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experience of a job 
shop  



The Laser User       Issue 66, Spring 2012

The cover picture shows the industrial fibre laser 
flatbed cutting machine with automated material 
feed installed at Cirrus Laser, a UK laser job 
shop. MD Dave Connaway gives his verdict 
on its first year of operation (p 17). Fibre laser 
cutting also features in an article on 'Striation 
free' oxygen-assisted fibre laser cutting (p 22) 
and in the highlights from MACH 2012 on the 
inside back cover.

The principal objectives of AILU 
include:

 • To foster co-operation and collabo-
ration on non-competitive technical 
matters and provide a forum and 
mechanisms for sharing experience 
and expertise.

• To encourage the expansion of laser 
use into applications where they can 
add value and increase company 
competitiveness.

 • To represent and promote the inter-
ests of industrial laser users.

 • To disseminate professional and 
other information to members.

 • To promote best practice in the 
commercial applications of lasers in 
materials processing and allied tech-
nologies.

 • To support the maintenance and 
improvement of standards of laser 
safety and performance.

AILU membership is a valuable source of 
information concerning laser technology 
and applications. Benefits include: 

• Subscription to The Laser User, the 
leading magazine on laser applica-
tions with news and views from the 
UK and world-wide.

• A 'hot-line' consultancy service pro-
vided by members for members.

• Free entries in the AILU Product and 
Services Directory on the web site.

• Regular meetings, including mem-
bers-only meetings and open work-
shops e.g. where key areas of tech-
nology are open for discussion.

 • Access to the members' area of the 
web site with lots of technical articles 
plus frequently asked questions, cur-
rent laser safety and performance 
standards etc.

• Major discounts on registration fees 
for events organised by AILU and 
affiliated bodies.

The AILU objectives

Benefits of  
membership 

Helping you make the most of laser technology

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

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

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

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

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

+44 (0)1235 539595

Group subscription to the e-Magazine

All AILU members have free internet 
access to current and past copies.

For only £100 a year Corporate mem-
bers can take out a group subscription 
so that everyone in their organisation 
can, at any time, have this same degree 
of access the magazine.

Contact liz@ailu.org.uk for further details 

AILU membership 
provides me with 
two key things: 
the magazine, and 
workshops/con-
ferences. These 
are both excellent 
ways of keeping 
up with recent 
developments 
in laser-based manufacturing, and in 
particular are useful for new members 
of my research group (e.g. new PhD 
students) to come up to speed in a 
particular area. There is the added 
benefit of a reduced rate for the annual 
ICALEO conference in the USA.

Duncan Hand  
Heriot-Watt University, Edinburgh

What does AILU membership 
mean to me?
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Erratum

For reasons that not even the printers of the last 
issue of this magazine were able to resolve at 
the time, the data points in Figure 4 of the article 
'Laser net shape welding' by Lin Li et. al. (Issue 65, 
pp 22) failed to show in the hard copy edition of 
the magazine, though they are clearly present in the 
electronic (PDF) edition and in the reproduction of 
the figure above. Our apologies for this.
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ILAS 2013
Industrial Laser Application 

Symposium

The Nottingham Belfry Hotel

12 & 13 March 2013
ABSTRACT DEADLINE: 

24 SEPTEMBER 2012
It couldn't be simpler to make your 
mark at the UK's big biennial 2-day 
laser event. All you need to do is 
submit a title and short description 
to the AILU office.

Abstracts are sought in three  
categories: 

Technical: to inform the audience of 
recent developments in a process 
and/or associated laser source or 
system technology for use in materials 
processing applications. 

Introductory: to provide an intro-
duction to key laser processes and 
technologies to new or potential laser 
users. 

Business: to inform business owners 
on issues such as market forecasts, 
funding, support for R&D, business 
improvement, government policy on 
manufacturing, marketing, business 
models etc. with the aim of providing 
the UK laser user and supply industry 
with a review of opportunities for busi-
ness improvement. 

For full guidance on submitting an 
abstract take the link from the AILU 
home page.

Success of the AILU Pavilion at  
MACH 2012 (16 - 20 April)

Survey of AILU Pavilion members

Note 1
'... Number of leads was about what I antici-
pated but quality of leads was higher than I 
expected.' 
Dean Carpenter, Laserite

'... The 1st day was quiet for us but rest of the 
week was good and we made some interest-
ing new leads with companies we had not 
dealt with before.' 
John Cocker, Laser Trader

Note 2
'...The first and last days were a total waste of 
time: this should really be a 3-day show.' 
Dean Carpenter, Laserite

'... We would consider doing it again in 2014 
but will wait and see how the leads we have 
pan out before making a final decision.' 
John Cocker, Laser Trader

Note 3
'... New contacts, people looking at competi-
tors or just looking at lasers for the first time, 
definitely made it advantageous to be part of 
the AILU pavilion.' 
Andy Toms, TLM Laser

'... We made good use of the extra space in 
the AILU lounge for meetings which involved 
several companies. Also, there was good 
interaction between pavilion stand holders, 
including passing on enquiries to other exhibi-
tors in the AILU group if unable to help.'
John Cocker, Laser Trader

Final words on MACH 2012
I was in the AILU lounge in the pavilion 
all week and found the show worthwhile.  
The AILU committee, and in particular 
Martin Sharp who was the main mov-
ing force behind the AILU pavilion, was 
delighted that 14 members decided 
to take a stand and we should end up 
with 15 new members as a result, which 
made the effort worthwhile, over and 
above the intangible benefits of spread-
ing the pavilion theme message of 
'design for laser manufacture'. 

The new AILU Products and Services 
Directory, an A5 brochure, proved very 
popular.

Mike Green, AILU Secretary 
P.S. See also stand highlights on the  
inside back cover.

AILU's new committee members
AILU's 19th Annual General Meeting took 
place at the end of Day 4 of the MACH 
show at the NEC, Solihull, in the Hall 4 
Meeting Room 1. 

Following the election of the 2012/13 
committee the officers remain but there 
are now three new committee members:

Jim Fieret (BOC) and Gerry Jones 
(Trumpf) retired from the committee after 
serving a 3 year term and the President, 
Martin Sharp, thanked them for their con-
siderable support over this time. 

Minutes of the meeting have already 
been emailed to members but they are 
also available on the AILU web site in the 
members' area.

Mark Wilkinson is 
Managing Director of 
Laser Beam Products 
(since 1990), a UK SME 
manufacturer of optics 
for high power far infra 
red applications such as 
CO2 laser cutting and 
welding; also broad band 
IR optics for applications 

such as thermal imaging, IR counter measures, 
high speed scanning, and fibre or disc lasers. 
Whilst having not previously served on the 
AILU committee, Mark has been a source of 
expert advice on matters optical, writing in the 
magazine and presenting at workshops. 

Tim Holt joined the 
Institute of Photonics 
in Strathclyde in 2001 
and has been its Chief 
Executive since 2005. 
He worked in the laser 
division of Ferranti and 
was part of the manage-
ment buyout that formed 
Laser Ecosse in the early 

1990s. In 1992 he was appointed UK Sales 
Manager for Rofin-Sinar and served a term as 
AILU President in 2006/7. As Chief Executive 
of the Institute of Photonics he has played 
a significant part in the successful bid for a 
Fraunhofer Centre in Photonics to be based 
at the University of Strathclyde.

Professor Lin Li holds 
a chair in Laser 
Engineering and estab-
lished the laser process-
ing research centre at 
Manchester University. 
His current management 
roles include Director 
of the Laser Processing 
Research Centre within 

the university, Head of the Manufacturing 
and Management Research Group, Director 
of Research, Deputy Head of School and 
member of Senate of the University. He was 
previously an AILU committee member (2004-
7) and is currently Chair of the AILU Special 
Interest Group on Process and Product 
Innovation. 

WELCOME TO NEW  
CORPORATE MEMBERS

Abariscan GmbH

adLaser Lda

Flexitallic Ltd

Horizon Instruments

SigmaTek Europe

Thermal Engineering

Vortex Technology Ltd

World Machinery

Question Yes

Was it worth having a stand at 
MACH? (see Note 1)

83%

Would you consider taking a stand 
at MACH 2014? (see Note 2)

75%

Was being part of the AILU pavilion 
an advantage? (see Note 3)

92%
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The Premier Group uses Prima Power 
laser for the 2012 Olympic Torch 
Prima Power, the Machinery Division of 
the Prima Industrie Group is proud to 
announce that the London 2012 Olympic 
Torch used Prima laser cutting and 
welding machines at The Premier Group 
(TPG) to cut the holes and to weld the 
parts.  

One of the most important elements of 
the Torch, designed by Edward Barber 
and Jay Osgerby working in partnership 
with The Premier Group and presented 
on June 8th in London, are the 8,000 
holes running the length of the body: 
they represent the 8,000 torchbearers 
carrying the olympic flame around the 
UK and make visible the internal parts 
of the torch and burner system that 
keeps the olympic flame alive, as well as 
reducing weight and ensuring that heat 
is quickly dissipated before being con-
ducted down the handle. 

“To cut 8,000 holes fast and with high 
quality our Syncrono 2D laser machine is 
probably unbeatable," said Ezio Basso, 
Prima Industrie Managing Director. 

'The cutting of these holes was the 
“Olympic challenge” for Premier, and 
they won it, thanks to their experience, 
talent and professionalism and with the 
help of our technology,” he added.

The Premier Group cut and folded the 
torch's triangular shape from drilled alu-

minium sheet then used Prima Power 
3D laser technology to weld the parts 
and cut holes in the welded areas. This 
welding and cutting operation was 
performed by Prima Power Optimo 3D 
laser machine with Vivida technology. 
This machine can be easily converted 
from cutting to welding through a quick 
change of the head attachment. 

“It is fascinating," concluded Ezio Basso, 
"how state-of-the-art laser technology, 
using light in a very modern way, con-
tributes to create the Olympic flame, an 
ancient form of light.” 

Contact: Paul Downs 
E: paul.downs@primapower.com 
W:  www.primapower.com

The Queen’s Award is a breath of 
fresh air to Poole based company
BOFA International Ltd has been hon-
oured with the UK’s most prestigious 
business accolade, The Queen’s Award 
for Enterprise.

Recognised for their outstanding 
achievements in export sales, first time 
winners BOFA have over 25 years’ expe-
rience in fume extraction and filtration 
covering laser and many other proc-
esses.

The company was started by Dave 
Cornell in 1987, with the first BOFA 
unit built with the aid of his son in his 
garage. Now some 25 years later the 
company employs 110 staff and exports 
to more than 100 countries.  Despite 
starting in a recession their utter deter-
mination and hard work has truly paid 
off with significant overseas trading 
growth of 108% in the last 3 years.

“This award is really for the whole BOFA 
team and reflects their consistent hard 

work. From day one, I knew our systems 
and service would revolutionise the mar-
ketplace. We are now the market leader 
and we expect to retain this position, 
as we grow further in the coming years. 
I’d like to thank our customers and of 
course everyone at the Queen’s Award 
office for this wonderful honour,” said 
Dave Cornell. 

Contact: Derek Roberts 
E: sales@bofa.co.uk 
W: www.bofa.co.uk

Fraunhofer to set up UK headquarters
The first Fraunhofer Centre to be estab-
lished in the UK will be based at the 
University of Strathclyde in Glasgow.

Fraunhofer Gesellschaft, Europe's larg-
est organisation for applied research, 
is creating the new Fraunhofer Centre 
for Applied Photonics in a strategic 
collaboration with the University of 
Strathclyde. The Centre will be a hub 
for industry-driven laser research and 
technology for a variety of sectors 
including healthcare, security, energy 
and transport.

At the same time Fraunhofer will 
establish Fraunhofer UK Research 
Ltd., at the University. This will be the 
umbrella organisation for any addi-
tional UK-based research centres in the 
future. It will be based in the University’s 
Technology and Innovation Centre, 
which was launched in March 2011.

The new Fraunhofer Centre for Applied 
Photonics is funded by Fraunhofer and 
the University, the Scottish Government, 
Scottish Enterprise and the Scottish 
Funding Council. It is expected to be 
the model for more Fraunhofer research 
centres around the UK.

"Building on the links between educa-
tion and industry is a win-win situation 
that will benefit our economy. Securing 
the UK's first Fraunhofer centre is a 
major achievement for the University 
of Strathclyde's Technology and 
Innovation Centre," said Education 
Secretary Michael Russell as he 
announced the launch of the centre. 

Professor Jim McDonald, Principal of 
the University of Strathclyde said: “It 
is fitting that the UK’s first Fraunhofer 
Centre is dedicated to lasers, a thriv-
ing industry that Scotland has excelled 
in for decades. The plans have already 
been endorsed by our partners in 
industry and we look forward to work-
ing together to design and develop the 
products and services of tomorrow.”

Fraunhofer has more than 20,000 
employees in more than 80 research 
units in Germany alone, and is estab-
lishing Centres throughout Europe, 
Asia and North America - most recently 
at the Massachusetts Institute of 
Technology (MIT). The new Centre will 
collaborate with this strong Fraunhofer 
network.

Contact: Tim Holt 
E: tim.holt@strath.ac.uk 
http://www.strath.ac.uk/photonics

(l to r) Lawrence Cornell (Director), Chris Cornell 
(Director) and Dave Cornell (Chairman)

Premier and torch: (l to r) Lord Coe, chairman of 
LOCOG, with Directors of The Premier Group, 
George Mollison and Gez Halton  
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Engineering Doctorate (4 yrs) scholarship in laser 
welding for nuclear power plant fabrication

Research Topic: Adaptively controlled multi-pass 
laser-based welding of thick-section steels and 
stainless steels for nuclear application

Supervisors: Professor Lin Li (The University of 
Manchester), Dr Chris Allen (TWI Ltd)

Research Group:  Laser Processing Research 
Centre (University of Manchester), Nuclear AMRC, 
Dalton Nuclear Institute (University of Manchester).

Industrial Sponsor: TWI Ltd (The Welding Institute)

Programme: EPSRC Nuclear Engineering Doctorate

Degree Type: EngD (4 years)

Stipend:  £20,000/year tax-free

Project Description (edited)
This project is concerned with raising the 
Manufacturing Capability Readiness Level (MRL) of 
laser-based welding techniques (laser, laser+wire 
feed, and/or hybrid laser-arc welding) for thick sec-
tion joining of nuclear grade materials. The MRL of 
these processes will be increased by developing 
previously demonstrated laser and hybrid laser-arc 
thick section welding techniques for these applica-
tions. The latest Yb-fibre laser technologies will be 
used, and process monitoring and adaptive control 
of welding parameters will be incorporated, to 
increase the industrial robustness and relevance of 
these welding processes.

Supervisors (edited)
The project will be jointly supervised by The 
University of Manchester and TWI Ltd (www.twi.
co.uk). The university academic supervisor will be 
Professor Lin Li, Director of the Laser Processing 
Research Centre (LPRC) at the School of 
Mechanical Aerospace and Civil Engineering. The 
industrial supervisor will be Dr Chris Allen, Principal 
Project Leader in the Laser and Sheet Processes 
Section at TWI Ltd.

It is anticipated that the Research Engineer will 
be based initially at The University of Manchester 
and then at the sponsor company, returning to the 
University to attend events such as scientific and 
non-scientific short courses, meetings, and to use 
laser processing and characterisation facilities.

Professional Development (edited)
The Nuclear EngD programme at The University of 
Manchester incorporates a structured professional 
development programme. In addition, the Research 
Engineer will participate in selected courses of 
TWI Ltd’s graduate development programme and 
will be encouraged to work towards Chartered 
Engineer status with the relevant Professional 
Institute.

Eligibility (edited)
Applicants should have or expect to obtain the 
equivalent of a 2.1 or first class undergraduate 
degree in materials science, mechanical or electri-
cal engineering. A postgraduate Master’s degree in 
laser processing or non-destructive testing is desir-
able, but not a necessity. The successful candidate 
should demonstrate self motivation, good project 
planning and delivery, and good communication 
skills.

Only candidates who have normally resided in the 
UK for the three years immediately prior to start 
date of the programme, are eligible for full financial 
support on the programme. This support covers 
university registration fees and stipend. For candi-
dates who have normally resided outside of the UK 
but within the EU for the three years immediately 
prior to the start date of the programme, financial 
support can be offered which would cover univer-
sity registration fees only. 

Initial enquiry and application, in the form of a CV, 
names of two references and cover letter including 
a statement of research, should be sent to:

Professor Lin Li at: lin.li@manchester.ac.uk 
and Dr. Jon Blackburn at: Jon.blackburn@twi.co.uk

Winbro continues to fly high in 2012
Following a highly successful year in 
2011, which was marked by continued 
growth within both their UK and USA 
operations, Leicestershire based Winbro 
Group Technologies announces record 
order levels for Q1 in 2012.

In the first quarter of 2012 the Company 
has secured orders for 15 new multi-
axis drilling machines valued at over 
£7.0 M. This record breaking achieve-
ment includes orders from customers in 
Europe, USA and Asia. 

Winbro Managing Director, Robert 
Folwell commented “This further rein-
forces confidence that the demands for 
our technology will continue to expand 
throughout 2012”.

Winbro’s ongoing expansion plans 
include the consolidation of its 4 indi-
vidual buildings, currently occupied on 
Whitwick Business Park, into a new larg-
er local facility together with a continued 
expansion of the workforce.

Contact; Richard Baxter 
E: sales@winbrogroup.com 
W: www.winbrogroup.com

JK Lasers opens offices in Germany
JK Lasers has opened new sales offices 
in Germany. The new sales offices, 
based in Munich, complement JK 
Lasers’ existing support network. 

Mark Greenwood, General Manager for 
JK Lasers, said, “JK Lasers plans to 
expand in Germany because it repre-
sents an important market for us. The 
country accounts for a large percentage 
of the worldwide photonics trade and 
is home to leading manufacturers who 
could benefit from our products and 
services.”

A new range of powerful kiloWatt class 
fibre lasers will be added to the JK port-
folio later this year. 

Contact: Mark Greenwood 
E: sales@jklasers.com 
W: www.jklasers.com

ES Technology building extension 

Following the recent record financial 
results announced by ES Technology Ltd, 
the company welcomed Ed Vaizey, MP 
for Didcot and Wantage and Minister for 
Culture, Communications and Creative 
Industries, to officially open the expan-
sion of the business into a new unit.

