exact 
position of the wafer and the orientation of the 
silicon crystal planes, with tolerances of just 
a few micrometers. The detection of position 
and orientation, as well as the subsequent 
quality assurance via MVC eliminate the costs 
associated with high-precision mechanical 
wafer positioning. This not only simplifies 
the mechanical construction process but 
also protects the very sensitive wafers from 
mechanical damage by positioning equipment 
(see Figure 3).

In the manufacturing of solar cells, the energy-
absorbing photo-voltaic panels are put together 
from the sensitive crystalline wafer plates. The 
optimal design requires, above all, that the 
wafers be welded together with precision (see 
Figure 4). Before laser processing begins, MVC 
uses machine vision technology to detect the 
position of the plates that are to be welded 
together, and reliably adjusts the starting 
coordinates and orientation of the laser job.

Conductivity is also an important criterion in the 
automotive industry with its innovative eMobility 

concepts. For a wide range of modern electric 
cars, the cell packs of lithium batteries are 
welded together using cell binders to maximise 
the energy output of the series-connected cells. 
One challenge that presents itself here is that 
the laser welding systems have to deal with 
many different types of battery. With RAYLASE 
Machine Vision Control, the Click&Teach function 
allows the process engineer to quickly and easily 
prepare the laser welding system for new battery 
types.

Also in automotive manufacturing, laser welding 
technology has been used for some time now 
to insert the glass panel on dashboards. MVC 
image analysis is also used in this case to ensure 
high-precision positioning of the weldseams 
based on the characteristics of the dashboard 
housing (Figure 5).

Using machine vision technology allows laser 
tasks to be executed with the highest degree 
of precision in extremely challenging industry 

applications. In medical technology, for example, 
MVC can be applied in the manufacturing of 
blood glucose test strips. On these strips, wafer-
thin capillary channels carry the patient’s blood 
to the measuring sensor (see Figure 6). For this 
application, laser systems must cut the test 
strips out of PET plastic “sandwiches” along 
printed contour lines with an accuracy of below 
50 µm. Machine Vision Control detects the 
characteristic properties of the sandwiches, and 
automatically positions the laser job for an exact 
cutting process without destroying the wafer-thin 
capillaries.

Summary

The MVC system from RAYLASE offers a 
combination of machine vision and laser 
technology in the form of an all-in-one 
solution that simplifies process steps while 
simultaneously reducing integration costs and 
increasing precision. 

To ensure easy implementation, a detailed 
analysis of the application conditions must be 
carried out by experts in advance. The individual 
system configuration, comprising lasers, 
cameras, lenses, lighting and the choice of the 
best deflection system are subject to precise 
specifications and require substantial experience 
with laser and machine vision systems. 

The interplay of the individual components 
produces optimal results, and the highly 
configurable MVC can be easily integrated into a 
larger network of systems. 
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Figure 3: Costly high-precision holders for wafers become redundant with MVC

Figure 4: Individual solar panels must be 
welded together with precision

Figure 5: The glass covers of dashboards 
need to be welded with precision (position of 
the weldseam shown in red)

Figure 6:  The delicate capillary channels 
of the blood glucose test strip serve to 
transport the blood to the sensor
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For laser material processing in 
general, and particularly laser 
micromachining, achieving maximum 
throughput with high precision is 
essential to compete with established 
techniques such as mechanical 
milling or drilling, chemical etching 
or electrical discharge machining. 
Currently, there are a number of 
industrial lasers available that provide 
pulse repetition rates in the megahertz 
(MHz) range – nanosecond fibre and 
DPSS lasers along with the latest 
class of picosecond and femtosecond 
ultrafast lasers operating at pulse rates 
of up to 8 MHz. 

Unfortunately, with lasers operating 
close to, or in excess of, one million 
pulses per second, traditional beam 
delivery techniques such as a fixed 
beam with linear stages moving the 
substrate or 2D-galvanometer beam 
scanning do not have the velocity 
to match these pulse rates and the 
requested precision. Innovative optical 
technologies like polygon scanning 
and dynamic 5-axis laser beam 
deflection allow more efficient and 
more precise micromachining due 
to new and optimised overall system 
solutions.