The 310 m2 expansion at Kingston 
Business Park represents an increase 
of 50% in the floor space for machine 
and system building. It has been driven 
by the growth in the sales of industrial 
laser machines into the Automotive and 
Medical Device markets and an increase 
sub-contract Laser Marking Services.

Contact: Tim Millard 
E: sales@estechnology.co.uk 
W: www.estechnology.co.uk

Interest at Southern Manufacturing
A workstation that helps improve 
productivity attracted visitors to JK 
Lasers’ stand at this year’s Southern 
Manufacturing exhibition, on 15 & 16 
February at Farnborough. 

Visitors discovered how the JK System 
5000 can accelerate production times 
and avoid costly downtime by switching 
easily between welding, cutting and drill-
ing processes. Its modular design ena-
bles operators to easily change between 
the company’s range of lasers and proc-
ess tools, including a scanner for remote 
welding applications. See the demo at 
http://www.youtube.com/jklasers.

In addition to its processing advan-
tages, the workstation is ergonomically 
designed with a Class I safety enclosure 
and viewing panel so it can be safely 
and easily installed into most industrial 
premises.

Andy Emmess, European Sales 
Manager for JK Lasers, said, “Southern 
Manufacturing was a highly successful 
show for us. Visitors expressed consid-
erable interest in the JK System 5000.”

Contact: Mark Greenwood 
E: sales@jklasers.com 
W: www.jklasers.com

LaseDrill 800 – high peak power laser drilling 
machine from Winbro

Celebrating the expansion: Foreground (l to r) Ed 
Vaizey MP, Andy May (ES Managing Director) and 
Tim Millard (ES Operations Director) 
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Spectra-Physics has launched the 
Millennia® Edge™, a new single-fre-
quency, continuous-wave (CW) green 
laser. The 532 nm laser features the low-
est optical noise, with exceptional beam 
quality and pointing stability, in the most 
compact package available on the mar-
ket. Millennia Edge is ideal for pumping 
Ti:Sapphire and other lasers, including 
carrier-envelope-phase (CEP) stabilized 
systems, as well as holography and 
interferometry applications.

“With its industry-leading perform-
ance and industrial-grade reliability, 
the Millennia Edge is suitable for very 
demanding applications, including CEP-

stabilized laser system pumping,” said 
Julien Klein, senior marketing manager 
for Spectra-Physics. 

“The laser complements well our highly 
popular Millennia Prime™ family of high 
power (up to 15W) CW green lasers.”

Contact: Jon Richardson 
E: jon.richardson@newport.com 
W: www.newport.com/ultrafast

2 kW fibre laser opens up new manu-
facturing opportunities
JK Lasers has 
launched a new 
2 kW fibre laser. 
The JK2000FL 
can be used 
with processing 
fibres from 100 
to 300 µm for 
cutting and weld-
ing sheet metal. 
Applications in the automotive sector 
include tailored blank welding, compo-
nent welding, remote welding and hydro-
formed tube cutting. In the aerospace 
industry, it can be used for titanium weld-
ing of aircraft skins and structures, as 
well as laser cladding.

The JK2000FL delivers a stable out-
put power from switch on, as well as a 
consistent focused spot size and beam 
profile over the complete power range. It 
is fitted with JK Lasers’ detachable ‘plug 
in, pre-aligned’ (PIPA) beam delivery 
fibres with patented back reflection pro-
tection to protect the laser from damage 
when processing highly reflective materi-
als such as aluminium, copper, brass 
and titanium.

The JK2000FL retains key benefits from 
JK Lasers’ successful lower power mod-
els, including user-friendly software, fast 
modulation and pulse shaping; and can 
be fitted with JK Lasers’ modular range 
of bespoke process tools for optimal 
performance. It can also incorporate an 
optional timeshare unit that can simul-
taneously connect up to four separate 
workstations. With a compact footprint, 
the JK2000FL can be easily integrated 
into most production environments.

Contact: Mark Greenwood 
E: sales@jklasers.com 
W: www.jklasers.com

New tailored bar modules from DILAS
DILAS has launched a new range of con-
duction-cooled, fibre-coupled tailored 
bar modules. The tailored bar architec-
ture is specifically designed to achieve 
high-brightness output while maximizing 
fibre coupling efficiency for an overall 
high-efficiency product. The T-Bar was 
developed so that an automated active 
optics alignment can be utilized for effi-
cient fibre coupling into a 200 µm fibre.

Achieved through the optimization of 
semiconductor chip structures and opti-
cal parameters, the tailored bar (T-Bar) 
architecture delivers high beam quality 
and high power using standard micro-
optic fast-axis collimators (FAC) and 
slow-axis collimators (SAC), all assem-
bled with automated processes. 

The device is a monolithic multi-emitter 
source which takes advantage of han-
dling multiple emitters during each 
individual manufacturing step in order to 
lower complexity and enhance reproduc-
ibility of the beam quality and hence, the 
fibre coupling. 

DILAS 
Tailored Bars 
are available 
in powers of 
135, 200 and 
600 W in a 
200 um core 
fibre. These 
T-Bar fibre-
coupled mod-
ules are ideal 
for research 
and development usage in direct diode 
applications as well as for fibre and 
solid-state laser pumping.

UK Contact: Robert Church 
E: r.church@estechnology.co.uk 
W: www.estechnology.co.uk

Through-The-Lens viewing for 
FibreMini laser processing heads
Laser Mechanisms 
has expanded 
the capability of 
their popular line 
of FibreMini laser 
processing heads 
with the addition 
of through-the-
lens viewing as an 
optional feature.

Though-the-lens viewing is a useful aid 
for aligning the laser head (tip centering), 
verifying that you are within focus, tar-
geting the workpiece during weld setups 
and for monitoring dry runs to confirm 
precise tracking. And when entry into 
a work cell is not convenient, through-
the-lens viewing is invaluable for remote 
monitoring situations.

"Adding through-the-lens viewing 
as an option on FibreMini fulfills the 
request from certain customers who 
want to combine it with more sophis-
ticated vision applications," said Laser 
Mechanisms' Sales Engineer Mike 
DelBusso. "We even have some custom-
ers who plan to use FibreMini's new 
through-the-lens viewing capability for 
real-time process monitoring," he added.

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

Volume mirror orders from LBP

Laser Beam Products has the capabil-
ity to satisfy large volume orders of 
hundreds of pieces, providing excellent 
value for money. 

"Our production processes allow us to 
produce and ship large orders within a 
few weeks, and we always deliver on 
time!" said MD Mark Wilkinson.  

"Our production schedules allow for 
rigorous testing and quality control and 
each part is individually inspected prior 
to packing. Our packing processes are 
equally rigorous and ensure that all parts 
arrive in a perfect condition, uncontami-
nated by dust or dirt and ready for imme-
diate use or safe storage," he added.

Contact: Mark Wilkinson 
E: sales@lbp.co.uk 
W: www.lbp.co.uk

A 200 W, 976 nm fibre coupled 
T Bar Module – Just one of 
the new range of Tailored Bar 
Modules from DILAS

Spectra-Physics introduces Millenia Edge single-frequency green laser
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Raylase AG has extended its line 
of 3-axis subsystems with the 
AXIALSCAN-12, an extremely compact 
scan head that allows for simultaneous 
dynamic focus adjustment at speeds 
of up to 30 m/s. This enables materi-
als processing at high speeds even on 
uneven 3D-shapes. 

The new 3-axis subsystem concept 
comprising the patented, compact 
double-motor-Z-axis allows for fast and 
precise processing of a variety of mate-
rials in different shapes and sizes with 
small spot diameters and in state-of-
the-art quality. Speeds up to 30 m/s, its 
patented dynamic focus adjustment and 
compact size enable the AXIALSCAN-12 
to be used in numerous sophisticated 
applications which require flexible work-
ing areas and very small focus diameters 
with focus diameter and range varia-
tions in the working area. It is especially 
precise, fast and reliable when process-
ing 3D-shapes such as tilted or curved 
surfaces. 

The new AXIALSCAN-12 from Raylase 
offers an additional highlight: a new twin-
shell design, which has already success-
fully been used in the standard XY-units 
of the SUPERSCAN-II series. Negative 

Speeding up innovative solutions

RAYLASE AG  ·  info@raylase.com  ·  www.raylase.com

Complete solutions 
for laser beam defl ection, 
modulation and control

2-AXIS LASER BEAM DEFLECTION UNITS

3-AXIS LASER BEAM SUBSYSTEMS

CONTROL CARDS FOR LASER SYSTEMS

LASER SCANNING SOFTWARE SUITE

Visit us at the following exhibitions:  

Photonics · Moscow · Russia

MACH · Birmingham · UK

AKL’12 · Aachen · Germany

LASYS · Stuttgart · Germany

Universal laser power & energy metre 
from GENTEC -EO

Gentec has launched its new M-LINK, 
Universal Laser Power & Energy Metre. 
This PC-Based meter has the advantage 
of being compatible with every type of 
Gentec head (thermopiles, pyroelectrics 
and photo detectors), in both power and 
energy modes. The M-LINK claims to be 
the best metre available for precise low 
energy measurements, down to the fem-
tojoule level, thanks to its unique noise 
suppression algorithm. 

The new M-LINK is USB port-powered 
and is controlled via a unique LabView 
interface that presents many displays 
and measurement features. The meter 
also has an external trigger to help users 
synchronize it with pulsed lasers.

UK Contact: Gary Broadhead 
E: garyb@laserlines.co.uk 
W: www.laserlines.co.uk

thermal effects caused by changes in 
ambient temperature or processing 
conditions can be drastically reduced, 
resulting in very low drift values and 
long-term stability. 

AXIALSCAN-12 is designed for a wave-
length of 1064 nm, a maximum laser 
power density of 500 W/cm2 and field 
sizes up to 300 x 300 mm. Other wave-
lengths and parameters are available on 
demand. 

This flexible subsystem by Raylase is 
compatible to the XY2-100 standard and 
can easily be combined with fibre lasers, 
for example. 

Overview of the AXIALSCAN – 12:
• 3-axis subsystem 

• Twin-shell design for optimized ther-
mal management and low drift values

• Z-axis with compact double-motor

• Wavelength 1064 nm

• Laser power density up to 500 W/cm2

• Speeds up to 30 m/s

Contact: Harnesh Singh 
E: h.singh@raylase.de 
W: www.raylase.de

Compact size and high performance: the impressive AXIALSCAN–12 
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Long Life...Smooth...Fast...Accurate

Add an Aerotech award-winning
single- or multi-axis control system
for a complete motion solution.

Dedicated to the Science of  Motion
Aerotech Ltd, Jupiter House, Calleva Park, Aldermaston, Berkshire RG7 8NN - UK
Tel: +44 (0)118 940 9400 - Email: sales@aerotech.co.uk

www.aerotech.com
AH0311-LTD

A e r o t e c h  W o r l d w i d e
United States • France • Germany • United Kingdom • China • Japan  • Taiwan

165 mm

• Direct-drive linear motor for
smooth, precise motion and
high speed.

• Linear motion guide bearing
system means long life and
minimal downtime.

• Thirty-eight different models with
travels ranging from 100 mm to
1.5 m to ideally match almost
any application.

• Unique side-seal design provides
superior debris protection,
increasing up-time and keeping
your process moving.

8 Models
PRO560LM

8 Models
PRO280LM

12 Models
PRO225LM

10 Models
PRO165LM

PRO-LM Series Linear Motor Stages
Aerotech’s PRO-LM series linear-motor stages offer a cost-effective, high-performance solution for
positioning applications that require smooth, precise motion. The PRO-LM series is ideal for
applications such as laser machining, medical component manufacturing and other applications
requiring high accuracy and extremely smooth motion in a production environment. Contact
Aerotech today to learn how a PRO-LM stage can improve your up-time and application throughput.

225 mm

280 mm

560 mm

Load capacities range
from 45-150 kg

Motion Controllers

AH0311-LTD_PRO_LM_Series_190x126_AGR_halfpage.qxd  4/9/2012  2:01 PM  Page 1

A3200 Automation Platform
Aerotech has launched an indus-
trial computer option for its A3200 
Automation Platform software based 
multi-axis motion and automation control 
system. The industrial grade A3200-
PC computer is available in both panel 
mount and 19-inch rack formats with 
a Windows® 7 or XP PRO operating 
systems and with processing power and 
memory to match the users application. 

Optional hardware peripherals include 
additional FireWire®, USB and serial 
ports, dual Ethernet ports and solid 
state memory storage. The computer is 
supplied as a ready to run solution, pre-
installed with the users choice of A3200 
software and configured for remote serv-
er operation if required. For maximum 
purchasing flexibility, it is also available 
complete with monitor, mouse and key-
board options that include an integrated 
trackball or touchpad.

The A3200 Automation Platform uses a 
high-speed FireWire® network to pro-
vide up to 32 axes of decentralised and 
tightly synchronised motion and machine 
control. 

New digital control board
New 2 and 4-axis digital control boards 
are now available for the A3200, to 
enable high volume users to interface 
its advanced performance capabilities 
with virtually any size and type of servo 
or stepper motor drive technology.  The 
combined software and hardware of 
the Automation 3200-OEM and the 
Nservo-OEM control board also offers 
Aerotech's volume customers a lower 
price point and improved timescales 
through faster machine development 
and simplified series production when 
using third party drives. 

The Nservo-OEM provides current or 
velocity command outputs to drive both 
traditional and piezo motor amplifiers, 
and three-phase servo commutation 
signals with high resolution encoder 
feedback, as well as general purpose 
and machine I/O interfacing that will 
accommodate most automation system 
requirements. Requiring only a single 
Firewire® connection to the host PC 
running the A3200 Motion Composer 
software, machine systems of up to 32 
axes of high performance and totally 
synchronised motion and machine con-
trol may be configured. 

Lowest ownership cost for rotary stage

Aerotech’s CCS series rotary stages 
(patent pending) with integrated cap-
tured collet chucks provide automated 
material handling capability for a wide 
range of materials and applications. 
Collet chucks used with the CCS family 
accept C-, D- or Levin-style collets that 
are readily available from machine-tool 
component suppliers in sizes support-
ing tube diameters from 0.1 to 27 mm. 
Features include a unique collet-chuck 
design that eliminates the need for part 
re-registration after tube advancement.

The low maintenance, high-throughput 
characteristics of the CCS coupled with 
the integral material handling capability 
provides the lowest total cost of owner-
ship when compared to component-level 
solutions.
Contact: Simon Smith 
E: ssmith@aerotech.co.uk 
W: www.aerotech.com 

New developments in component control from Aerotech
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Surgery on the human spine is one of 
the most exacting, delicate procedures 
in the operating room. While the skill of 
the doctor is of paramount importance 
to a good outcome, the precision and 
reliability of the instruments they use 
are also critical. As minimally invasive 
surgery (MIS) becomes one of the fast-
est-growing areas in spine treatment, 
orthopaedic surgeons are demanding 
increasingly sophisticated tools. These 
must be sized for greater access and 
control through smaller incisions, made 
strong enough to cut through cartilage 
and bone, and built from materials that 
are bio-compatible.

Direct Metal Laser Sintering
Getting the right instruments to a sur-
geon who needs them—and coming up 
with new or customized models—is tra-
ditionally an arduous process that can 
create total wait times of many months.  
Now one of the world’s largest makers 
of implants and instruments for spine 
surgery, DePuy Spine of Raynham, 
Massachusetts, is cutting those lead 
times dramatically by employing laser 
sintering technology from EOS. 

DePuy Spine has worked with leading 
clinicians and researchers for over 20 
years to develop products to treat spine 
disorders. Using a single EOSINT M 
270 Direct Metal Laser-Sintering (DMLS) 
machine in their own shop, DePuy proc-
essed 2,000 prototype parts—benders, 
extractors, surgical screws, clamps, 
reduction devices and others—in the 
first year of use alone.  

What’s more, according to Staff Team 
Leader Peter Ostiguy, delivery times for 
surgical tool prototypes have shrunk 
from several months to less than a 
week in some cases. “Laser-sintering 
is very well-suited to our environment 
because of all the things we need to 
produce quickly,” he says. We’ve really 
impressed our surgeons with our ability 
to turn around what they’re looking for 
in a short amount of time.” 

Surgeons guide prototyping process 
“What has cut development time so dra-
matically is the capability of the EOSINT 
M 270 to build multiple iterations of a 
tool prototype in a matter of days.” 

The DePuy development team starts 
with a basic design idea, often making 
a plastic prototype first (on a different 
machine in their shop), and shows it to 
the surgeons for feedback. After modify-
ing the design according to the doctors’ 
input, DePuy may turn to the EOSINT M 
270 if the application is appropriate for 
creating a metal prototype. 

Giving surgeons more choice
“What’s nice about this machine is that 
we can easily make multiple iterations of 
a tool to give our doctors more choice,” 
says Ostiguy.  “In many instances we 
used to have to go with just one itera-
tion, but now we have greater flexibility 
to present more options. There’s just no 
substitute for actually holding an item in 
hand.” 

The consulting doctors can be very 
exacting about their requirements for 
tools such as blades, racks, tweezers, 
and callipers. “When they review the 
parts they may ask for different handle 
angles, or different spring strengths,” 
says Ostiguy.  “It’s very easy to adjust 
the CAD design and make another itera-
tion. Laser-sintering lets us make virtu-
ally anything they ask for.” 

A paradigm shift in tool design
The result of introducing laser-sintering 
into DePuy’s Development Center has 
been a paradigm shift in the thought 
process for designing tools, Ostiguy 
says. “We’re not designing for manu-
facturability any more, we’re designing 
for functionality. As designers, we were 
constantly thinking about how we were 
going to make something within process 
limits. With this machine, it really doesn’t 
matter.”

Once the consulting doctors are com-
pletely satisfied with an instrument 

design, DePuy quickly makes a final 
metal prototype with the EOSINT M 
270 and sets up a cadaver section so 
the surgeons can put the item through 
its paces. Cadaver testing of metal 
prototypes is the last stage in product 
development before DePuy sends the 
3D model file for the approved piece to 
an outside vendor for manufacturing. 
The finished items undergo a last round 
of mechanical testing and verification 
before being used in actual surgeries.

Biocompatible materials are next
Unlike prototypes tested in cadavers, 
instruments for in vivo surgical use must 
be made from biocompatible materi-
als. Due to their success with DMLS for 
prototyping, DePuy recently purchased 
another EOSINT M 270.  “If we can 
make instruments on our own machine 
we can save time and money and be 
responsive to our doctors’ require-
ments,” says Ostiguy.  

The second EOSINT M 270 machine will 
be dedicated to a single, heat-treatable 
material, EOS Stainless Steel PH1 (pre-
cipitation hardening stainless steel), 
which is characterized by high hard-
ness, strength and corrosion resistance. 
PH1 can be machined, spark-eroded, 
welded, micro shot-peened, polished 
and coated if required.  

The new EOSINT M 280 is program-
mable and the layer thickness is variable 
between 20 and 50 microns (a thicker 
layer cuts down on run time, a thinner 
one provides finer detail) and can proc-
ess multiple materials as well. Although 
his group is concentrating on the PH1 
material for now, Ostiguy says, “The 
possibilities are endless for future prod-
uct development with laser-sintering.”  

Contact:  
Stuart Jackson,  
EOS Electro Optical Systems Ltd

E: stuart.jackson@eos.info 
W: www.eos.info.

Surgery is a success for DePuy Spine with direct metal laser sintering (DMLS)
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Today’s smartphones pack enormous 
processing power and sophisticated 
touch screen displays, in a compact, 
rugged package. Laser processing plays 
a critical role in fabricating nearly every 
significant component in these prod-
ucts. This article reviews three of the 
more important of these.  

Display Glass Cutting
In order to minimize smartphone weight, 
manufacturers are using increasingly 
thinner glass for displays. However, this 
thin glass must still withstand being 
dropped, rough handling and being 
pressed upon (for touch screens).  

Unfortunately, mechanical glass cutting 
doesn’t work well with substrates under 
1 mm thick. It produces microcracks, 
creates debris, and leaves significant 
mechanical stress in the finished edge.  
All these problems necessitate further 
post processing.  

Laser glass cutting is a non-contact 
process that completely eliminates the 
problem of microcracking and chipping, 
and also produces essentially no residu-
al stress in the glass, resulting in higher 
edge strength.  

In one technique, called laser scrib-
ing, a CO2 laser beam is focused onto 
the surface of the glass, which is being 
translated to create a continuous cut. 
The 10.6 µm light is strongly absorbed 
by glass, causing localized, rapid heat-
ing. A jet of liquid or air is then used to 
quickly cool the glass, and the resulting 
thermal shock produces a continuous 
crack in the glass that is typically about 
100 µm deep; see figure 1. The glass 
then passes under a mechanical roller 
or chopper bar that imparts enough 
force to propagate the crack through the 
entire substrate thickness and break it. 
A typical laser source for this process is 

the Coherent Diamond K250, which pro-
vides 250 W at a wavelength of 10.6 µm.  

Faster, Brighter Displays
Smartphone displays are based on 
polycrystalline silicon, which delivers 
higher resolution and brightness, greater 
angle of view, and higher pixel refresh 
rates than the traditional amorphous 
silicon. Excimer laser based low tem-
perature polysilicon (LTPS) annealing is 
the preferred approach for producing 
the critical polysilicon layer during dis-
play fabrication. This is because it can 
be performed at temperatures as low as 
200°C, eliminating the need for expen-
sive quartz or thermal glass substrates. 
The most widely used LTPS technique is 
called excimer laser annealing (ELA).  

In ELA, the rectangular beam from 
a 308 nm excimer laser is optically 
homogenized and re-shaped to a long, 
narrow, highly uniform line. This line is 
then scanned relative to the substrate.  
Silicon efficiently absorbs 308 nm light, 
producing a near complete melt with 
each individual pulse, and resulting in 
efficient crystal growth in the vertical 
direction; see figure 2. 

ELA requires an excimer laser that com-
bines a high pulse energy (1 joule) and a 
repetition rate of several hundred hertz 
at high energy stability in order that a 
wide area can be processed with each 
pulse, which is why Coherent developed 

the VYPER series of excimer lasers 
for this, offering 1.2 kW, 308 nm laser 
radiation together with a 750 mm long 
LineBeam optics.

AMOLED Production
Smartphone AMOLED displays con-
sist of a sandwich of two plates – an 
AMOLED backplane, and a clear cover 
glass to protect the display. They are 
produced in large panels which are then 
separated to yield individual displays. 
Frit welding is used to encapsulate the 
individual displays. Specifically, pow-
dered glass which has been doped so 
as to lower its melting point, is deposit-
ed on the backplane in the required pat-
tern. Next, the cover glass is placed 
over the assembly and a laser source is 
directed through the cover glass to melt 
the frit material.  

In this application the laser provides 
localised heat, as opposed to simply 
heating up the assembly in an oven. 
Commonly, a fibre delivered, high power 
diode laser, such as the Coherent 
HighLight FAP System, is utilized for this 
application. It delivers sufficient power 
(60 W in this case) at a near infrared 
wavelength at which the cover glass 
is entirely transparent. Fibre delivery 
enables the laser beam to be rapidly 
scanned over the surface confirming 
that the beam properties and reliabil-
ity characteristics are particularly well 
matched to the needs of frit welding. In 
some cases, as many as 24 lasers are 
employed in parallel to rapidly process 
large panels.  

AMOLED displays prior to singulation
Lasers have become an indispensable 
tool in many aspects of smartphone 
production. In particular, their ability to 
perform non-contact, high precision, 
high speed processing is essential for 
many process steps. Additionally, lasers 
eliminate the use of wet chemicals, 
thereby reducing environmental impact. 
Finally, the high reliability and low cost 

of ownership of 
today’s laser sources 
make them an eco-
nomically viable 
alternative to most 
other technologies.  

Ralph Delmdahl 
Coherent Inc

E: ralph.delmdahl@
coherent.com

W: www.coherent.
com/

Lasers enable smartphone manufacturing

Figure 1: Laser scribing involves heating the 
glass with a laser and then rapidly cooling it to 
create and propagate a crack. 

Figure 2: Schematic of ELA

Figure 3: . A laser melts frit material to seal individual AMOLED displays prior 
to singulation
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Alumina ceramic (Al2O3) is used to man-
ufacture many items, including medical 
prostheses, ballistic armour, laser tubes 
and circuit boards. Its popularity is due 
to its strength, durability, corrosion 
resistance, thermal stability and excel-
lent dielectric properties; but these char-
acteristics also make Al2O3 difficult to 
process. The material is prone to crack-
ing from thermal stress and traditional 
techniques such as diamond-grinding 
can be costly and time consuming.

Rapid technological advances mean it is 
now possible to use Nd:YAG and fibre 
lasers to achieve a high standard of fin-
ish. These lasers are able to provide the 
necessary levels of control using vari-
able parameters such as spot size, peak 
power, pulse duration and frequency.

Optimised laser and processing param-
eters help minimise heat input, signifi-
cantly reducing the risk of thermal stress 
which can lead to cracking. Large scat-
tering of the laser beam, which can be 
seen at some common wavelengths, can 
be overcome through a combination of 
high peak power, short pulses and short 
wavelengths (1 µm).

JK Lasers’ single mode 200 W fibre laser 
(JK200FL) with built-in modulation can 

achieve good quality cuts in Al2O3 (figs a 
and b) up to 1mm thick, whilst the lamp-
pumped pulsed Nd:YAG laser (JK100P) 
(figs c and d) can cut Al2O3 up to 2 mm 
thick single pass.

With no evidence of micro-cracking or 
dross along the cut edge, JK Lasers’ 
range of fibre and Nd:YAG lasers offer 
manufacturers a viable alternative to tra-
ditional processing techniques.

Contact: Mark Greenwood 
E: sales@jklasers.com 
W: www.jklasers.com

Another CO2 marking product
Thinklaser Limited, a key supplier in the 
laser marking and engraving market, 
has entered the CO2 systems market 
with the launch of a range of Lightwriter 
laser markers. Working in co-operation 
with Laser Lines, Thinklaser's Lightwriter 
Class 1 marking products utilise Synrad 
25-40 watt CO2 tubes. 

As with all Thinklaser products the Class 
1 chassis is designed to provide manu-
facturing with choices of power output 
and process area, for standalone opera-
tion or integration into a production line.

Phil Harris, project design engineer 
with Thinklaser said, "Co-operation 
with Laser Lines gives us access to 
one of the world’s most successful CO2 
sources. We are confident that its repu-
tation and performance will make our 
LightWriter products very attractive to 
the marking and engraving markets."

Thinklaser has been providing laser 
marking solutions for over 10 years and 
has gained a reputation for combining 
cost effective engineering with clever 
processing techniques. 

Contact: Adrian Norton 
E: info@thinklaser.com 
W: www.thinklaser.com

Standing the heat: laser processing alumina ceramic

a b

c d

(a) cut edge in 1 mm alumina ceramic (96%), 
300 mm/min, air assist gas; (b) Trepanned hole 
(0.5 mm dia), 0.6 mm alumina ceramic (99.7%), 
200 mm/min, air assist gas; (c) cut edge in 
1.2 mm alumina ceramic (96%), 250 mm/min, air 
assist gas; (d) Cut in 0.5 mm alumina ceramic 
(99.7%), 65 0mm/min, air assist.
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Complimenting 
waterjet and  
plasma cutting 

Luffman Engineering 
Ltd, a CNC profile 
cutting specialist, 
has installed a new 
Salvagnini L3 Fibre 
laser at its manufac-
turing headquarters in Tiverton, Devon. 
The 3 kW L3 is the first of Salvagnini’s 
second generation of machines, 
designed exclusively to work with fibre 
laser technology.

Due to the absence of a free space 
optical path, the patented airplane-type 
carriage structure has been lightened 
considerably. This, together with a total-
ly redesigned cutting head, has further 
improved the dynamics of the machine, 
the result of which is faster axis speeds 
with reduced energy consumption. 

Complementing the company’s waterjet 
and plasma cutting systems, Luffman 

Engineering acquired the Salvagnini L3 
to replace a 3 kW CO2 laser cutter. The 
L3 is rated to cut 20 mm mild steel, 
12 mm stainless steel and 10 mm alu-
minium, as well as offering copper and 
brass cutting capabilities.

Salvagnini has now sold over 200 fibre 
laser machines worldwide and can sup-
ply 2kW or 3kW sources with many 
automation options, including linking 
to Salvagnini automated panel benders 
and robotic bending cells.

Contact: Steve Williams 
E: steve.williams@salvagninigroup.com 
W: www.salvagninigroup.com

EasyCLAD® MAGIC LF6000

The EasyCLAD® MAGIC LF6000 is a 
new laser additive manufacturing solu-
tion designed by IREPA LASER, mainly 
for the construction of parts for the aero-
space and aircraft industry. The tech-
nique, which is based on the CLAD® 
process developed by IREPA LASER, 
makes it possible to directly manufacture 
functional parts without resorting to cast-
ing moulds, dies, polluting and energy 
inefficient processes.

The CLAD® process involves the deposi-
tion of successive layers of laser melted 
powders to create dense homogeneous 
metallic parts of well controlled dimen-
sions. With speeds of 8 to 50 mm3/s, 
manufacturing possibilities range from 
the entire construction of functional parts 
to the repair of complex parts 

With its two CLAD® nozzles, the LF6000 
features high dynamic performances 
and 5 continuous axes of movement. 
The whole is integrated in a gas enclo-
sure with controlled atmosphere for the 
protection of alloys and metals reactive 
to O2 and H2O. The 8 m3 volume of the 
enclosure enables the construction of 
parts up to Ø 600 mm x L. 1000 mm.

Coupled with PowerCLAD® software, 
manufacturing trajectories and ISO pro-
grammes are entirely generated from 
source files (ProE, Catia, SolidWorks …) 
or standard files (STEP, IGES …) in man-
ufacturing or reconstruction mode.

Contact: Nicolas Villedary  
E: contact@easyclad.com  
W: www.easyclad.com

CASE STUDY

Concept Laser’s Mlab cusing systems 
are being used by Laufer Zahntechnik 
GmbH of Mannheim, Germany to create 
dentures more quickly and at half the 
cost of items produced using the tradi-
tional milling process.

Most dental restorations are produced 
using conventional techniques such as 
mould-based casting or milling. These 
manufacturing methods have weak-
nesses in terms of quality, fabrication 
time and cost, approximately $26 for 
a unit produced by milling. Using the 
LaserCUSING® process however, 
Laufer Zahntechnik is able to offer the 
same denture for half the cost.

Laufer use their Mlab cusing systems in 
conjunction with CAMbridge software, 
which allows automatic support genera-
tion and positioning of the crowns and 
bridges on the build plate. With fully 
automatic generative fabrication, on 
average 80 units are produced simul-
taneously on a single build plate each 
day. The enormous cost advantages 

of this method lie in the batch size and 
reduced labour costs. 

Fully automatic fabrication, which runs 
overnight, not only reduces production 
time itself, but also offers an enormous 
saving in terms of time for dentists as 
service partners: The dentist can take 
an impression of the patient in the 
morning and send it to the laboratory. 
At Laufer the associated plaster-cast 
model is created and scanned in, and 
the denture is designed. Towards the 
end of the working day, the build is 
started on the Mlab cusing machine. 
Fabrication then takes place fully auto-
matically overnight. The next morning 
the denture parts are subjected to heat 
treatment at Laufer and then detached 
from the build plate. After some finish-
ing and veneer processes, dentists 
will have the dentures ready for their 
patients in the space of just two days.

UK Contact: Colin Cater 
E: c.cater@estechnology.co.uk 
W; www.estechnology.co.uk

Examples of the CLAD® process: (a) Stainless 
steel aircraft air pipe; (b) Repair of worn parts for 
aeronautics; (c) Work on a machined part

a b c

LaserCUSING® reduces time and halves costs in denture production
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The use of lasers for jewellery manu-
facture and repair is fast becoming a 
matter of routine rather than the excep-
tion, as forward thinking designers and 
jewellers continue to take advantage of 
the many benefits that the technology 
brings to the industry.

However, away from the mainstream 
use of lasers for precious metal jewel-
lery manufacture, artist David Poston 
continues to draw inspiration from the 
technology, breaking new ground in the 
way in which he uses his Rofin StarWeld 
laser to produce a diverse collection of 
stunning rings, bracelets and necklaces.

David’s work is primarily based upon 
the use of stainless steel and titanium, 

metals normally associated with the 
aerospace industry, with only small 
amounts of precious metals used as 
embellishment on the finished piece. 
David’s choice of materials reflects a 
desire to provide not only a visually 
attractive piece, but also a tactile expe-
rience, with a wide range of different 
metals, fabrics, and glass beads used in 
the production of an item.

The intricate and delicate nature of 
many of David’s designs reflects his 
depth of knowledge and expertise in the 
use of the laser for welding and joining. 
The seemingly limitless capabilities of 
the laser in David’s hands, provides the 
inspiration for ever more elaborate and 
technically challenging designs. 

This partnership of craftsmanship and 
technology is clearly demonstrated in 
the stainless steel circle bracelet shown, 
where a combination of 1.0, 0.5mm and 
extremely fine 0.24 mm diameter stain-
less steel wires form the design.

The fine focused precision of the laser 
is further demonstrated in the range 
of painted tin bracelets produced by 

David, see figure above. These 3D metal 
pieces have the appearance of being 
solid, yet they are produced by seam 
welding the thin edges of the material 
using the laser. Even on close inspec-
tion there is no scorching or discoloura-
tion on the painted surfaces either side 
of the 1.0 mm wide welded seam.

The inherent flexibility of the laser, com-
bined with his craftsmanship and skill 
has allowed David to turn many of his 
artistic concepts into reality. 

Contact for David and his work 
E: info@davidposton.net   
W: www.davidposton.net

Contact (Rofin): Dave McLellan 
E: sales@rofin-baasel.co.uk 
W: www.rofin.co.uk

CASE STUDY

DHR International, a manufacturer of 
bespoke stainless steel commercial 
kitchens, has recently invested heav-
ily in developing its manufacturing 
processes with the purchase of an 
Amada X1 4kW laser machine pack-
age - including a full automation tower 
storage system with automatic loading/
unloading - from specialist laser sup-
plier, World Machinery.

Having only commenced trading in 
2011, DHR has quickly become a UK 
success story, producing bespoke, high 
quality stainless steel catering equip-
ment, custom-built serveries for the 
fast-paced, highly competitive, catering 
and hospitality sectors. Key to DHR’s 
success is control of its own manufac-
turing processes. To meet tight dead-
lines the company has increased the 
speed and efficiency of production for 
its standard units; and by optimising its 
manufacturing process has been able to 
reduce lead times to its customers.

 “Whilst we recognise that this level of 
expenditure is sizable, given the current 
economic climate, we have an order-

book that warrants this investment. The 
new machine will give us many ben-
efits, including allowing us to increase 
production throughput, whilst also 
improving both the quality of the prod-
uct and the number of products we can 
offer to the market-place,” said DHR’s 
Managing Director, Charles Denton

The Amada machine will be used in the 
manufacture of commercial kitchens, 
a service which DHR International pro-
vides in-house, from development and 
design through to the manufacturing 
and completion of the product, all at its 
premises on the outskirts of Liverpool.

Mr Denton added: “Once we had made 
the decision to make this investment, 
we clearly sought a supplier who was 
able to offer the best deal; we were very 
pleased with the package that World 
Machinery put together. The inclusion 
in the package of the installation of the 
machine, removed many of the prob-
lems we anticipated. It’s still too early 
for us to factor in all the benefits that 
the Amada Laser will bring to DHR, but 
the early signs are extremely promising” 

The Amada X1 laser supplied by World 
Machinery is a 4 kW CO2 cross flow 
machine. The X1 laser is complemented 
by a full automation tower storage sys-
tem plus an automatic pallet changer. 

“We are delighted to be playing a major 
role in helping DHR to increase its pro-
duction and extend its success,” said 
World Machinery MD, Wayne Hipkiss. 
“The laser cutting machines that we 
provide, both new and used, help com-
panies in all industrial sectors to reduce 
their reliance on sub-contract parts, cut 
the number of operations that have to 
be performed on key components, and 
generally increase production, through 
improved throughput.”