These holistic solutions and their robust design, 
with optimal interworking of optics, mechanics, 
thermal concepts and especially the control 
of laser beam deflection, offer easy-to-use 
technologies for industrial applications even 
in serial production. For large scan fields and 
highest throughput the polygon technology 
achieves amazing results. For machining of high 
aspect ratios (small width at high depth) galvo-
based 5-axis micromachining allows dynamic 
and precise generation of desired shapes, for 
example negative or zero tapered cross sections 
of elliptical shaped bore holes.

In this article a new polygon optical scanning 
system from Next Scan Technology is presented 
that has proven to operate with all major high 
pulse rate laser types, along with a highly 
integrated 5-axis micromachining sub system, 
named precSYS, from SCANLAB. This is ideally 
suited for dynamic micromachining of high 
aspect ratios with defined precision.

Highest speeds with polygon scanning 

A rotating polygon mirror spins at a constant 
speed and writes one line at a time (raster 
scanning) of a bitmap image, while the substrate 
is moving underneath the beam. In contrast, 
two galvanometer axis as commonly found in 
laser marking systems use two servo controlled 
mirrors that turn back and forth and can be used 
in both raster and vector scanning (see Figure 
1 left).

Whereas laser scan heads use lenses to focus 
the beam, the system described here uses 
exclusively reflective optics. The laser beam is 
reflected off one of the flat faces of the rotating 
polygon onto the primary mirror, which in turn 
reflects the beam onto the secondary mirror 

that delivers the beam to the substrate (Figure 1 
right). Depending on the timing of the laser pulse 
in relation to the polygon mirror position, the 
beam can hit the primary mirror anywhere across 
its face, which determines where along the scan 
line the laser exposure occurs on the substrate.

The primary and secondary mirrors are non-
spherical in design providing diffraction limited 
performance (see Figure 2). For practical 
purposes, this optical design permits very small 
focal spot sizes (down to 5 µm), maintains 
beam roundness and is fully ‘telecentric’ 
where it preserves a perpendicular beam 
across the entire scan area. Much like the 
largest telescopes, the non-spherical mirrors 
are economically scalable compared to glass 
refractive optics. It is possible to have a 300 mm 
field of view in the scan direction for large 
substrates such as a 12 inch semiconductor 
wafer or web-based processing while still 
maintaining spot size and beam quality.

One of the advantages of polygon scanners 
is that they are extremely stable. When simply 
gating the laser where the laser uses its 
internal clock frequency, there will always be an 
uncertainty or timing jitter when the laser pulse 
is on, in relation to the angle of incidence onto 
the mirror face. This can result in a one spot 
radius displacement on target from scan to 
scan. In applications such as percussion drilling 
or precision cutting, where many tens if not 
hundreds of overlapping pulses are required to 
pierce or mill the material, precise repeatable 
spot placement is necessary. Here, a ‘Master 

ADVANCED SCANNING

ADVANCED SCANNING SOLUTIONS

FOR MICROMACHINING 
LARS PENNING ET AL*

Figure 1: Galvanometer and polygon scanning techniques

Figure 2: Polygon scanner optical schematic 
using non-spherical focusing mirrors
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Controller’ reads the encoder to determine the 
polygon facet location and synchronises the 
firing of the laser on a pulse by pulse basis

Not all applications are suitable for polygon 
scanning. In fact, the vast majority are not. As 
such, they are considered in the industry as a 
complimentary technology to a 2- or 3- axis 
galvo-based or a fixed beam approach where 
they are typically limited to 10 m/s. Polygon 
scanning provides speeds of up to 100 m/s or 
more at high accuracy. Polygon scanning is a 
bitmap or raster scanning option only. 

Typical applications for polygon scanners

Although operating in a niche market, polygon 
scanning is enabling lasers to address large 
markets in targeted applications. In general, 
these markets and applications require extremely 
high throughput, utilising the high pulse rates 
of the lasers, high accuracy and repeatability 
whether over small areas such as 50 mm or 
large areas in excess of 1 metre.

2.5D Surface shaping

There is a great deal of interest in using lasers 
to modify the surface of a material to change its 
inherent characteristics (Figure 3), requiring high 
density laser pulses to be delivered over large 
areas, e.g. to make a surface hydrophobic on 
headlights and windshields of automobiles where 
water sheds off easily. Also, in making high 
precision tooling for security printing polygon 
scanners play a role.