Contact: Wayne Hipkiss 
E: sales@worldmc.co.uk 
W: www.worldmc.co.uk

Freedom of expression inspired by light 

Freedom of expression inspired by light 

Intricate stainless steel circle bracelet produced 
using 1.0, 0.5 and 0.24mm diameter wires

Bracelet produced from Iconic brand packaging 
and seam welded using the StarWeld laser
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Nottingham-based TQC Ltd, a provider 
of special purpose, turnkey engineer-
ing solutions, has integrated a Trumpf 
TruMark OEM laser marker into a sys-
tem supplied to a leading manufacturer 
of automotive engine, transmission and 
drive-train components.

The bespoke machine is designed for 
the automatic laser marking and verifi-
cation of parts, a common requirement 
at auto parts manufacturers to ensure 
traceability. This specific machine han-
dles circular automotive components, 
laser marking part number, graphics and 
technical information including timing 
marks and a ‘Grade A’ 2D barcode onto 
external circumferential faces. 

“Although we’ve designed and manu-
factured custom marking systems 
before, this was our first based on 
laser technology,” explains Mark Lees, 
Technical Support Engineer at TQC. 
“Our customer specified Trumpf and we 
were happy to work with such a leading 
name in this field.”

A particular benefit of using the TruMark 
OEM marker is its capability to auto 

adjust focal length during the laser 
marking process. The cycle time is less 
than 30 seconds and components are 
handled via a two-station indexing table 
to allow simultaneous loading/unload-
ing operations to be carried out during 
automatic marking and verification. 

“We are busier than we’ve ever been 
and part of the reason for this is the 
automotive industry, which is boom-
ing at the moment,” says Mr Lees. “We 
are in demand because we can supply 
complete solutions in line with customer 
requirements. This includes design, 
manufacture, testing, commissioning, 
installation and ongoing support.” 

The machine supplied to TQC’s automo-
tive customer comprises location tooling 
that firstly aligns and datums the part. A 
mechanism then engages with the tool-
ing at the marking station to accurately 
lift and rotate the component to allow 
laser marking. Marking is performed in 
segments, with the system interfacing 
the rotary position of the part with the 
laser output. The verification process 
takes place at an offset position and 

uses encoder information of the rotary 
position interfaced with a line scan cam-
era to form a picture of the laser marked 
information, which is then verified by the 
vision software. 

“We’ve had absolutely no issues with 
the Trumpf TruMark technology, either 
regarding integration in the machine or 
since it was installed at our customer’s 
plant,” says Mr. Lees. “In fact, the cli-
ent is so pleased that they now want to 
mark another, different component using 
the same system. This has led to an 
additional order as it necessitates some 
modifications and additions to the exist-
ing hardware and software.”

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

CASE STUDY

Imes GmbH manufactures high-temper-
ature resistant pressure sensors that are 
in the main supplied to manufacturers 
of engines for large ships and static 
engines, generally with power ratings 
from 250 kW to 18 MW. In 2011 sales of 
Imes‘ measuring cells for large gas and 
diesel engines broke every record in 
the company‘s 15-year history and pre-
sented it with the challenge of doubling 
production by the turn of the year. 

The company‘s key product, the HTT-04 
cylindrical pressure sensor (see figure) 
measures pressures up to 300 bar at 
temperatures of up to 300 °C. A tube 
made of stainless steel, which houses 
a thin-fllm technology measuring sen-
sor, has to be screwed into the cylinder 
block. Another tube contains signal 
processing electronics and industry-
standard connectors to connect to the 
engine management system. Multiple 
manufacturing steps require the hermet-
ic sealing of these stainless steel tubes 
containing sensitive electronics. 

Imes had initially used adhesives as 
the joining method, but the joints 

failed to withstand the extreme vibra-
tions encountered during the long 
(10.000 hour average) operation times. 
Subsequently, an external sub-contract 
manufacturer used laser welding. Laser 
welding is ideally suited for precise and 
robust stainless steel joints. In addi-
tion, as parts are processed without any 
application of force and the heat input 
is both low and highly localized, the 
laser is the perfect solution for welding 
sub-assemblies which contain delicate, 
heat-sensitive electronics. 

Early in 2011 Imes decided to bring the 
laser welding in-house, to shorten lead-
times and streamline logistics. With no 
prior experience of laser technology, 
Imes made initial contact with Rofin for 
advice. Rofin‘s application engineers 
quickly developed the optimum laser 
setup and proposed a Select laser 
workstation with an additional rotary 
axis as a perfect solution for this appli-
cation. The Select is both a manual 
welding laser and a high-precision CNC 
system with easy teach-in via a multi-
functional joystick. It also offers enough 
space to cope with the bulky steel-rein-

forced hoses that are already attached 
to one component. The CNC-driven 
rotary axis allows for a fully-automated 
process, ensuring that each and every 
part is welded with the optimum laser 
and feed rate parameters. 

Over a two day period, the engineers at 
Imes learned everything they needed to 
know about daily operation of the sys-
tem together with set up procedures for 
new applications. Full production of the 
HTT-04 sensor with the new in-house 
laser welding system commenced very 
quickly afterwards, resulting in a pro-
duction increase of 20%. 

“We are already welding an additional 
joint with the laser,“ said MD Stefan 
Neumann, "and our new product, which 
we will launch in 2012, features several 
laser welds.“

Contact:  Dave MacLelllan 
E: sales@rofin-baasel.co.uk 
W: www.rofin-baasel.co.uk

CASE STUDY

Laser marking of automotive parts

Laser welding of sensors 
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Prestwood Panels, a leader in sheet 
metal and fabrication manufacturing, 
is benefiting from faster work rates, 
improved throughput and reduced 
costs, since purchasing a refurbished 
Laserblade laser cutting machine and 
state of the art Lantek programming 
system from specialist laser supplier 
World Machinery. The flexibility of the 
Laserblade machine to cut complex 
profiles quickly and at low cost is also 
enabling Prestwood to expand its busi-
ness into new markets, such as auto-
motive and point of sale.

Prestwood Panels, based in 
Wombourne near Wolverhampton, is 
a well established business and one 
that is set to grow substantially since 
its acquisition in August 2011 by new 
owners determined to invest in its 
machine base. “A lot of the manufactur-
ing processes were quite traditional and 
time consuming at the time of our take 
over and we knew that we needed to 
change this situation, both to improve 
competitiveness and take the com-
pany to where we want it to be,” said 
Ashley Johnson, Managing Director of 

Prestwood Panels Ltd (www.prestwood-
panels.co.uk). 

“Our punch processes and program-
ming system were a bottleneck. We 
knew through experience that a better 
way of working was by using laser cut-
ting, so we sought the advice of World 
Machinery.

"We met with Wayne Hipkiss, MD of 
World Machinery. He recommended a 
refurbished second-hand Laserblade 
machine with a 3 x 1.5 m bed and 
the capacity for cutting Aluminium, 
Stainless Steel and Mild Steel up to 
12mm thick, complemented by Lantek 
Expert 1 CAD/CAM programming soft-
ware. This was perfect for what we 
required, especially as the extremely 
attractive package offered by World 
Machine in support of the machine also 
included installation and – crucially – 
local parts and service support. 

"The Lantek platform is a perfect com-
plement to the Laserblade machine, 
speeding up programming time and 
enabling us to get a much better sheet 
utilisation from tight nesting and small 

boarders. The flexibility of the software 
means that we can now program and 
cut many different complex shapes from 
one sheet, making our production much 
more efficient thus complementing our 
ISO9001:2008 quality standard and 
competitive costing system."

“Lantek provides a very flexible and 
powerful solution that is also very easy 
to use and has been proven, time and 
again, to really get the best out of both 
the new and used machines we have 
supplied,” said Wayne Hipkiss. “It is 
one thing to buy the right machine, but 
also vital to make sure it is integrated 
into your production system in order to 
achieve the machine’s full potential.”

Contact: Wayne Hipkiss 
E: sales@worldmc.co.uk 
W: www.worldmc.co.uk

CASE STUDIES

CASE STUDY

Lancashire based Fort Vale Engineering 
is a world leader in the precision manu-
facture of the valves and fittings for 
transportation in the Road Tanker and 
Tank Container industries.

The transportation of gases, powders 
and liquids, whether it is by road, rail, 
sea or air has to be safe. Stringent 
regulations set exacting standards for 
all of the equipment involved, from the 
vehicles themselves right down to the 
fittings on the tank, which is the special-
ist area of Fort Vale Engineering.

Product and component traceability are 
also essential within this industry and 
any markings applied to a part must be 
capable of withstanding the rigours of 
continual use within what can some-
times be extreme environmental condi-
tions.

To meet Fort Vale’s own demanding 
criteria for product marking on a wide 
range of hatchways and inspection cov-
ers, the company turned to laser mark-
ing and machine building specialist ES 
Technology Limited.

Andrew Bryce – Fort Vale’s Director 
for Innovation commented “Having 
researched the market, we found that 
ES had the ideal combination of laser 
source, machine concept and expertise 
to provide a system with the flexibility, 
ergonomics and most of all standard of 
marking which we required”

The ES Technology system is designed 
to handle components up to 600 mm in 
diameter and 500 mm in height. At the 
heart of system is a Rofin PowerLine 
F50 (50 W fibre laser) coupled with a 
swivelling Galvo scanner which provides 
a marking field of 240 x 240 mm. By 
combining the swivelling Galvo head 
concept with a series of programmable 
linear and rotary axes, the system is 
capable of producing marks in multiple 
locations on both the horizontal and 
vertical “neck ring” surfaces of hatch-
ways and covers. 

The laser is used to produce customer 
numbers, part numbers, assembly num-
bers and of course generate the individ-
ual customer logo’s on to the 316 and 
304 series stainless steel components.

The system has also been designed to 
make part loading and unloading both 
simple and ergonomic. A large slid-
ing guard door provides excellent front 
access and also additional access for 
overhead lifting equipment. Once a part 
has been loaded to the rotary table, 
the table is automatically moved to the 
laser marking position using one of the 
machine’s linear axes.

ES Technology is based near Oxford 
and builds special purpose industrial 
laser systems as well as operating a 
laser marking service for decorative, 
functional and identification marks on 
metals, plastics and ceramics.

Contact Tim Millard 
E: sales@estechnology.co.uk 
W: www.estechnology.co.uk

Improved throughput and reduced costs 

Meeting demanding criteria for product marking
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Tiernan Automation in Leicester has 
been using pre-owned laser machines 
from MSS Lasers in Rugby since 2003 
and has recently purchased a nitrogen 
generation plant to support its lat-
est machine. Formed in 1985 Tiernan 
Automation started by producing parts 
mainly for the automotive industry, but 
now the bulk of its work is in the yellow 
goods market, producing fabricated and 
welded assemblies in mild steel up to 
15 mm thick. The company currently 
has three Trumpf lasers, a 4 kW 4 x 2m 
machine and a 3 kW machine, both 
purchased in 2009; and a 6 kW L4050 
machine in 2010. 

The 6 kW and 4 kW laser machines 
both require nitrogen purging of the 
beam path, so Tiernan invested in a 
7 bar low pressure nitrogen generation 
plant from MSS Lasers at the begin-
ning of 2010. David Tiernan explains, 
“Purchasing nitrogen packs for beam 
purging results in a cost of £5/hour, 
while using generated nitrogen costs 
less than £1/hour. We run shifts four or 
five nights per week, so the saving is 
significant. We achieved payback in 18 
months, making this an easy decision. 
Installation was simple, as the whole 
system came on a pallet and took 30 

minutes to set up. Currently we don’t 
have a requirement for cutting with nitro-
gen, but if we did we would have no 
hesitation in upgrading to a high pres-
sure system.”

Tiernan Automation relies on the service 
provided by MSS Lasers. David Tiernan 
concludes, “Pre-owned lasers are 
around half the price of a new machine, 
so it does not make economic sense 
to purchase new when we can get the 
excellent levels of service that MSS 
Lasers supply. Otherwise it would be 
impossible for us to offer our custom-
ers the on-time delivery and quality they 
demand.”

Contact: Neil Jackson 
E: sales@mss-lasers.com 
W: www.mss-lasers.com 

JOB SHOP CORNER

Chairman's report
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Users of Lasers for Profit
An AILU special  interest group

Notes from Captain John
What Ho everyone!

What on earth is going 
on? In my last chair-
man’s report there 
was a fair bit of doom 
and gloom – but 
now things seem to 
be taking a turn for 
the better – is that a 
light at the end of the tunnel? – or is it 
some bastard with a torch bringing bad 
news? 

The fact is that this spring seems to 
have been fairly prosperous for a lot 
of jobshops – last year was the Arab 
spring – and this year it’s the laser 
cutting jobshop’s spring – hurrah! 
Naturally we have no idea how long it 
will go on for – but we can only hope 
that things will continue to improve. 

I have a theory that a lot of the gloomy/
panicky news items about financial 
meltdown are being artificially gener-
ated by that small number of financial 
journalists who found themselves cata-
pulted from page 21 to page 1 of the 
newspapers back in 2008 – they don’t 
want to be driven back into obscurity 
as things get better so they keep rub-
bing ash into their hair and declaiming 
that doom is just around the corner. 

This sort of behaviour was all very well 
in ancient Greece – and is probably 
perfectly appropriate in modern day 
Greece as well – but as far as laser 
cutting in the UK is concerned I think 
the bad times finished on or around my 
birthday (6th of March for those of you 
who are still wondering when to send 
your presents off). 

I always said things would get better 
after my birthday – in fact I’ve been 
saying it for about 4 years now – but 
this time it might actually be true.

John Powell

P.S. Put 23 October in your diary 
NOW! It's the date of the annual AILU 
job shop business meeting and this 
year it's been held at JCB and ends 
with a tour of the production line.

jpowell@laserexp.co.uk

A £1.6M investment in state-of-the-art 
Bystronic laser cutting and press brake 
machinery is the latest development 
in the growth of Midtherm Laser from 
its roots as a small subcontractor to 
becoming one of the largest laser cutting 
operations in the UK.  

“2012 is going be a very exciting year 
for the company," said David Wheatley, 
Midtherm Laser’s sales manager. “We 
have listened to feedback from the 
market place and adapted the way we 
work to suit. This includes investment in 
machines and estimation software from 
IP Laser, which has already significantly 
reduced the time it takes for us to sub-
mit a quotation".

Integral to the latest expansion has been 
the acquisition of the latest Bystronic 
machines.  Among the three was one of 
the first Bystronic 3 kW fibre lasers to 
be sold in the UK and this will operate in 
tandem with a new 6 kW CO2 laser. The 
combination of the high power 6 kW 
machine for cutting thick and thin met-
als, plus the ultra-high speed cutting 
ability of thin material with the fibre laser 
will give Midtherm distinct advantages. 
The fibre machine also offers improve-
ments when cutting brass and copper 

which, combined with the low cost of 
operation, was another deciding factor 
in Midtherm's purchase. A further 4 x 2m 
Bystar Laser was also ordered 

Investment has not been confined to 
hardware and premises.  As operations 
director Dean Cockayne explains, "We 
are in the process of recruiting person-
nel for the new roles that the expansion 
has created. We are already running 
24 hours a day with a Saturday and a 
Sunday morning shift. In June when 
the project is completed, we need to 
continue running around the clock and 
need to make sure that we have enough 
trained staff in place to have an efficient 
transition".

Contact: Dave Larcombe 
E: david.larcombe@bystronic.com 
W: www.bystronic.com
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MSS Lasers makes economic sense for Tiernan Automation



The Laser User       Issue 66, Spring 2012

JOB SHOP CORNER

Staffordshire based laser cutting special-
ist Laser Process is enjoying impressive 
growth so far in 2012 as a direct conse-
quence of diversification and a buoyant 
Midland manufacturing sector.

The company has hit the £5 million turn-
over mark for the first time in it's history, 
after securing a healthy amount of repeat 
business from some of the region’s larg-
est manufacturers and an increasing 
number of new customers.

Managing Director David Lindsey says: 
“Business is buoyant now. Manufacturing 
in general seems to be enjoying a resur-
gence in the West Midlands; it's a great 
region to be in manufacturing at the 
moment and all the talk is quite positive”.

The tough economic climate in recent 
years encouraged Laser Process to 
diversify, which led to a lucrative con-
tract to produce 240 life-size statues for 
installation in their respective local areas, 
along Britain’s footpaths and cycle ways 
as part of the project led by transport 
charity Sustrans.  

“Sustrans are focused on improving the 
UK’s cycle ways and footpaths and a 
certain amount of money is set aside for 

what they call portrait benches that fea-
ture the statues, " said Dave. "The com-
mission represents a significant contract 
and exposure of our skills nationwide.” 

Another public art project the company 
was involved with was the creation 
of a stainless steel statue in Lichfield 
to commemorate Erasmus Darwin, a 
renowned scholar and grandfather of 
Charles Darwin. The work, which was 
officially unveiled in May, was one which 
held particular resonance for David. “I 
was born in Lichfield so it’s particularly 
nice to be involved in something like that 
happening in your home town” he said.

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

sales@jklasers.com

Tel: +44 (0) 1788 517800 | Fax: +44 (0) 1788 532605 
Email:  sales@jklasers.com | Web: www.jklasers.com

The new JK2000FL from JK Lasers offers exceptional levels of power and 
control for a wide range of industrial welding and cutting applications.

Excellent beam quality 
Patented back reflected protection

Integrated FiberView™ software
Fast modulation and pulse shaping

Customisable pulse shaping
Multiple delivery fibre options 

Range of processing tools for welding and cutting
High reliability, low maintenance

Powerful. The new 
2kW Fiber Laser

Welding Cutting Drilling

Sheet metal cutting | Hydroform cutting | Tailored blank welding | Component welding
Remote welding | High speed cutting | Thick section welding | Cladding 

JK   LasersTM

A GSI Group Company

www.jklasers.com
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Darwin statue erected in Lichfield

Evidence of resurgence in Midlands Manufacturing

Job Shop 2012
JCB World Headquarters 

Rocester, Staffs
The annual business meeting for the 

laser subcontract community 

Tuesday 23 October
Make a note in your diary NOW!