Thin film patterning

An ideal application for MHz lasers is patterning 
the transparent conducting oxide (TCO) on 
the glass of smart phones, with over 800 
million units sold last year. In addition, larger 
format glass in tablets, computer monitors and 
televisions are increasingly offered with touch 
screen capability. Pulse energies of only a few 
micro-Joules are sufficient, but high write speed 
is vital to compete with the standard process of 
using chemical etching.

Polygon percussion hole drilling

With advanced controls on speed and pulse 
timing, polygon scanning can be applied in 
percussion hole drilling. The scan rate, ranging 
from 200 up to 400 lines per second, delivers 
a percussion drilling-like process by multipass 

operation. With its high spot repeatability 
thousands of holes per second can be applied 
challenging legacy processes such as Through 
Silicon Vias and high density hole patterns for 
filter applications (Figure 4). 

Scribing, grooving and dicing

High precision laser scanning used for high end 
markings or cutting of brittle materials often 
requires high pulse overlaps and multiple passes. 
However, even when using ultrashort pulsed 
lasers such as pico- and femtoseconds the 
processed material might receive a damaged 
surface caused by localised heating. Managing 
this inter-pulse temperature effect can be solved 
through an interleave scan strategy. 

precSYS: 5-axis scanning sub system 

Drilling straight walls with high aspect ratios is 
not feasible if the laser beam impacts specimens 
at a normal perpendicular incidence angle. 
The beam caustic affects hole corners and 
limits the maximum aspect ratio – that is why 
5-axis solutions and process strategies like 
trepanning or spiral drilling with superimposed 
non perpendicular attack angle of the laser 
beam (called precession drilling) are needed. A 
novel 5-axis technology allows beam inclination 
and enables straight walls, as well as negatively 
tapered holes. 

The simplified principle of operation is achieved 
via five galvanometer axes that results in a beam 
inclination and/or a lateral shift of the beam and/
or a shift of the focus position in the z-direction 
within a range of ±1.0 mm after the focal lens 
(in the working area). The angle of incidence 
(maximum AOI ±7.5°) can be adjusted within a 
2.5 mm image field for precession processing 
(Figure 5). The superimposed movements of all 
five axes (x, y, z, α, β) are factory calibrated at 
SCANLAB and can be easily programmed in 
the precSYS’ own DrillControl software directly 
in metric units within precSYS' Cartesian image 
field coordinate system, which enhances ease of 
use and repeatability. 

Pre-calibration allows defined and precise 
machining in the whole image field, so it is 
possible to drill even lateral shifted holes (out 

ADVANCED SCANNING

Figure 4: High density hole pattern by 
SuperSync Technology

Figure 3: Topography of Switzerland (process 
development and processing by Bern 
University of Applied Sciences)

Figure 5: precSYS System design for flexible 5-axis laser processing in the µm range

400 mm
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of the optical axis) arranged in an array without 
moving the workpiece (no xy stage is needed). 

High-end scan technology with small mirror 
deviations and low moving masses ensures 
highly dynamic processing, with precession 
frequencies up to 500 Hz (30,000 rpm). precSYS 
is specifically conceived for USP laser precision 
processing (typically 300 fs – 10 ps / typical 
laser pulse energy 250 µJ). The system allows 
highly dynamic and contour-true processing 
with maximum accuracy. It is constructed to be 
robust and thermally stable. 

The software facilitates management of one 
or several systems for serial production. The 
standardised interface for XML data exchange 
allows straightforward remote connectivity 
to PLCs, and thus integration into modern 
automated manufacturing environments. Hence, 
it is fully open to all requirements of factory 
automation and modern IoT (Internet of Things) 
architectures. 

5-axis micromachining results

precSYS achieves impressive 3D processing 
results, with sharp, burr-free and molten-free 
bore hole entrances and exits. Figure 6 (left) 
shows an array of 200-µm-bore holes in steel 
machined in the image field without moving 
the workpiece. Figure 6 (middle) shows a zero 
tapered cross section of a 100-µm bore hole in 
200-µm steel. This bore hole has been machined 
with an angle of incidence AOI < 0° (process 
time 1s). Figure 6 (right) shows a result of a zero 
tapered square hole array with squares edge 
length of 50 µm x 50 µm in a 500 µm thick 
ceramic workpiece. A reproducible and accurate 
geometry has been machined without destroying 
previous shape and remaining wall thickness of 
10 µm in between of the square holes. Also this 

array has been machined without an xy-stage. 
The measured deviation is about 1 µm. Process 
time per square was less than 15 seconds.

Outlook

To allow the applications of ultrafast laser 
sources to develop, solutions which combine 
throughput and precision are most critically 
important. A lack of suitably fast and accurate 
scanning heads has limited the deployment of 
ultrafast lasers to date in large scale production 
systems.

Using proven engineering concepts of 5-axis 
galvo-based technology, or polygon scanning 
systems together with novel all-mirror focusing 
optics and high speed synchronisation, the 
solutions described here may unlock the 
potential for both already-existing sources 
and new ultrafast pulsed lasers in a range of 
innovative applications. 

* Lars Penning, Holger Schlüter, Patricia 
Hammers-Weber (Next Scan Technology 
and SCANLAB GmbH)
 
Contact: Lars Penning
lars@nextscantechnology.com 
www.nextscantechnology.com

Figure 6 left: array of bore holes machined in the precSYS’s image field without xy-stage, 
middle: cross section of a zero tapered 100-µm bore hole, right: square hole array with aspect 
ratio 10 (Image, process development and processing by Posalux SA)

Lars Penning is Co-founder and Managing Director 
of Next Scan Technology, associated company of 
SCANLAB GmbH. His background is in high end factory 
automation.
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HIGH POWER MICROPROCESSING 
USING INNOVATIVE OPTICAL 
DEVICES
Arnold Gillner

This is a very timely article which deals with 
current approaches at ILT Fraunhofer to 
speeding fabrication using high average power 
ultrafast lasers with ps/fs temporal pulse lengths. 
Detrimental thermal effects can be minimised 
with ultrashort pulses provided fluence is 
limited to a few times ablation threshold while 
combined with low pulse overlap leading to 
precision laser machining of solar cells, batteries, 
injection mould tools and electronic components. 
However, current systems typically use only 
1-10 W average power. Various approaches to 
increasing throughput with high average powers 
are discussed and demonstrated.

Firstly, high rep rate, multi-MHz systems are 
combined with ultrafast beam scanning at 
speeds >100 m/s using a rotating polygon 
mirror.  This also requires challenging laser beam 
modulation at several MHz synchronised to the 
laser cycle and position on the workpiece. Thus, 
every pulse can be used with low pulse overlap 
for melt free ablation and high speed, micro-

structuring of metals at 1064 nm, with 10 ps 
pulses is clearly demonstrated.

Secondly, lower repetition rate, high energy 
systems are combined with a static diffractive 
optic element (DOE) and galvo scanner for 
parallel beam micro-structuring at required 
fluence per beam. The splitting of a laser 
beam into 196 beamlets was successfully 
demonstrated in an optical set up and integrated 
into a laser processing machine. Multi-
beam drilling of filter foils and thin film ITO is 
demonstrated nicely.  

Finally, a liquid crystal Spatial Light Modulator 
(SLM) dynamically addressed with appropriate 
phase masks can produce a Programmable 
DOE (∼50Hz bandwidth) used for dynamic, 
parallel beam and beam shaping applications. 
Average powers approaching 100W combined 
with high peak powers can now be handled, 
making this approach attractive for the future. I 
agree whole heartedly that the long-term goal of 
using multi-hundred-watt ultrafast lasers for large 
area micro structuring is not far off, making these 
approaches economically viable.

Walter Perrie, University of Liverpool

GREEN BEATS UV: NEW CUTTING 

SOLUTIONS FOR DEPANELING & 

PCB CUTTING
Christian Hahn et al.