Further details to follow

Job shop committee touring the Cirrus Laser 
factory after a recent meeting: (l to r) Tom 
Mongan (Subcon Laser Cutting); Charles Dean 
(Fimark); John Powell (Laser Expertise);  
Dave Connaway (Cirrus Laser); Mark Millar 
(Essex Laser Job Shop); Dean Cockayne 
(Midtherm Laser); Dave Lindsey (Laser Process), 
John Bishop (founder member)
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Cutting Technologies was start-
ed in 2003 with a Bystronic 
Bysprint 3kw. We chose a 

Bystronic laser as we’d had experi-
ence of several different machines 
and had found Bystronic equipment, 
and just as importantly its service 
quality, to be the best. About a year 
later we installed another Bystronic 
laser and ran both to capacity until 
just before the recession when we 
thought it was time to buy another. 

Then the recession came and that 
scuppered any plans we had for a new 
machine. Finally in 2011 after an ardu-
ous journey out of the mire we decided 
it was time to put our plans back on 
track and we ordered a new Bystronic 
Bysprint Pro 4.4 kW (I’ll say at this stage 
we like Bysprint machines; we feel 
they’re the best design for a job shop). 
We’ve been running the new machine 
alongside the older lasers for about a 
year now, and this is our impression.

• Compared to the older machines the 
new laser looks really impressive - 
it’s a “go faster” version with lovely 
curves and a swish paint job; and it 
impresses visitors which is important.

• The new operating system looks 10 
years newer with some excellent new 
features; it’s easier to use. However 
it has been “dumbed down” a little 
and operators complain that it's more 
difficult to access some advanced 
features (our operators like to fiddle).

• The machine is quicker than the older 
lasers. Not only does it cut quicker - 
it has a more powerful laser source 
- but it also starts more quickly, loads 
programmes more efficiently and is 
generally faster to use; which is very 
important.

• The new piercing technology is a joy. 
The older lasers basically could only 
cut a hole of the same diameter as 
the material thickness. The new laser 
allows us to cut 6 mm diameter holes 
in 15 mm thick steel for example - 
this has made selling much easier as 
we’re not forever talking to the cus-
tomer asking if they’ll accept a spot-
marked hole centre.

• The cut quality appears better. This 
may be a subjective thing but the 
edge quality appears better across all 
materials.

• It is more energy efficient. It uses less 
power per kW generated than the 
older lasers so costs a little less to 
run, which is very important in view of 
the electricity costs going through the 
roof.

• It uses a combined lasing gas rather 
than 3 individual cylinders which 
seems more cost effective and reduc-
es cylinder change time.

• Compared to the clanky mechani-
cal switches etc in the older lasers, 
the new laser seems almost solid 
state. Our experience has been that 
the mechanical switches have a 
tendency to fail so we’re hoping for 
an improved up-time with the new 
machine.

• It didn’t cost a lot more to buy than 
our first laser, and with interest rates 
so low at the moment we’re probably 
paying less overall.

• It doesn’t feel as well built as the 
older lasers - we’re therefore not sure 
it will be running as well as our first 
Bysprint is when it’s 10 years old.

• We don’t feel its extra speed allows 
us to sell our services any easier - we 
don’t feel any more competitive than 
we were before, other than having the 
extra capacity.

• Installation wasn’t as smooth as it 
was for our earlier lasers - we had 
quite a few niggling issues that just 
didn’t arise in the past. Some of the 
issues appear to be continuing (we’re 
just having to have a new chiller fitted 
due to faulty parts).

• There were 2 design issues that were 
real health and safety risks concern-
ing a missing rear guard and doors 
that allowed the laser beam to exit 
the machine. This was a real concern 
as although it was fixed it was some-
thing we had not expected it on such 
an expensive machine.

Overall, we’re happy with the machine. 
In particular, the new piercing technol-
ogy, the new software and the general 
improvement in cut quality are signifi-
cant advantages. We’re a little worried 
that the new machine may not be as 
solid and reliable as the older ones we 
have - we hope it proves us wrong. 

For anyone considering adding to their 
laser capacity we feel there’s enough 
advantage in the latest technology to 
consider a new machine rather than 
looking at an older refurbished machine. 
The only proviso is: Don’t expect the 
new machine to make you a massive 
amount of extra money compared to an 
older one!

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

Old or New: A comparison of an 8 year old  
machine with a new one

Martin Cook
Cutting Technologies Ltd,  Barnsley
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In April 2010 I attended a Trumpf 
Open House at Ditzingen in 
Germany with the intention of 

viewing the Liftmaster Compact for 
integration with our existing 3030 
with a 3.2 kW CO2 laser. On show 
were punches with automation, 5 
axis, press brakes, 6 kW lasers and 
the Liftmaster Compact. There was 
a 5030fibre, hidden in a corner of the 
showroom and attracting a surpris-
ingly small number of visitors. In my 
view it was the star of the show.

The technician driving the 5030fibre 
pointed out its smaller footprint, the 
higher cutting speed and absence of 
lasing gases. It offered a performance 
comparable to a 5 kW CO2 but using 
less than half the input power, and with 
linear drives, new faster change tables 
this was the alternative I'd been looking 
for!

After lunch we had a presentation of 
the 5030fibre attributes and by 4 pm I 
had shaken hands on both a 5030fibre 
and Liftmaster Compact deal with Scott 
Simpson, now MD at Trumpf UK, and 
committed Cirrus Laser to a £600k 
investment; something very scary for 
a small company! In November 2010 I 
travelled to Ditzingen to test the produc-
tion version of the 5030fibre, which now 
included a nozzle changer, and it finally 
arrived in April 2011.

Lombard were our new financial back-
ers with a £545K operating lease, with 
5 years warranty and servicing. To 
satisfy our insurers for lights-out opera-
tion, a fire extinguishing system had to 
be added to the extractor. The biggest 
problems we had were to do with the 
integration to the Liftmaster Compact, 
which had already been installed. By 
the end of April 2011 we were running 
the 5030fibre, the first UK customer 
installation in full production mode with 
automation, and after 12 months we are 
confident we made the right decisions.

So what are the advantages? 
The single cutting head, which can only 
be opened up in a clean laboratory 
environment and is integrated to the 
delivery fibre at the manufacturing stage 
has a protective quartz window that 
machine operators can clean or replace. 
The assist gases enters the nozzle just 

below the window and because the cav-
ity is so small it takes a much shorter 
period to purge than our CO2 machines 
when starting production or changing 
between assist gases. In 12 months 
usage we have purchased 6 windows 
at £70 each and still have 1 in stock so 
its relatively cheap to run and unlike our 
CO2 machines there is no need for lens 
cleaning. Tape shots for nozzle align-
ment are only needed very occasionally 
(perhaps twice a week) compared to at 
least once a day for our CO2 machines. 

Start up of the laser is very quick, typi-
cally 5 seconds from cold, and it will 
cut 15 mm thick aluminium immediately. 
The laser has a sealed heat exchanger 
cooled from a single small chiller. 
Servicing takes one day per year for the 
whole machine compared to 2 x 2 day 
services for our Trumpf CO2 lasers. The 
laser cuts thin materials faster than an 
equivalent 5 kW CO2 laser: 1 mm thick 
mild steel, zintec and stainless steel 
between 30 to 34 m/min, 1 mm alumini-
um at 20 m/min (and 60 m/min with high 
speed cutting), 1 mm copper and brass 
at 20 m/min – stunning! Unlike CO2, 
the 5030fibre keeps cutting on sharp 
corners so there is no need for looped 
paths or rounding radii.

Our Trumpf 5030fibre has a 3 kW disk 
laser and we regularly use it to cut all 
mild steel up to and including 15 mm 
thick with both nitrogen and oxygen: 
4mm with nitrogen assist at 4 m/min  
(cf 3.8 m/min with 5 kW CO2), 6 mm 
with oxygen assist at 2.8 m/min (cf 3.3 
m/min with 5 kW CO2). But with the 
5030fibre - Liftmaster Compact combi-
nation we can cut on a continual pro-
duction basis with no need for human 
intervention: the machine changes and 
cleans the nozzle tip and the operator 
stays at the unloading station of the 
Liftmaster Compact to remove parts and 
skeleton. We have even installed a new 
VMC (vertical machining centre) next to 
the 5030fibre to directly transfer proc-
essed parts for secondary operations.

Operating costs have been signifi-
cantly lowered, more than anticipated. 
By replacing a 3.2 kW CO2 with the 
5030fibre machine, electricity costs are 
down 20 to 30%, laser gases are not 
needed, there have been no cutting 

lenses or mirrors to replace and con-
sumables for the one annual service are 
limited to a few filters.

On the downside: 

• Trumpf had set a lot of the technology 
tables with Ø2.7mm nozzle tips, and it 
was costing a fortune in liquid N2 and 
O2. Over the past 12 months we have 
changed most of the tables and we 
now generally cut with a Ø2mm noz-
zle tip or smaller.

• The cut edge quality with stainless 
steel from 4 to 8 mm thickness is not 
as good as with a CO2 laser, which 
we still use in order to maintain our 
quality standards. 

• The vinyl coating on currently avail-
able stainless steel cannot be vapor-
ised and has to be removed before 
cutting. A new coating suitable for 
both CO2 and disk/fibre lasers is 
available but it will take time before 
stainless steel stockholders work 
through their old coating stock. 

• Table slats and nozzle tips have a 
shorter life than with a CO2 laser.  

• During the cold winter months we had 
problems starting the machine from 
cold on Monday mornings. Before 
next winter we will fit a heater with 
timer to the laser chiller. 

• When cutting aluminium above 3 mm 
thick the CO2 laser produces dross 
that is soft and easy to remove, but 
the 5030fibre dross is harder and 
more difficult to remove. 

To conclude, the 5030fibre has per-
formed to our full expectations. It is 
cheaper to run than CO2, faster up to 5 
mm thickness, the start-up is quick and 
warm-up's are not necessary. Servicing 
and repair costs are minimal and, apart 
from some initial software issues we 
have not had any major problems. 

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

JOB SHOP CORNER

Living with a Trumpf 5030fibre: One year on
Dave Connaway

Cirrus Laser, Burgess Hill, W Sussex
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Lasermet are world leaders in laser safe-
ty products. To what do you owe your 
success?
In the early years our success was built 
on the reputation of my father, Prof Bryan 
Tozer, one of the worlds’ leading experts 
in laser safety and our willingness to 
continually expand Lasermet's range of 
products and services to encompass all 
aspects of laser safety. Nowadays it is 
all about having the right team of people 
and a desire to produce and bring to 
market high quality and innovative prod-
ucts. We are always seeking to design 
new products associated with our exist-
ing range and to upgrade and improve 
existing designs.

What is driving improvements in laser 
safety in the UK? Is it EU Directives, HSE 
demands, or fears of litigation (should a 
laser injury occur)?
I believe the major driver is product inno-
vation by laser safety companies includ-
ing Lasermet and the desire by most 
laser users to work to best practice. Fear 
of litigation is there in the background 
but I don’t think it is the primary driver. 
EU Standards and Guidelines establish 
best practice and thereby create a mar-
ket for safety products. But what can 
be reasonably achieved by the user is 
very much dependent on the products 
available. An example of this is our 
ICS series of laser room door interlock 
systems. When we brought out the 
ICS-1 in 1996 it was the first dedicated 
laser interlock system to conform to 
Machinery Directive standards (EN 954-1 
now superceded by EN 13849-1). Prior 
to this, most laser users either didn’t 
interlock or made their own system, the 
vast majority of which didn’t comply, 
with some notable exceptions. Once 
the ICS-1 was seen by laser users, they 
were largely driven by their own desire to 
work to best practice and the knowledge 
that they could purchase an off the shelf 
turn-key system. Subsequent systems 
have offered improvements in useability 
and well over 1000 units have been sold 
to date. Enforcement of workplace safety 
by the HSE is also important.

Laser safety is still a significant deter-
rent to the uptake of laser technology by 
industry. What message would you like 
to give UK industry?
In the vast majority of cases the cost 
of safety measures is small in com-
parison to cost of the laser equipment 
itself. There can be a hassle / fear of the 
unknown factor.  We’ve always taken 
the approach of trying to take the hassle 
away from the customer by offering a full 
turn-key solution, thus allowing them to 
get on with their laser work. There’s no 
reason not to embrace laser technology 
on the grounds of safety. Just make sure 
that it is planned in from the start of the 
project and not tacked on to the end.

How do you rate laser safety in the UK in 
terms of the user guide TR 60825-14? In 
your experience how does the UK com-
pare with mainland Europe?
I don’t pretend to have a great deal of 
comparative experience in this context 
but it is my impression that the UK is 
one of the leaders in laser safety prac-
tice. Most new build and refurbished 
laboratories are fitted with the correct 
interlocking, guarding and signage these 
days and old labs are generally being 
upgraded. We’ve recently heard reports 
of governmental safety bodies in other 
European countries targeting laser users 
for safety inspections in an effort to 
enforce best laser safety practice.

In your opinion should LSOs have to 
pass a recognised examination, and if so 
what form do you think it should take?
This is a thorny issue that has been 
around for over 20 years without reso-
lution, perhaps for good reason. My 
answer would be ‘No’, because I can’t 
see a way of making it work satisfacto-
rily.  The required knowledge of an LSO 
responsible for 1 kW CO2 laser machine 
in a workshop that is always used in the 
same way to do the same type of work 
will be much less than that of an LSO 
responsible for a research laboratory in 
which several different types of Class 4 
lasers are used for a range of applica-
tions. The training needed for safe use 
of the CO2 laser machine will largely be 

limited to providing an awareness of 
the hazards associated with the proc-
ess and to attempt to broaden this to 
address the complexity of safety issues 
that can arise in a laser research labora-
tory would be impractical and probably 
not even helpful even were it workable. 
I think it is sufficient to say that the LSO 
should have the required knowledge and 
ability to do their job and that a part of 
that ability is to enforce a safe system of 
work, something that cannot be meas-
ured in an examination anyway.

What training in laser radiation safety 
do you feel is required in the context of 
industrial laser process machine users? 
What do you see as the main hazard for 
laser machine operators?
Most industrial laser machine users are 
operating Class 1 systems, or at least 
they should be. As such you could argue 
that they don’t need laser safety training 
for normal operation.  However, some 
laser hazard awareness training would 
be sensible, outlining the hazards from 
laser radiation and associated hazards.  
Over and above this the operative must 
be trained in the safe system of work for 
the machine they are operating.

As a Class 1 system there shouldn’t 
be a direct laser radiation hazard and 
fire, explosion and fume are probably 
greater hazards. However, these should 
also have been mitigated by ventilation, 
extraction and fire suppression systems.

One recent trend which we will no doubt 
be seeing a lot more of is robot delivery 
of multikilowatt laser power. As these 
powers threaten the ability of the enclo-
sures to contain the laser beam in the 
event of it missing its target (or the target 
not being there), constant vigilance on 
the part of the operative may not be suf-
ficient and an active guarding enclosure 
may be needed.

The laser safety business
Interview with Paul Tozer
Managing Director of Lasermet Ltd

As Lasermet celebrates its 25th anniversary, its managing director  
addresses some of the current issues in laser safety

The AILU INTERVIEW
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Do you often come into contact with 
non-compliant laser machines? What 
can be done?
The worst offenders I come across in 
this regard are cheap imports, largely 
from China, for the cosmetic market; 
purchased via Ebay or similar outlets.  
In this respect I think the UK manufac-
turers and distributors of better quality 
systems for the cosmetics market have 
rather shot themselves in the foot by 
supporting the deregulation of Cosmetic 
Laser Clinics. By removing the regulation 
of the CQC, who always carried out an 
inspection and would not accept non-
compliant lasers, this has removed what 
was in effect the only serious barrier to 
the uptake of these systems in the UK.

What do you say to people who use off 
the shelf common materials instead of 
laser rated guarding?
That’s fine if they are prepared: (a) to 
take the responsibility for specifying the 
material themselves; (b) keep a record 
of their rationale; and (c) gain their 
employer's approval for them to do this.  
However, increasingly organisations and 
individuals prefer to have a profession-
ally made and certified product. Some 
years ago I was asked to provide a small 
laser blocking curtain to protect against 
a low power infra red laser. I advised the 
client that the power was so low that a 
piece of paper would be adequate to 
stop the beam. However they bought 
the laser curtain because their employer 
required a certified product.

How does laser safety in the industrial 
field compare with that in the medical 
field?
In the medical field the possibility of 
enclosing the laser does not exist so 
most laser procedures are carried out in 
a Class 4 environment with all persons 
present using safety eyewear.  Also in 
the operating theatre environment there 
will typically be 4 – 6 people present 
with a number of different entrance 
doors and the laser process is only one 
of a number of different processes tak-
ing place. There may also be several 
different laser types used in the theatre 
(at different times) each requiring its own 
specific eyewear.  Such factors tend to 
make the risk of an ocular laser injury 
occurring in medical field much greater 
than in the industrial field; which is I 
think, borne out by the statistics on laser 
accidents.

E: paul@lasermet.com

Visibility is a word I have found 
myself using a lot this year. It 
is something that is crucial for 

the success of any Association and, 
by association, its members. 

The first five months of this year 
have been some of the busiest I have 
known, both in my day job in the 
research institute and also in my work 
for AILU. And a lot of the effort for 
AILU has been aimed at increasing its 
visibility and that of its members, with 
two events this last quarter being espe-
cially worthy of note - a UK strategy 
workshop the Farnham Castle, Surrey, 
in February, and MACH2012 in April. 

The Farnham Castle workshop was 
residential. It was organised by the 
Department of Business, Innovation 
and Skills, led by the Photonics 
Leadership Group and had significant 
input from the ESPKTN and, as ever, 
Mike Green and the AILU staff. The 
meeting proved that we have support-
ers in the BIS and that AILU is regard-
ed as the representative of the laser 
materials processing (LMP) community: 
And at the event we were strongly 
encouraged to develop and strengthen 
this identity. 

Three key actions were agreed at the 
workshop: (i) production of a roadmap 
for LMP in the UK; (ii) development of 
activities to promote LMP to manu-
facturing industry; and (iii) proposal of 
an initiative to focus LMP R&D efforts 
in the UK, particularly in the mid-TRL 
area. [The latter is important as it 
became clear during the meeting, and 
was subsequently confirmed, that there 
would not be a Photonics CATAPULT 
(aka Technology Innovation Centre). So 
much for all our hard work last year!]