It is certainly true that for many precision 
machining applications, the growth in use of 
UV lasers has eclipsed green lasers over the 
past few years. The factors which used to be 
seen as negatives against UV lasers – crystal 
lifetimes, regular ‘hands-on’ intervention for 
best performance, higher-cost optics and much 
higher capital cost – have largely been overcome 
and this has led to massive adoption of UV 
lasers in markets such as the PCB industry. 
However, as this article points out, the technical 
results which can be achieved with modern 
pulsed green lasers can match those of UV for 
certain applications so the question is what are 
the drivers for choosing green vs. UV lasers.

The examples cited in the article do not rely on 
ultra-high resolution machining and so the larger 
spot size from green lasers is not such a big 
problem in the cases presented. The case which 
is made seems to promote the higher peak 
power of the BLIZZ 532-30-V as being the factor 
which allows for efficient results for PCB cutting. 

OBSERVATIONS
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However, the comparison which is made to UV 
lasers quotes UV lasers with much longer pulses 
so the comparison may be a bit unfair. It is 
possible to buy UV lasers with essentially similar 
specifications to that of the BLIZZ 532-30-V and 
so the real comparison may be one of cost. Of 
course, if one already has a UV facility then there 
may also be a whole host of other commercial 
factors against starting again with green lasers 
and those factors will vary by industry and even 
location. If one is choosing lasers for a new 
facility, though, the balance becomes one of total 
cost against total technical benefit – although the 
capital cost of a UV is higher than a green laser, 
it is debatable whether running/maintenance 
costs would be very different nowadays. The 
technical advantages may be somewhat on 
the side of UV lasers (e.g. shorter wavelength 
allowing more materials to be machined with 
higher quality, smaller spot sizes allowing 
higher intensities) but, as the article points out, 
green lasers can perform excellently for many 
applications. 

Laser companies are putting increasing effort 
into publishing white papers and application 
notes – this is to be commended and is really 
needed in order to inform existing users (and 
potentially new ones) about how lasers can help 
with their needs.

Nadeem Rizvi, Laser Micromachining

The basic assertion in this article that green 
Q-switched lasers can substitute for long pulsed 
(140nsec) UV lasers in a few PCB applications 
is not incorrect but the authors fail to point 
out that new more compact, low cost, short 
pulse (<40nsec) UV lasers like AVIA NX are now 
available, and provide extended lifetimes with 
proven reliability and broader process capability 
than green. Process capability is the main reason 
our customers usually choose UV over green 
(we offer both) - UV has the ability to process 
copper, polyamide films and glass impregnated 
laminates well. While the main stumbling block 
for green has always been poor coupling into 
the glass fibre impregnated materials and the 
inherently shorter depth of focus compared to 
UV. 

The references to retrofit suitability are 
questionable as it is impossible to substitute 
a green laser into a UV tool without replacing 
almost all of the optical components in the beam 
delivery – a very expensive and impractical 
consideration. In addition the comments 
about the higher cost of UV lasers vs green 
are misleading – most laser tool users quickly 
discover that purchasing from a reputable laser 
vendor who provides a broad choice of all the 
laser wavelengths and a proven track record 
of reliability and worldwide service support is 
the key factor in maintaining line uptime and 
minimising costs in 24/7 manufacturing.  

David Clark, Coherent

IMPROVING MATERIALS 

PROCESSING WITH STATIC BEAM 

FORMING
Mark Thomson et al.

To answer the author’s question “Yes, I think 
multiple laser beam processing is going to 
be a growing trend in broader industry”. Twin 
spot welding has been successfully used with 
CO2 lasers for joining “tailored blanks” in the 
automotive industry, reducing weld porosity, and 
bridging gaps. Implementation is difficult though, 
using prismatic mirrors or complex lenses. 
Additionally having the flexibility of unequal 
spot powers, or spot sizes, as in this article is 
impractical. Any laser-based surface preparation 
technique integrated alongside laser cutting 
or welding as in the “Two Step” laser welding 
outlined here, will be welcomed. The legislative 
and cost pressure to reduce or eliminate 
chemical based surface modifications and 
pre-treatments, such as degreasing, etching, 
pickling, or descaling is increasing. Perhaps not 
industrial, but I’m also excited by the possibilities 
in laser surgery and dentistry, where “satellite 
beams” could apply pre or post laser treatment 
to the tissue and bone around the margins of the 
actual site of laser surgery.

Mark Wilkinson, Laser Beam Products

IPG are not resting on their laurels and are 
continuing to be an ever-growing and disruptive 
(and positive) influence in the market place, and 
it is good to see them continuing to take their 
typically sideways look at processing solutions 
as well as laser sources.

The tri-spot brazing is an interesting solution 
to a number of issues associated with (and by 
no means limited to) laser brazing. Now it has 
been announced, I am very interested to see 
follow-on articles where the discussion can 
focus on the potential value-add offered by this 
system compared to the near-ubiquitous brazing 
tools offered by Scansonic, HIGHYAG etc. (or 
even the new co-axial brazing tools offered by 
Precitec, Fraunhofer etc.). For customers whose 
key business metric is the pound, dollar, Euro, 
Yuan etc., ‘how many cents per joint does this 
save me?’ is a common question and it will be 
good to be able to provide such customers 
a credible response. I have the same view of 
square fibre discussed in the second half of 
the paper – I can buy existing solutions that 
do exactly the same job for this application, 
robustly and reliably, so what is the unique value-
proposition that the IPG tool offers? This leads 
me to the really interesting question: what are 
the pertinent applications, which are arguably 
more exciting, that aren’t being discussed in 
this article? Early indications suggest that IPG’s 
square fibre can produce some game-changing 
results in certain applications, and I can envisage 
a number of applications where the tri-spot tool 
could potentially offer some ground-breaking 
advantages. 

Nic Blundell, MTC

IN-SITU SYNTHESIS OF 
TITANIUM ALUMINIDES 
Alexander Gasper et al.

The article presents a very interesting and 
revolutionary concept. Generation of graded 
materials in a fully flexible cost efficient manner is 
a key aspect in the future of manufacturing. 

The in-situ synthesis shows a significant 
reduction in the energy required to manufacture 
surfaces with titanium aluminide, which together 
with the great flexibility and the low heat input 
of lasers offers big benefits, as compared to 
traditional manufacturing. However the process 
control has to be improved to make the process 
viable for high value components. In particular, 
the relatively rapid thermal cycle and localised 
heating in laser processing results in significant 
thermal gradients in the meltpool, which in these 
types of reactions often leads to unbalanced 
reaction rate within different regions of the 
meltpool. This was evident as the unreacted 
TiO2 and pure Al2O3. The thermal gradient and 
reaction control has to be improved. 

The problem is a bit less critical when feeding 
wires and powder simultaneously into the same 
meltpool. In this case the laser energy should 
be controlled in such a way to ensure fusion of 
all constituents and homogenous morphology 
across the tracks. This can be a problem if there 
are significant differences in density and melting 
points between the constituents. 

The topic is very interesting and the study 
provides good feasibility results, well done. 
It would be interesting to carry out thorough 
analysis of the benefits of each of the proposed 
methods, i.e. the energetic efficiency and 
material usage efficiency. Also a deeper 
understanding of the significance of the power 
density on the morphology of the tracks would 
be required. This can point out how robust and 
tolerant each process is. 

Wojciech Suder, Cranfield University

LASER + CAMERA = INNOVATION

Wolfgang Lehmann

This article outlines an interesting “off the shelf” 
solution which could make systems more flexible 
and accurate with inbuilt validation of quality.  
As integrators of lasers with automation, Tec 
Systems has significant experience of machine 
vision and custom software for galvo scanning 
solutions to allow accurate orientation of the 
laser processing pattern to the part geometry.  
By reducing the reliance on custom fixtures, 
this solution could make production more 
flexible and fast.  In addition, the known limits 
of galvos in terms of accuracy and repeatability 
can be overcome by validating the position with 
a camera looking either through the lens or 
adjacent to it, as we know.  

Several potential quality benefits spring to mind, 
including for example the ability to measure 
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A few years ago, one of our friends hosted a 
bonfire party for some neighbours.  Perhaps the 
wood had become damp, or the fire just wasn’t 
catching quickly enough to provide the bonfire 
experience.  For whatever reason, he saw fit to 
pour petrol on the fire as fuel which is never a 
good idea, and he ended up losing some hair off 
the back of his hands as well as eyebrows and 
some other facial hair – fortunately, no serious 
harm done.  