In April, AILU was present at the MACH 
2012 exhibition at the NEC and for 
the first time ever this was a pavilion 
stand area, a cluster of some 14 AILU 
member exhibitors. Over the area a big 
banner identified this part of the show 
as "Association of Laser Users": Now 
that's visibility! 

The pavilion was well received by the 
exhibiting members (see survey results 
on p1) and encouraged a number of 
companies to join AILU. These mem-
bers are welcomed as we continue to 
recover from the membership losses 
caused by the global financial crash of 
2008/9. 

In addition to these 
two events, we held a 
very successful work-
shop on additive man-
ufacturing in conjunc-
tion with the Materials 
KTN, the Additive 
Manufacturing 
Association and the Institute of 
Materials, Minerals and Mining. Led 
and organised by Rob Scudamore, 
Chair of the AM Special Interest Group 
within AILU, the workshop attracted 
75 attendees to the prestigious 
Manufacturing Technology Centre in 
Ansty, near Coventry. (See report on 
p39)

Additive manufacturing is a key tech-
nology for the present as well as for 
the future and AILU must be seen to 
be one of its leaders In promoting 
this technology. To this end, I recently 
attended the AGM of the Materials 
KTN in London and opened a session 
on Additive Manufacturing. I stated 
my belief that laser technology has 
been key to the development of addi-
tive manufacturing and that AILU has a 
right to claim additive manufacturing as 
one of its members' key contributions 
to modern high value manufacturing 
technology. 

The promotion of AILU continues with 
Neil Main and myself going to LASYS 
in early June to man an AILU stand, 
promoting the association and its 
members. Ultimately I would like AILU 
to have a pavilion stand for our mem-
bers in future European exhibitions.

But perhaps the most visible event on 
the horizon for AILU is ILAS 2013, next 
March in Nottingham. The ILAS sympo-
sia are becoming an important flagship 
for AILU and its members. But, like 
AILU workshops, it has also become 
an important income generation activity 
for AILU, and this must not be forgot-
ten. For, whilst the additive manufac-
turing workshop was undoubtedly a 
success, we have been having less 
success with other workshops. These 
are the most visible aspect of the asso-
ciation, and we need to work harder to 
make them busy, vibrant and attractive 
to members and non members alike. 

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

PRESIDENT'S MESSAGE
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In was over a few cups of coffee shared 
between Dean Carpenter (Laserite) and 
Andy Toms (TLM Laser), neighbouring 
stand holders in the AILU pavilion 
at MACH 2012, that the seeds of a 
potential new safety initiative were 
born. Like many in the laser community 
[see, for example, the piece by Martin 
Sharp 'Laser processing in schools 
and colleges' in Issue 65], Dean and 
Andy were concerned about the 
proliferation of unsafe (and often though 
by no means always, low cost) laser 
processing machines, especially when 
they get into the hands of users who 
are largely unaware of the hazards these 
machines can present. They would like 
to see AILU address this matter, or at 
least provide the focus for those who 
share such concerns to see what can be 
done to get the message out to those 
selling and buying noncompliant laser 
materials processing machines.

Compliance requirements
Any laser processing machine put into 
service inside the EU has to be CE 
compliant, including in particular laser 
machines imported from outside the EU. 
Anyone selling or building a machine 
outside of the EU can claim to be CE 
compliant but it is the European importer 
or the manufacturer's representative 
within the EU who is responsible for 
declaring the product as CE compliant 
and producing a Declaration of 
Conformity certificate. 

Compliance for laser machines includes 
meeting the requirements of the 
Machinery Directive 2006/42/EC series 
and the EMC Directive 2004/108/EC as 
a minimum. As part of this process there 
are harmonised standards to be met, 
including BS EN 60825-1 'Equipment 
classification and requirements' and BS 
EN ISO 11553-1 'Safety of machinery 
- Laser processing machines -- Part 
1: General safety requirements', and 
others. The Declaration of Conformity 
certificate must clearly state the 
standards that the product is claiming to 
comply with. 

A key point about the compliance 
process is that a manufacturer or EU 
importer can, wilfully or in ignorance, 
claim that a product is CE compliant. It 

is up to purchasers to satisfy themselves 
on that point, though if there is a serious 
complaint or accident involving a product 
then government agencies, the Health 
and Safety Executive and/or Trading 
Standards may take action. 

The fume hazard
The most obvious hazards posed by a 
laser materials processing machines are 
generally the laser beam, mechanical 
and electrical hazards and the machine 
design should isolate these hazards 
from the machine operator in normal 
operation. There are other hazards too, 
depending on the machine design, the 
laser type, the laser process and the 
materials being processed but the most 
persistent and potentially hazardous to 
health is the fume hazard:

i. The nature of the fume, in particular 
the quantity and potential toxicity of 
the fume components depends on 
the material being processed, which 
is under the control of the user; 

ii. Machines are often imported 
without fume extraction, leaving it 
up to the importer or end user to 
provide this; 

iii. An underpowered extractor and 
poor local extraction design (air 
flow in as well as suction), leading 
to an accumulation of particulate 
(dust) inside the machine that is 
released into the workplace during 
maintenance and servicing and that 
can present a fire/ explosion hazard 
in combination with  the laser beam.

So it is, that through a combination 
of ignorance and cost saving, those 
involved in laser safety come across all 
too many cases of fume extraction that 
is badly designed and/or underpowered, 
and thereby presenting a long term risk 
to the health of the machine operator.

The challenge for importers
The key points for importers are: (i) if an 
EU supplier imports potentially unsafe 
products, they carry the same legal risks 
as if they were the manufacturer, and (ii) 
It is not enough for the importer to ask 
the overseas manufacturer for certifi-
cates of compliance to their country’s 
regulations. 

Importers should bear in mind that dis-
honest exporters can fabricate whatever 
paperwork they want and a real test 
certificate may not apply to the actual 
goods (i.e. made in the same workshop, 
and out of the same components); also 
that unless the importer has a contract 
that is enforceable in the country of ori-
gin then the manufacturer may be at no 
legal risk when selling products bearing 
marks that are intended only to deceive 
consumers. The 'China Export' label is 
one such example.

If the product proves to be noncompliant 
when it arrives into the UK then the 
responsible importer will ensure that it is 
made compliant before it ends up in the 
customers hands. Sadly, it seems that a 
significant amount of the non compliant 
laser processing machines ends up with 
the end user without being brought into 
compliance. 

The challenge for laser users
Through web portals anyone can 
import low cost equipment and a 
trend is growing for people jumping on 
the bandwagon insofar as lasers are 
concerned.

The main challenge for users goes well 
beyond laser machines, to attitudes 
towards health and safety at work in 
general and in particular taking respon-
sibility for safety in the workplace. Just 
as the EU importer bears full responsibil-
ity for the safety of the product, so the 
organisation that purchases the equip-
ment bears a legal responsibility through 

The CE label

Note the shape and the spacing of the 
approved label above. 

This is not to be confused with the 
China Export label below nor other non-
CE markings:

An initiative to raise safety standards in laser materials 
processing machines

Mike Green
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health and safety legislation for providing 
a safe place of work. 

CE noncompliance is not restricted to 
low cost machines; rather, the underlying 
problem is people being tempted by 
price rather than whether the machine is 
fit for purpose.

Factories, commercial companies, 
schools, colleges hospitals and research 
places all have a DUTY to operate 
equipment safely and to ensure the 
safety of users. Despite the financial 
pressures, due diligence must be exer-
cised to ensure that the laser processing 
machine is fully CE compliant before it is 
purchased, even if this excludes the low 
cost option. Apart from anything else, in 
the event of a serious incident (fire, loss 
of life etc.) caused by the noncompliant 
equipment the organisation may find that 
it is not insured for the loss. 

What to look for in a laser machine
Mike Barrett (Pro Laser) suggests a 
potential purchaser should start with a 
simple check that might indicate that a 
laser machine is noncompliant: 

• Labels
 Clearly the machine should have 

a manufacturer's label and this 
should include a CE mark, not to 
be confused with a 'China Export' 
label (see box opposite) and the 
supplier should be able to provide 
all the necessary supporting 
documentation.

• Points of user access
 Identify any hinged or sliding panels 

that are points of user access for 
normal operation, such as the 
top opening lid of a small flatbed 
machine. All should be equipped 
with proper safety interlocks i.e. 
interlocks that fail to safety and 
are difficult to defeat without a 
key, in contrasts with the common 
micro-switch, which can fail on 
both counts. If you find nothing or 
a micro-switch it is likely that the 
machine will not conform to the 
machinery directive. 

 Also check that the panels have 
warning labels fitted, such as 
"CAUTION: INVISIBLE CLASS 4 
LASER RADIATION WHEN OPEN AND 
INTERLOCK DEFEATED".

• The Emergency Stop 
 Check that the machine has a clear, 

accessible Emergency Stop push 
button with a lock down feature. 

• Fire safety
 Check that any material in line of 

sight of the laser beam is non-

flammable. For plastics the usual 
material of construction (for CO2 
lasers) is polycarbonate, which does 
not readily catch fire, unlike acrylic 
(perspex).

 Galvanometer scanning laser 
systems, of the type commonly 
used for marking, will incorporate 
sensing devices that can cause 
the laser to be switched off should 
the mirrors become stationary. 
For (chart plotters) flatbed cutting 
systems stepper motor drives are 
often used to translate the turning 
mirror that directs the beam onto 
that workpiece, and these do not of 
themselves include motion sensing. 
Without independent motion 
sensing (in some arrangement 
this may include motion of the 
workpiece too), fault conditions 
could allow the  laser beam to 
remain stationary on the workpiece, 
causing the workpiece to catch fire; 
and possibly the machine and then 
the building it is housed in.

• Fume safety
 Check that strong local air flow and 

extraction is provided (e.g. by hand) 

 Get a quote from a reputable fume 
extract supplier and compare the 
power of the quoted unit with 
that of the unit that the supplier 
is proposing to provide with the 
machine. 

What should AILU do?
The Association already freely provides 
information and advice to members on 
laser safety matters. In particular, the 
document library in the member's area 
of the AILU web site provides lists of 
standards for laser product performance 
and safety, together with processing 
standards and guides. Articles from 
all issues of The Laser User are also 
available for free downloading from the 
AILU web site.

The main issue for AILU in raising the 
safety standards for laser processing 
machines is the bad name that lasers 
could gain from the safety performance 
of noncompliant products, especially 
those that end up in places of further 
education.

The association is fortunate that Mike 
Barrett (Pro Laser) represents AILU on 
the main BSI and international standards 
bodies relevant to laser materials 
processing, and any benchmarks that a 
laser processing machine safety group 
in AILU might come up with could be 
forwarded for consideration. 

AILU can also help as an independent 
source of information for potential users. 
At the present time there is a link to 
an information sheet on laser safety 
available on the AILU home page which 
could be expanded but the presentation 
of this information must be in a way 
that does not put potential users off 
using lasers: after all, lasers do have an 
excellent safety record.

A telecoms meeting will have occurred 
by the time this piece is published and 
members should have already been pro-
vided with an update and an opportunity 
to be part of the initiative. 

For further information please contact 
the author. 
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CUTTING

'Striation free' oxygen-assisted fibre laser cutting of 
thin section mild steel

John Powell, Saeed Al-Mashikhi, Alexander Kaplan and Katy Voisey 

Oxygen assisted laser cutting of 
mild steel is a highly success-
ful industrial profiling method 

which has been under continuous 
development since its invention in 
1967 [1]. The cut edge produced 
by this technique has,until recently, 
always featured parallel grooves 
(striations) similar to those pictured 
in figure 1. However, in recent years, 
results have been published [2,3] 
which show that the distinctive stria-
tion pattern is minimized under cer-
tain processing conditions if a fibre 
laser is used instead of the more tra-
ditional CO2 or Nd:YAG lasers. Figure 
2 shows such a ‘striation free’ cut 
edge produced by fibre laser/ oxygen 
cutting. 

In oxygen-assisted laser cutting of mild 
steel the laser beam is focussed down 
onto the surface through a nozzle which 
also provides a low pressure jet of oxy-
gen, as illustrated in figure 3. The laser 
heats up the mild steel until it ignites in 
the stream of oxygen. The ensuing exo-
thermic chemical reaction is then held 
in a thermodynamic balance between 
the heating effects of the laser/oxidation 
reaction and the thermal losses to the 
surrounding steel sheet. This dynamic 
balance involves regular fluctuations in 
the burning reaction which result in the 
striation pattern on the cut edge [4,5]. 

Previously published work [2,3] has stud-
ied fibre laser cutting of mild steel and 
suggested that ‘striation free’ cutting is 
a consequence of boiling within the cut 
zone. Work by the present authors [6] 
has demonstrated that this is unlikely to 
be the case because the entire surface 
of the melt in the cut zone is covered in 
iron oxide (FeO), which cannot boil and 
which has no gas phase. 

‘Striation free’ cut edges are only pro-
duced over a specific range of cutting 
speeds and for particular laser param-
eter–material combinations. The aim 
of this paper is to identify which of the 
many variable parameters play the domi-
nant role in producing very low rough-
ness cuts. 

Experimental procedure 
An IPG YLR-2000 multi-mode Ytterbium 
Fibre was used in this investigation It 
provided a maximum power of 2 kW at 
a wavelength of 1070 nm. The laser was 
used in its continuous wave (cw) mode 

with an approximately top hat beam 
intensity distribution. The focusing optics 
consisted of a Precitec YK52 cutting 
head with a collimation lens of 125 mm 
focal length and a 120 mm focal length 
objective lens. The process fibre had a 
200 µm core diameter and the focussed 
spot size was measured to be 192 µm. 
The processing parameters used in the 
experiment are shown in Table 1. 

The cut surface topography was exam-
ined using aTalysurf stylus profilometer. 
On each cut surface three 15 mm long 
Talysurf traces were taken along the cut 
face at distances of 0.25 mm from the 
top and bottom of the cut edge. The 
three results were then averaged to give 
an upper and lower cut edge roughness. 

Results and discussion 
Cut edge roughness 
Figure 4 demonstrates the average sur-
face roughness of the cut edge reaching 
a minimum as cutting speed is increased 

up to approximately 5.5 m/min. 
At higher speeds the roughness 
rose again until the cutting proc-
ess broke down at the maximum 
cutting speed of just over 8.0 m/
min. The low magnification pho-
tographs make clear the reduc-
tion of surface roughness as the 
cut speed approaches 5.5 m/min, 
the condition typical of a ‘stria-
tion free’cut, but closer examina-
tion reveals that the striations 
have not entirely disappeared. In 
the context of this paper this is 
an important point, but in general 
engineering use the term ‘stria-
tion free’ still has some validity as 
the roughness is extremely low. 

Figure 1: Typical cut edges produced by oxygen-
assisted CO2 laser cutting of 3 mm (top) and 
12 mm mild steel. The cut edges are covered in 
parallel grooves known as striations.

Figure 2: Magnified view of the very smooth cut 
edge during oxygen-assisted fibre laser cutting 
of 1 mm thick mild steel under carefully chosen 
parameters. Cut speed 5.5 m/min, oxygen supply 
gauge pressure 2 Bar, fibre laser power 1 kW.

Figure 3: A schematic of oxygen-assisted laser cutting

Parameter Value

Speed 2–8 m/min

Power 1000 W

Oxygen gauge pressure 2 Bar

Nozzle diameter 1 mm

Stand off distance 1 mm

Lens focal length 120 mm

Mild steel thickness 1.1 mm

Table 1: Experimental parameters
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An important feature of figure 4 is the 
difference in the roughness trend close 
to the top of the cut edge and close to 
the bottom. The latter reduce to a mini-
mum and then rise again with further 
increases in cutting speed. The former 
continues to fall until the maximum 
cutting speed is reached. This trend is 
typical of fibre laser/oxygen cutting of 
thin section mild steel. To explain these 
results we need to consider the various 
factors which influence the roughness of 
the cut edge.

Factors which can influence the cut edge 
roughness as a function of cutting speed 
During laser cutting, liquid flows out of 
the cut zone and the flow behaviour 
is reflected in the patterns of solidified 
melt on the cut edges: turbulent flow 
produces a rough and rippled surface. 
The smoothest cut edge will be created 
by the steadiest flow conditions. A clear 
way to explain the observation that they 
exist at an intermediate cutting speed, 
is to describe how the flow conditions 
change at speeds higher or lower than 
this optimum. 

At very low cutting speeds we know that 
the laser/oxygen/ steel interaction con-
sists of a cyclic burning reaction. The cut 
front is almost vertical and is only illumi-
nated by the leading edge of the laser 
beam, so most of the laser power travels 
straight through the cut zone without 

interacting with 
the material 
(see figure 5(i)). 
Thus, the heating 
of the melt is pri-
marily the result of 
the oxidation reac-
tion and surface 
temperatures in the cut zone (~ 1900K 
[6]) are low compared to those reached 
at higher cut speeds. At these low tem-
peratures the viscosity of the FeO/Fe 
melt is high. 

In summary, at low cutting speeds, the 
cutting process involves the expulsion 
of a relatively high viscosity melt at a 
fluctuating mass flow rate. This situa-
tion gives us the rather rough cut edge 
shown in Figure 4a. 

As cutting speeds increase, the process 
attains a quasi steady state and melt 
is ejected as a continuous stream of 
sparks (see Figure 3). The temperature 
of the melt surface rises with cutting 
speed and thus the viscosity of the melt 
decreases [6]. 

This might lead us to expect a gradual 
reduction in cut edge roughness as 
speeds increase. However, there are two 
factors that have a disturbing effect on 
the melt flow as we approach the maxi-
mum cutting speed: 

(1) The cut front geometry becomes 
curved or kinked at high speeds: the 
cut front, approximately vertical and 
eroded by contact with the leading 
edge of the laser beam and oxygen jet 
at low speeds, cannot remain vertical 
as the cutting speed increases because 
the higher volume of molten material 
cannot flow out of the cut zone quickly 
enough; this gives rise to a horizontal 
lag between the top and bottom of the 
cut front (‘L’ in Figure 5). At intermedi-
ate speeds the cross-section of the cut 
front can be approximated to an inclined 
straight line (see Figs. 4c and 5(ii)). At 
higher speeds however, the lag between 
the top and bottom of the cut front 
increases and the profile of the cut front 
becomes curved or kinked (see figure 
5(iii)). This curvature or kink indicates a 
directional change on the melt part way 
down the cut front and the resultant melt 
deceleration increases turbulence and 
subsequent cut edge roughness (see 
Figure 4d). 