More recently another friend poured ashes from 
his “fire pit” into his wheelie bin (presumably 
ignoring the “no hot ashes” wording on the 
lid) and went off to work.  A couple of hours 
later smoke was pouring from under the bin lid 
requiring a few bucket loads of water to stop it 
burning.  Both of these people were from the 
automotive industry and probably should have 
known better!  

But then again, my experience with bonfires 
isn’t squeaky clean since I was part of the team 
setting off the fireworks on bonfire night in a field 
behind the company.  My memory isn’t great 
about the evening but I am pretty sure the grand 
finale firework box ended up facing towards the 
crowd not the sky, more like a missile launcher 
than a display – again, nobody was hurt on that 
occasion but the need for caution with fire was 
enforced. 

Laser beams, hot metal and oxygen are also not 
great together from a fire safety point of view.  
One day in the application lab, my colleague 
(let’s call him “Bonfire Ben” – name changed 
to prevent embarrassment!) was drilling some 
deep holes with a high peak power pulsed YAG 
laser and high pressure oxygen.  A badly sealed 
nozzle allowed oxygen to fill the beam delivery 
and a hot spark set the laser head alight – 
causing some alarm and mild panic at the same 
time.  Remarkably, in my experience this sort of 
accident is often not serious for the laser head 
and I don’t know of any casualties in this type of 
accident.

Most memorable for me are a couple of fume 
extractor fires – the first of which occurred in 
the pleated paper HEPA filter of a laser welder, 
full of tiny particles of metal dust.  Unfortunately, 
filters tend to be oxygen rich as the air is sucked 
through the filter – and a stray spark can quickly 
cause a smoky smouldering fire.  On this 
occasion the customer saw fit to call me (I sold 
the system to him) asking for advice.  Luckily I 
was available to tell him to switch it off and fetch 
a CO2 extinguisher.  

The other fire that comes to mind was on the 
site of a medical device manufacturer, and 
they were very upset as the smoke meant their 
products might be contaminated.  Interestingly 
they compared the system supplied with one 
from a competitor and wondered why that one 

never caught fire – when a colleague investigated 
they found the position and design of the 
extractor nozzle on the competitor’s system 
meant virtually no fume was being collected 
and arriving at the filter – most of the fume was 
around the product, the fixture and around the 
machine!

The moral of this tale?  When thinking about 
laser safety, fire and fume are two things more 
commonly causing risks to the people around 
the machine – much more likely than skin or eye 
damage from the laser beam…

Dave MacLellan
dave@ailu.org.uk
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A FUNNY THING: SMOKE AND MIRRORS

hole diameters accurately after laser cutting or 
drilling without removing the part (which saves 
time and reduces process steps).  Often, there 
is a need to check a laser mark is readable and 
has sufficient contrast after marking, and one 
wonders if this software has built-in functionality 
for this?  Whilst the technology described is 
neither new nor ground-breaking, it might save 
integrators and system builders from having to 
“reinvent the wheel” and could make the process 
of integrating scanning systems with cameras 
more straightforward, one would hope.

Tony Jones, Tec Systems

ADVANCED SCANNING 

SOLUTIONS FOR MICROMACHINING
Lars Penning et al.

This article illustrates the need to develop new 
solutions for the continually developing range of 
lasers and their applications. The two solutions 

described appear to address issues at two 
ends of a processing speed spectrum, that of 
high area coverage rate applications using high 
repetition rate lasers, and the need to gain the 
benefits of ultrashort pulse processing to achieve 
high precision in high aspect ratio processing. 

The former application, high area coverage 
scanning, is an area I am particularly interested 
in, and the polygonal scanning technique is 
clearly offering a solution beyond the capabilities 
of conventional galvanometer scanning. The 
ability to cope with repetition rates of 10M Hz + 
and over a wide scan width are very important 
aspects of achieving high coverage rates while 
retaining the necessary precision to create 
textures etc. that have a certain functionality. 

I have to admit I struggle a bit with the focusing 
optics, not really understanding how the beam 
can be focused in the axis parallel to the 
scanning axis, I would like to see that explained 

more clearly.