(2) The melt thickness on the cut front 
increases with cutting speed in response 
to the increase in mass flow rate. Indeed, 

a

b

dc

a b c d

eFigure 4: The graph shows average Ra roughness 
measurements of the cut edges taken 0.25 mm from 
the top or bottom of the cut face, as a function of cut 
speed. Photographs are of the lower region of the cut 
face with the cut direction left to right, corresponding 
to: (a) 2.0 m/min, Ra = 3.0 mm; (b) 4.0 m/min,  
Ra = 2.0 mm; (c) 5.5 m/min; Ra = 0.2 mm; (d) 7.0 m/
min, Ra = 1.4 mm.  Figure (e) shows a x10 magnification 
view of the top part of the ‘striation free’ cut edge (5.5 
m/min) showing the presence of microscopic striations.

[1] Inclination of  
lower cutting 
front, qL

[2] Reflected beam

[3] Lower part of cut front 
illuminated only by reflected 
beam

[1]

[2]

[3]

Figure 5: Cut front - laser beam interaction geometries at: (i) low cutting speeds, 
(the cut front is an almost vertical, straight line of fluctuating position); (ii) 
moderate cutting speeds (the cut front is a straight line inclined at q); (iii) higher 
cutting speeds (the cut front can be approximated to upper and lower lines 
inclined at qU and qL), and (iv) very high cutting speeds (the cut front becomes 
extended in the direction of cutting and the reflected beam interacts more with 
the lower part of the cut front).
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since the kerf wide remains approxi-
mately constant as cut speed increases,  
the cut front melt thickness will increase 
approximately proportionally to cut 
speed since there is no mechanism 
by which the velocity of the melt mov-
ing down the cut front is expected to 
increase. The increase in melt thickness 
will lead to an increase in melt turbu-
lence and rougher cut edges. 

This comparison of slow, intermediate 
and fast cutting speeds is summarised 
in Table 2. From the cut zone behaviour 
at the extremes of low and high speeds, 
the physical characteristics of the cutting 
process at the optimal, intermediate cut 
speed can be inferred as is done in Table 
2. And having established that irregular 
or highly turbulent flow occurs at low 
and high speeds respectively, we might 
expect ‘striation free’ cutting to take 
place at intermediate speeds. It is now 
important to analyse the laser–material 
interaction involved. 

Geometric aspects of the laser–material 
interaction 
A oxygen-assisted laser cut mild steel 
edge can generally be divided into two 
regions; an upper zone where the rough-
ness is dominated by the laser–material 
interaction, and a lower zone, where the 
roughness is dictated by the flow con-
ditions of the melt as it leaves the cut 
front. In the following discussion these 
zones will be called ‘Laser dominated’ 

and ‘Melt-flow controlled’, 
respectively. The differences 
between these zones are 
particularly obvious at high 
speeds (e.g., Figure 5(iii)) and 
thick sections (e.g., Figure 1). 
The photos in Figure 4 show: 

(a) (2.0 m/min) A rough sur-
face produced by sporadic 
melting/ oxidation; 

(b) (4.0 m/min) Melt-flow 
controlled surface towards 
the bottom of the edge; 

(c) (5.5 m/min) Optimum low 
roughness (‘striation free’ 
edge). 

(d) (7.0 m/min) Melt-flow 
controlled surface towards 
the bottom of the edge. 

In the case of the 5.5 m/min 
sample the cut edge shows 
minimal evidence of a change 
from a ‘laser dominated’ to a 
‘melt-flow controlled ’surface: 
This is the key to ‘striation free’ cutting;  
a combinations of melt viscosity and cut 
front geometry that makes it possible 
for the whole of the cut front to assume 
the approximate shape of an inclined, 
straight, half pipe, as shown in figure 6. 
Flow down this half pipe has minimal tur-
bulence and the whole cut front can be 
said to be ‘laser dominated’. The crea-
tion of this type of cut front shape can 

be explained by a simple 
geometrical argument. 
For the purpose of this 
simplified discussion the 
kerf will be considered to 
be parallel sided, with a 
semicircular cut front. The 
laser will be assumed to 
be a column of light of the 
same diameter as the cut 
front (Figure 6). 

The phenomenon of 
increased absorption of 
light over a specific range 
of glancing angles cen-
tred around a maximum 
value at the Brewster 
angle is well known [7] 
and a good examina-
tion of the subject in the 

context of laser cutting is provided in [8, 
9]. Figure 7a shows how the absorptiv-
ity of a molten iron surface changes 
with the angle of incidence at glancing 
angles for light from CO2 lasers (10.6 µm 
wavelength) and a fibre lasers (1.07 µm 
wavelength). 

As we increase the cutting speed from 
zero, the change in inclination of the cut 
front has two effects: 

1. As the cut front inclination increas-
es, the proportion of the beam 
which interacts with the cut front 
increases (see figure 8). 

2. The cut front inclination and the 
glancing angle between the laser 
and the cut front are the same (see 
figure 7b), so any increase in inclina-
tion from zero up to the Brewster 
angle leads to an increase in the 
absorptivity of the cut front (see fig-
ures 6, 7 and 8). 

In the case of our experiment with 
1.1 mm thick mild steel, a cut front incli-
nation equal to the Brewster angle for 
fibre laser light (10.4˚) gives a lag between 
the upper and lower parts of the cut front 
of 194 µm—which is approximately the 
diameter of the focussed beam (192 µm). 

Table 2: Summary of the phenomena controlling the surface roughness of laser cut edges at slow, optimum and fast cutting speeds.

Low speed Optimum speed range (for low roughness edges) High speed

Vertical straight line cut front Intermittant reaction; 

irregular flow 

Inclined straight line cut front; low turbulence Curved or kinked cut front; high turbulence. 

High viscosity melt; low temperature Minimum (stable) melt thickness; low turbulence. Increased mass flow, melt thickness; high turbulence. 

Fluctuating melt depth; high turbulence. 

Figure 7. (a) 
Absorptivity 
of radiation 
from CO2 and 
fibre lasers of 
a liquid iron 
surface as a 
function of 
glancing angle 
(from [8, 9]). 
The glancing 
angle (= 90º 
- angle of 
incidence) is 
shown in (b).

Figure 6: Simplified view of the laser–cut front interaction zone 

a

b
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Therefore, a cut front inclined at 10.4˚ 
would be exposed to the full direct 
power of the laser beam and have a high 
absorptivity (if the beam is collimated—as 
in Figure 6). The straight line result given 
in Figure 8 implies that the illumination of 
this sloping cut front would be uniform 
which would add to the stability of the 
flow pattern (at higher speeds and incli-
nations only the upper part of the melt 
is illuminated by the direct beam—the 
lower parts are heated by reflections 
from above). In fact, the beam is not 
collimated and so the lag between the 
top and bottom of the cut zone might 
need to be extended in order to col-
lect the entire beam—this would require 
an increase in the cut front inclination 
beyond the Brewster angle. However, 
Figure 7a shows us that the absorptiv-
ity of the beam remains almost constant 
at the Brewster maximum from about 
8˚ to 14˚. From the above it would be 
expected that a straight cut front inclined 
in this range would offer an optimum 
laser material interaction for thin section 
material. Figure 9 shows that the aver-
age striation inclination at the optimum 
roughness speed of 5.5 m/min is indeed 
within this range. Measurements made by 
ourselves on other ‘striation free’ cuts in 
thin section mild steel (including the rel-
evant photo in [3]) have identified a gen-
erally close relationship between very low 

roughness cuts and almost 
straight striations inclined 
at angles of between 8˚ and 
14˚. Indeed, even at higher 
speeds where the lower part 
of the cut edge is roughened 
by fluid flow, the striations 
on the upper part of the cut 
edge remain within this range 
of inclination. The obser-
vation that the roughness 
towards the top of the cut 
edge does not increase with 
cutting speed (see Figure 4), 
is further evidence of the cor-
relation between low rough-

ness and cut front inclination. 

This link between ‘striation free’ cut 
quality and the Brewster angle is the 
reason why this type of ‘striation free’ 
result has not been seen in CO2 laser 
cutting. Figure 7a makes it clear that 
there are two main differences between 
the absorptivity curves for fibre and CO2 
lasers: (a) The Brewster angle for CO2 
lasers corresponds to a much steeper 
glancing angle (approximately 3˚) than 
it is for fibre lasers; and (b) As we move 
away from the Brewster angle maximum 
the absorptivity drops much more rap-
idly with glancing angle for CO2 lasers. 
The ‘close to Brewster absorptivity’ 
range in this case is only from about 
2–4˚. The fact that the upper, laser domi-
nated, part of the cut front is also linked 
to the Brewster angle in the case of 
CO2 lasers is clear from the photos pre-
sented in Figure 1. The upper part of the 
3 mm cut edge has striations inclined 
at approximately 3˚ with more steeply 
inclined melt flow lines below. The 12 
mm thick material was cut at a much 
lower speed and has upper zone stria-
tions which incline from 0˚ to 9˚ before 
joining the more steeply inclined melt 
flow lines further down the cut face.

It must be noted that the above analysis 
disregards any effect of the presence of 
FeO on the absorptivity. This is equiva-
lent to assuming that FeO is transparent 
to the laser wavelengths considered. 
This approximation is primarily due to 
the lack of data available in the open 
literature on the optical properties of 
molten FeO. However, it can reasonably 
be argued that the ionic bonding in FeO 
will result in a band structure that only 
produces high absorptivities for narrow 
ranges of frequencies, whereas the fre-
quency dependence of absorptivity of 
metallic Fe varies more gradually, as can 
be seen from the Fresnel relations [8,9]. 
The correlations observed in this work 
indicate that this approximation is valid. 

Conclusions
• The lowest roughness mild steel cut 

edges are produced at intermediate 
speeds considerably lower than the 
maximum cutting speed. At lower 
speeds the roughness is higher 
because the viscosity of the melt is 
relatively high. At higher speeds the 
cut edge is rougher because the mass 
flow down the cut front is larger and 
the melt is thicker. 

• ‘Striation free’ fibre laser cut edges 
are covered in microscopic stria-
tion, which are inclined at an angle 
between 8˚ and 14˚ corresponding to 
the optimum laser absorption at the 
fibre laser wavelength. 
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The availability of multi-kW single 
mode fibre lasers offers the pos-
sibility of achieving small spot 

sizes with long focal length optics. 
The remote cutting of metals, using 
vaporization to remove material rather 
than an assist gas removes the need 
for a cutting nozzle and allows flex-
ible remote control of the laser beam, 
using 2D scan optics to achieve high 
surface velocities at the workpiece.
Cutting speeds on contour of up to 
several hundreds of m/min are pos-
sible and cutting speeds close to 1000 
m/min were reported, see figure 1. 

Figure 1 shows rapid decrease of cutting 
speed with increasing sheet thickness; 
the reason being that the typical depth 
of the cutting kerf is in the range of 30 
to 50 µm and the beam scan has to be 
repeated until the whole thickness of the 
material is cut. The question arises as to 
the thickness at which remote cutting is 
energetically efficient in comparison to 
conventional fusion cutting. 

Severance Energy
Professor Bill Steen first introduced the 
concept of severance energy as a means 
of characterising cutting processes was 
suggested [2]. This value is derived from 
the energy balance and can be defined 
to: 

          (1)

where ET is the severance energy, PL is 
the incident laser power, t is the sheet 
thickness, v is the cutting speed. 

Calculating the severance energy is 
generally a matter of dividing the laser 
power by the product of sheet thickness 
and cutting speed. The higher ET, the 
more inefficient is the cutting process. 

Remote Cutting
Using the data in figure 1, the severance 
energy is plotted against sheet thickness 
in figure 2. 

What is clear from figure 2 is that the 
cutting process becomes increasingly 
inefficient as thickness increases except 
at the lowest power level of 1000 W; and 
that for a given material thickness ET 
increases with laser power. Referring to 
equation (1) these observations reflect a 
more than linear decline in cutting speed 
as thickness increases and a less than 
linear increase in cutting speed as laser 
power increases. At least part of the 
explanation for this is that the kerf width 
is found to increase with laser power.

In figure 2, the disproportional growth of 
ET at 3000 W for material thicknesses 
above 0.7 mm and at 5000 W for mate-
rial thicknesses above 1.0 mm, can also 
be attributable to the kerf geometry. As 
sheet thickness increases the aspect 
ratio of the kerf (i.e. depth to width of 
the groove) increases, which decreases 
the efficiency of expulsion of material 
by upwardly directed vapour, the key 
mechanism in remote cutting. In an 
extreme case the molten and evaporated 
material solidifies on the wall of the cut-
ting kerf, resulting in re-solidified drop-
lets that prevent a complete separation 
of the cut part. This represents a limit 
for the remote cutting process. A typical 
cross-section of a 1 mm thick sheet cut 
at 3000 W is shown in figure 3.

Conventional Fusion Cutting
Figure 4 compares the remote cutting 
results with the calculated severance 
energies for conventional nitrogen-
assisted laser cutting using high bright-
ness solid state lasers, based on report-

ed data from various 
sources and sup-
plemented with our 
own investigations, 
superimposed with 
the values in figure 
2 extended to 2 mm 
sheet thickness. 

Similar to the results 
of remote cutting, 
the severance energy for conventional 
cutting is seen to increase with sheet 
thickness; as would be expected from 
the use of larger laser spot sizes (and 
therefore kerf width) for cutting thicker 
sheet. Moreover, it is clear from figure 4 
that the severance energy of the remote 
cutting is greater. The main reason for 
this lies with the process mechanisms: In 
conventional fusion cutting molten metal 
is ejected by the pressure exerted by the 
assist gas whereas for material removal 
in remote cutting the laser must not only 
melt but vaporize some of the metal in 
order to expel it. 

The main advantage of remote cutting 
is its potentially high cutting speeds, 
which is independent of contours, 
whereas for conventional fusion cutting 
the dynamic performance of the cutting 
machine limits performance, especially 
for cutting complex geometries and the 
data used for conventional cutting in 
figure 4 relates to cutting straight lines. 
As a result the values of ET in this figure 
for conventional cutting are minimum 
values.

CUTTING

Relative efficiency of remote laser cutting

Matthias Lütke1, Florian Bartels2, Jan Hauptmann2, Andreas Wetzig2 and Eckhard Beyer1, 2

Figure 1: Realizable cutting speeds on contour by 
remote cutting for different laser powers [1]

Figure 2: Severance energies of remote cutting 
test results

Figure 3: Cross-section of 
a typical cutting kerf with 
re-solidified droplets,  
PL = 3000 W, df = 25 µm, 
t = 1 mm

200 µm

Figure 4: Comparison of severance energies 
vs. sheet thickness for remote cutting and 
conventional fusion cutting. (Data points cover all 
reported laser powers)
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Agility
The complexity of contours may be 
specified by their “agility”, which is 
defined as the sum of all angles divided 
by the sum of all lengths along the path 
to be cut [4]. The unit is 1 °/mm. Thus 
the agility of a circular cut out is cal-
culated by dividing 360 degrees by its 
circumference. The shorter its circumfer-
ence the higher is its agility. For parts 
comprising several geometrical elements 
the agility is the sum of all angles divided 
by the sum of all cutting lengths. For 
statistical purposes over 4000 typical 
geometries were analysed in [4]. The 
gained frequency distribution is traced in 
figure 5; it identifies a median agility of 
approximately 4°/mm with the complexity 
of most of the parts corresponds to an 
agility value below 20 °/mm.

In [4] different available state of the art 
flat bed cutting machines were inves-
tigated. The average cutting speeds 
for the investigated machines are in 
the range from 13 to 22 m/min at the 
median value of W = 4.1 °/mm. Even 
highly dynamic state of the art cutting 
machines are not able to exceed an 
average cutting speed of 22 m/min. In 
terms of equation (1) the calculation of 
ET must be adapted by using the aver-
age cutting speed vm instead of v. For 
vm of 22 m/min the severance energies 
for conventional fusion cutting were 
found to be greatly increased over val-
ues for cutting straight lines whereas the 
severance energies of remote cutting 
remain constant. 

Cutting example
By way of example, figure 6 shows the 
technical drawing of the part. The geom-
etry has fourteen circles each with an 
angle of 360°. Subsequently the sum of 
all angles of 5040° must be divided by 
the whole length of approximately 678 
mm. Hence the geometry has an agility 
of W = 7.4 °/mm. 

Conventional Fusion Cutting
The part was cut by a flat bed cutting 
machine. The attained cutting speed 

profile against the process time of the 
three geometries is traced in Figure 7 
As can be seen, the cutting speed var-
ies strongly. A lot of acceleration and 
deceleration phases are needed to cut 
the contours.

Two other parts of identical geometry but 
scaled down in length by factors of 0.5 
and 0.25 were also cut, corresponding to 
agilities of twice and four times the origi-
nal, respectively. The maximum cutting 
speeds decrease with increasing agility 
of the parts. They amount to 56 m/min 
at a scaling factor of 1, to 40 m/min at a 
scaling factor of 0.5 and to 27 m/min at a 
scaling factor of 0.25. The beam source 
has to provide sufficient laser power 
even at the maximum cutting speed. 
Laser powers of 300 W, 250W and 200 
W were needed, respectively. 

Remote Cutting
The same contours were cut by using the 
remote cutting technique. Based on the 
previous experimental results the laser 
power was set to 1000 W. The attained 
processing times corresponded to aver-
age cutting speeds of 135 m/min for 
all three sizes. The comparison of the 
achieved severance energies of both cut-
ting techniques is depicted in figure 8.

Conclusion
The application area for remote cutting is 
to cut contours with high agilities at low 
sheet thicknesses, below 1 mm for met-
als. The friction shim example highlights 
the energetic potential of remote cutting. 

Despite the higher energy requirements 
the severance energies of remote cutting 
on contours are less than those of con-
ventional fusion cutting, demonstrating 
that the advantages of very high cutting 
speeds on contours are able to over-
compensate for the higher energy input 
of a higher laser power.
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CUTTING

Figure 5: Frequency distribution vs. agility of 4000 
geometries typical for laser cutting, [4]. 