Martin Sharp, Liverpool John Moores University

This is a well written article on the application 
of polygon scanners for high speed micro-
machining requirements. It is certainly the case 
that applications for high repetition rate lasers 
(for example, in the MHz range) have been 
constrained by an inability to move the beam or 
workpiece fast enough. 

Polygon scanners have been available for many 
years, but as a component-only solution were 
always considered difficult to integrate. It was left 
to the user to figure out how to synchronise the 
laser with the scanner, provide flat-field focusing, 
how to compensate for facet-to-facet errors, 
etc., and required expertise in optics, electronics 
and software. This system from Next Scan 
Technology appears to address this and provide 
a more user-friendly sub-system. 

Gary Broadhead, Laser Lines
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AILU WORKSHOP
Presentations, Exhibition and Tour

HIGH POWER LASER SOURCES AND BEAM DELIVERY 
 29 November 2016

Heriot-Watt University, Edinburgh

Programme

FORTHCOMING EVENT

Courtesy: Next Scan Technology

Courtesy: University of Southampton

Courtesy: Coherent

 
08:45 - 09:30  Registration, Refreshments & Exhibition

09:30 - 10:50  Session 1: High power lasers

Welcome  Duncan Hand (Heriot-Watt University)

New developments in high power pico and femtosecond laser sources

Darryl McCoy, Coherent

Tailored beam delivery for industrial fibre laser processes 

Stan Wilford, IPG Photonics

New direct diode laser sources

Mark McElhinney, Lasertel, USA 

10:50 - 11:20       Refreshments & Exhibition

11:20 - 12:50  Session 2: Beam delivery 

Lasers making Lasers

 Jacob Mackenzie, University of Southampton

Laser Technology for Industrial Processes

Daniel Esser, Heriot-Watt University

Hollow core fibre delivery solutions for ultrashort pulse lasers 

Bjorn Wedel, Photonic Tools 

Scanning beam delivery for ultrafast laser processing

Lars Penning, Next Scan Technology

12:50 - 13:50      Lunch & Exhibition

13:50 - 14:50      Session 3

Refractive beamshapers for high power lasers 

Matthew Currie, Powerphotonic 

Novel beam delivery systems for high-efficiency UV DPSS laser processing

Adam Brunton, M-Solv 

DiPOLE: Design, performance and applications of multi-Joule, multi-Hz pulsed 
laser systems  

Jonathan Phillips, Central Laser Facility, STFC

14:50 - 15:20       Refreshments & Exhibition

15:20 - 16:20 Tour Industrial Laser Development Laboratory and Beam   
   Delivery/Precision Laser Processing Laboratory

For more information including how to register see the Events page on the AILU website: www.ailu.org.uk/events
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September 2016 October 2016 November 2016 December 2016

7-8 
PRIMES WORKSHOP - LASER 
BEAM DYNAMICS
Darmstadt, Germany

13
FUTURE PHOTONICS HUB 
INDUSTRY DAY
University of Southampton

14 
AILU WORKSHOP 
MICRO-NANO PROCESSING 
Botleigh Grange Hotel, 
Southampton

21
LASER CUTTING AS A TOOL FOR 
DECOMMISSIONING
TWI, Cambridge

4 
AILU ANNUAL JOB SHOP 
BUSINESS MEETING
MTC, Coventry

12-13
PHOTONEX 2016
Ricoh Arena, Coventry

16-28
ICALEO 2016
San Diego, USA

2-3
ADVANCED ENGINEERING 2016
NEC, Birmingham 
AILU at stand L62

28
ILAS 2017
Abstract submission deadline

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

7
AN INTRODUCTION TO HYBRID
ADDITIVE MANUFACTURING
MTC, Coventry

23
ILAS 2017 
Last day for early-bird registration 
discount

January/February 2017 March 2017 April/May 2017

28 JANUARY - 2 FEBRUARY 
SPIE PHOTONICS WEST & 
PHOTONICS WEST LASE

22-23
ILAS 2017
5TH INDUSTRIAL LASER APPLICATIONS SYMPOSIUM
Belton Woods Hotel, Grantham

TBA
AILU AGM

24-27
SPIE OPTICS + 
OPTOELECTRONICS 2017
Prague

EVENTS: RECENT AND FUTURE
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