Figure 6: Section of the technical drawing of a 
shim in stainless steel 1.4301, 0.1 mm thick

Figure 7: Cutting speed profiles of the shim

Figure 8: Severance energies of conventional 
fusion cutting and remote cutting. (a) Scale 
factor (SF) 1, W = 7.4 °/mm; (b) SF 0.5,  
W = 14.9 °/mm; (c) SF 0.25, W = 29.8 °/mm

a b c
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There are myriad uses of laser 
welding in many applications, 
from oil and gas exploration and 

development to power generation, 
aviation, automobiles and rail trans-
portation. According to David Belforte, 
editor of Industrial Laser Solutions 
magazine, welding accounts for ~15% 
of the total sales of industrial solid 
state and CO2 lasers i.e. approxi-
mately 6,000 of the ~40,000 industrial 
lasers sold per year. Between solid-
state and CO2 lasers, the split is about 
3:1 in favour of solid state for welding 
applications, Belforte says. 

Automotive industry
Volvo has been one of the leaders in 
incorporating laser welding into its 
manufacturing strategy. The current ver-
sion of the Volvo C70, the company’s 
small, retractable-hardtop convertible, 
has more than ten meters of laser welds 
in its body. Compared to the previous 
version of the C70, manufactured using 
conventional welding techniques, the 
torsional stiffness of the new model has 
been boosted by 250 %. 

Alignment of the parts prior to welding at 
the Volvo factory in Uddevalla, Sweden, 
takes significantly more time than the 
welding operation itself. The 4-kilowatt, 
lamp-pumped Nd:YAG laser is a high 
capital investment, so to maximize 
its efficient usage its output is shared 
among four fibre-optic delivery fibres, 
each feeding a separate workstation. 
While the laser power is being delivered 
to one workstation, parts are being 
aligned at the other three. Thanks to this 

arrangement, the laser is performing a 
welding operation 82% of the time. 

ThyssenKrupp Tailored Blanks GmbH 
in Duisburg, Germany, has recently 
extended the concept of tailored blanks 
[see sidebar] to produce tubular parts 
instead of flat tailored blanks. Dubbed 
“tailored orbitals” by the company, 
these components are manufactured by 
first laser-welding several steel sheets 
together and then wrapping them into a 
tubular shape. They are especially suited 
for exhaust systems where they can be 
designed to withstand the hot, corrosive 
gases in an automobile’s exhaust. 

Elsewhere in automotive exhaust sys-
tems, catalytic converters also gain 
strength and corrosion resistance from 
laser welding. Eberspaecher North 
America, an auto-parts supplier in 
Brighton, Mich., U.S.A., has replaced 
its conventional TIG (tungsten-inert-
gas) welding station with a system built 
around a CO2 laser. Although the laser’s 
capital cost is 30% greater than the TIG 
welder’s, its throughput is 80% greater 
and the finished converters are more reli-
able. Like the Nd:YAG system in Volvo’s 
Swedish facility, the Eberspaecher 
laser’s output is coupled to more than 
one workstation, so a weld is made at 
one station while parts are loaded and 
aligned at another. 

Electronics 
It is generally thought that the automotive 
industry is the largest user of laser weld-
ers. However, according to data com-
piled at Industrial Laser Solutions, the 
electronics and medical-device industries 
far exceed the automotive industry. Dave 
Belforte, the magazine’s editor, notes 
that, even though Volkswagen is install-
ing many new laser welders in its plants 
around the world, electronics is still a 
larger market, at least in terms of units. 
And for manufacturing electronics, lasers 
offer a precise and fast technique of join-
ing components. 

Batteries represent a fast-developing 
technology that is becoming crucial, not 
only to power our many electronic gadg-
ets— laptops, smart phones, e-readers 
and so on— but also to provide the 
electricity that will drive the thousands 

An overview of laser welding metals and plastics 

Breck Hitz

A tailored blank is a flat sheet of several 
metals of differing thickness, strength and 
coating, laser-welded together to create a 
single unit. The blank is designed to have 
the heaviest, strongest steel where stress 
is greatest, and lighter metals where less 
strength is needed. [1]

Laser welding of tailored blanks in the 
automotive industry is preferred over other 
welding techniques for several reasons. In 
particular, it produces strong welds with 
less distortion, facilitating the stamping 
and other forming operations that follow. 
Moreover, laser welding is capable of non-
linear welds, and it uses no consumables 
such as filler wire and cover gases, so it’s 
less expensive than conventional welding 
techniques. Fibre, CO2, Nd:YAG and disk 
lasers are all used in manufacturing millions 
of tailored blanks every month. 

Tailored blanks result in vehicle weight 
reduction—and thus better fuel efficiency—
because heavy materials are used only 
where they are required. Likewise, expen-
sive metals are used only where necessary, 
reducing both the cost of materials and 
the amount of scrap. And because high-
strength steels can be deployed exactly 
where they are most needed, overall vehi-
cle strength and crash performance are 
improved. 

Further cost reduction occurs because 
only one large part is stamped, instead of 
many smaller parts. Furthermore, because 
laser butt-welding reduces the number of 
overlapping joints, corrosion resistance is 
improved. 

Tailored blanks

2 mm  
thick

2 mm  
thick

2 mm 
thick

1.5 mm  
thick

1.5 mm  
thick

Laser-welded side panel from a blank formed 
of steels of different strength and thickness

In laser keyhole welding the laser vaporizes 
a narrow hole through both metals. The 
molten material surrounding the vapour col-
umn resolidifies to form a weld nugget.

Laser keyhole welds

Butt weld

Lap weld

Weld "nugget"
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of electric cars that will appear on high-
ways in the coming decades. 

Lasers have proven particularly adept at 
joining dissimilar materials in batteries, 
whether they are electrodes, conductors 
or the battery casing itself. Copper-to-
aluminium welds, for example, which are 
common in batteries and difficult to do, 
are straightforward with a fibre laser. 

Efficiently manufacturing sophisticated 
batteries, each needing many hundreds 
of welds, requires high-speed welding. 
The high brightness of the fibre laser 
makes it particularly well suited for 
remote welding, where a pair of galvo-
mounted mirrors directs the beam to the 
joints to be welded. Conventional weld-
ing speeds are limited by the welding 
head’s inertia; but in remote welding only 
the galvo mirrors move. 

Nd:YAG lasers and most fibre lasers 
operate at a wavelength of ~ 1 µm, a 
wavelength for which good electrical 
conductors such as copper and silver 
are highly reflective at room temperature. 
Consequently, most of the incident laser 
radiation is initially reflected when weld-
ing copper parts and because of this it 
can take many times more laser power 
to weld copper than steel. Moreover, 
reflectivity rapidly decreases with 
increasing temperature, which causes 
more of the incident laser power to be 
absorbed as the part heats up, making it 
very easy to overheat the weld and also 
to cause damage to surrounding com-
ponents.

However, engineers at Miyachi Unitek 
in Monrovia, Calif. and elsewhere, have 
capitalized on the lower reflectivity of 
copper and other good conductors at 
green wavelengths. The reflectivity of 
copper, for example, drops from 90% 
at 1.06 µm to 45% at the frequency 
doubled wavelength of 0.53 µm. By 
frequency doubling a normal-mode 
Nd:YAG laser (i.e., one that’s pulsed 
by the flashlamp, without a Q-switch), 
they have demonstrated successful and 
repeatable welds of copper conductors. 
“The 532-nm pulsed Nd:YAG laser welds 
copper as well as a one-micron laser 
welds steel,” noted Miyachi engineer 
Geoff Shannon. [1] 

Laser micro-welding is also vital to the 
manufacture of the hand-held electronic 
devices, as well as to the fabrication 
of the thousands of micro-sensors that 
are turning up in everything from auto-
mobile engines to refrigerator doors. 
The traditional techniques of joining 

conductors, such as soldering, crimp-
ing or brazing, become impractical as 
conductor dimensions shrink to a few 
tens of microns. Among the alternative 
welding techniques, laser welding has 
the advantages of requiring only single-
sided access and of being able to deliver 
energy in precisely measured pulses to 
prevent damage to delicate parts. 

Welding plastics 
Joining non-metals, and plastics in par-
ticular, is a new and growing application 
of laser welding. Today, plastic welding 
accounts for maybe 15% of the market 
for laser welders, estimates Belforte. 
However, plastics are replacing metal in 
a growing list of consumer goods, from 
automobiles to electronics. The reasons 
are many: cost savings, weight reduc-
tion, corrosion resistance and electrical 
isolation, among others. 

Nonmetals such as plastic have tradi-
tionally been welded by friction or hot-
plate technology. A major drawback of 
these techniques is that they require 
contact between the tool and the part 
being welded. This contact can cause a 
mechanical load on the part, and often 
results in residual material adhering to 
the tool. Laser welding, which is con-
tactless, avoids these problems. 

Lap welding plastics is a fundamentally 
different process to lap welding metals. 
In metals, the laser beam vaporizes its 
way through the top and bottom met-
als, leading to the formation of a weld 
nugget. In lap welding plastics, the com-
mon process is to select the plastics 
and laser wavelength such that the laser 
radiation is transmitted through the top 
plastic and is absorbed in the bottom 
plastic; the beam generates heat at the 
interface, causing the plastics to mix and 
a weld to form. The main transparency 
windows in most plastics lie in the vis-
ible, near and mid infrared wavelength 
bands, favouring the direct diode and 
other solid state lasers over the far infra-
red CO2 laser for this application. 

Welding plastics can require more care-
ful control of heat than when welding 
metals, because plastics are poor con-
ductors and can burn easily. Maintaining 
temperature within the appropriate range 
requires balancing the laser power and 
welding speed with the absorbance of 
the plastic. This often requires a closed-
loop system in which a pyrometer-galvo-
scanner monitors the weld temperature 
and generates a signal that controls the 
applied laser power. The signal from the 
pyrometer can also be used to provide 

quality control by detecting defec-
tive welds. One of the more common 
weld failure is caused by points of poor 
contact of the parts during the heating 
process. This produces a locally high 
temperature and the higher pyrometer 
signal can be used to reject the weld. 
Monitoring the Fresnel reflection of a 
low power probe beam from the index 
discontinuity between the two plastics 
being welded is another useful quality-
control technique: where the weld is 
made the index discontinuity and the 
Fresnel reflection disappears. 

The EU’s “PolyBright” program has 
developed plastics additives that absorb 
infrared radiation without changing the 
plastic’s apparent colour or transpar-
ency, and as an added advantage the 
absorption depth in the plastic can be 
customized by adjusting the concentra-
tion of the additive. In this way, transpar-
ent materials or of the same colour can 
be welded. 

The Gentex Corporation has patented 
the alternate technique of applying an 
infrared-absorbing film (typically as a 
liquid stray) to the plastic interface. The 
liquids used leave a colourless weld. 

Gaps between parts
Automotive taillights and other large, 
contoured, injection molded parts pose a 
special challenge to laser welding. While 
conventional welds are one-dimensional 
or occasionally two-dimensional, these 
are long 3D welds—typically 30 cm or 
more in length. 

A further complication is introduced 
because dimensional tolerances in 
injection-molded parts cannot be held 

JOINING

For complex, three-dimensional 
plastic welds, the “Globo 
welding” technique forces 
the parts together with a 
pneumatically supported glass 
sphere, which also serves as a 

lens to focus the fibre-coupled, diode-laser radiation 
onto the joint. A computer-controlled robotic arm 
rolls the welding head along the joint. 

Top: Globo technique in action, courtesy Huf 
Tools, Velbert, Germany. Bottom: Schematic of 
the optics, courtesy Leister USA
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tightly, so there may be a significant 
gaps between parts being welded that 
can undermine the resulting weld. 

An appealing alternative to clamp-
ing parts in a complex, many-fingered 
clamping jig is to use the “Globo weld-
ing” technique developed by Huf Tools 
GmbH in Velbert, Germany. The tech-
nique involves a glass sphere that is 
pneumatically forced against the part 
being welded. The force pushes the 
parts together, ensuring a good thermal 
contact when the weld is made. The 
sphere also serves as a final lens to 
focus the laser beam onto the joint. This 
physical arrangement guarantees that 
the clamping force is always orthogonal 
to the weld direction, everywhere along 
the three-dimensional weld. 

Regardless of how the parts are forced 
together while the weld is being made, 
there can be significant residual stress 
in the final welded part. A hybrid weld-
ing system, developed at LPKF Laser 
& Electronics AG and the Bayerisches 
Laserzentrum GmbH, both in Erlangen, 
Germany, can reduce that stress by 
thermally softening the parts as the weld 
is being made. In this system, a pair of 
halogen lamps is nestled into the weld-
ing head alongside the laser’s beam-
delivery optics. The infrared radiation 
from the lamps is focused on the weld 
with elliptical reflectors. 

Joining plastics and ceramics
Joints between plastics and ceramics 
are required in a host of devices, from 
microelectronics to piezo actuators, 
and in all sorts of sensors, including 
those that measure conductivity, pres-
sure, pH, resistance and mechanical 
stress. Historically, joints between 
these materials have been made with 
adhesives or with mechanical fasteners 

such as screws or clips. However, both 
of these approaches have disadvan-
tages: Adhesives have long-term stabil-
ity issues and so too do the gaskets 
required for liquid or gas-proof joints 
when screws or clips are used. 

Investigators at the Fraunhofer Institute 
for Material and Beam Technology in 
Dresden, Germany, have developed 
a novel and apparently successful 
technique for laser welding plastics to 
ceramics. They first pattern the ceramic, 
using a pulsed laser to ablate tiny holes 
and pits in the surface. The plastic part 
is then positioned on top of the pat-
terned ceramic and laser-heated so 
it melts and flows into the pits in the 
ceramic, forming a strong weld. 

Challenges for laser welding 
Despite the numerous benefits of laser 
welding, this is not reflected by its 
acceptance as an industrial process. 
According to Stan Ream, laser technolo-
gy, leader at the Edison Welding Institute 
in Columbus, Ohio, U.S.A quoted in the 
Industrial Laser Solutions magazine, 
“Laser welding is hard to do.” [2] 

"There are two seemingly straightfor-
ward mechanical problems: First, the 
joint must be adequately prepared and 
aligned, often with more precision and 
speed than in other welding techniques.  
The second has to do with how the 
welded material reacts to the intense 
heating and rapid cooling associated 
with laser  welding. Some metals, espe-
cially conductors, reflect too much laser 
radiation, while some plastics absorb 
too little. The absorption of some plas-
tics depends on which direction the 
laser is moving across the surface, and 
the absorption of metals changes as a 
function of temperature." 

However, despite these inherent dif-
ficulties, laser welding still holds much 
promise for the future. It can make many 
welds faster and cheaper than conven-
tional joining technology. And as laser 
technology advances, fibre laser tech-
nology in particular, costs decrease and 
efficiency and beam quality increase; 
and so the usefulness and acceptance 
of laser welding can only increase. 

References 
1. G. Shannon and P. Severloh. “Laser micro-

welding of conductive materials,” Industrial Laser 
Solutions, June 1, 2011: www.industriallasers. 
com/articles/2011/06/laser-micro-welding.html. 

2. S. Ream. “Why so little laser welding?,” Industrial 
Laser Solutions, Feb. 20, 2009: www.industrial-
lasers.com/articles/2009/02/why-so-little-laser-
welding.html. 

Breck Hitz is president of Photonetics 
Associates, 123 Kent Road, Pacifica CA  
94044, USA.

Contact
E: breck@leoma.com

JOINING

Breck Hitz is the president 
of Photonetics Associates,  
which provides profes-
sional training in laser and 
fibre optics technology.  
He is located in the San 
Francisco Bay Area.

This is an edited version of ‘Keeping It Together 
with  Laser Welding’, which appeared in the OSA  
magazine 'Optics and Photonics News', November 
2011 and is published with the kind permission of 
the Optical Society of America

See Observations p 37

ILAS 2013: a unique networking and learning opportunity
12 & 13 March 2013     
Nottingham Belfry Hotel, Nottingham UK

Abstract deadline for presentations:  
24 September 2012

For more details 
visit www.ailu.org.uk or call the AILU office on 01235 539595



The Laser User       Issue 66, Spring 2012

Aerospace gas turbines require a 
many thousands of small diam-
eter holes (<1 mm) to provide 

cooling in the turbine blades, nozzle 
guide vanes, combustion chambers 
and afterburner, as illustrated in fig-
ure 1 and Table 1. In the modern jet 
engine the temperature of the gases 
can be as high as 2000 ºC [1], higher 
than the melting point of the nickel 
alloy used in the combustion chamber 
and turbine blades, and the holes are 
introduced primarily to allow a film of 
cooling air to flow over the compo-
nent. As seen in the table, the number 
of holes per component may vary 
from 25 to 40,000. 

Cooling holes can be produced either by 
EDM (electrical discharge machining) or 
by laser. The EDM process uses discrete 
discharges to drill the hole, and although 
it is capable of producing good quality 
holes, EDM it is substantially slower than 
the laser. Moreover, EDM is not suited 
to producing holes at high or variable 
angles of incidence and is not suitable 
for drilling through ceramic or ceramic 
coated materials such as the thin coat of 
a heat-insulating zirconia applied on the 

surface of the blades as a thermal bar-
rier coating (TBC), see figure 2. 

When drilling TBC coated materials with 
EDM, the coating is normally ablated 
first with a Q- switched pulsed Nd: YAG 
laser (short pulses and high peak pow-
ers) followed by drilling with EDM. An 
example of this dual process is high-
lighted in figure 3. 

Pulsed Nd: YAG laser is currently the 
preferred laser choice for drilling appli-
cations in the aerospace industry. The 
1.06 µm radiation couples well into the 
part (both in terms of material absorp-
tion and plasma avoidance) and the high 
pulse energies and peak powers avail-
able are well suited for this application, 
allowing high aspect ratio holes to be 
drilled at high speed in a variety of mate-
rials including thermal barrier coatings. 

There are two different laser-drilling 
techniques used in the aerospace 
industry today, trepanning and per-
cussion drilling. Probably the most 
popular is trepanning which is really 
a cutting technique. The laser beam 
pierces the workpiece just inside 
the perimeter of the hole and then 
tracks outwards to the circumfer-
ence. Then either by rotating the 
workpiece or the laser beam a hole 
is cut out to the correct diameter. 
This technique can produce high 
quality holes. The roundness and 
hole variation are as good as CNC 
machining. The taper of the hole 
can also be of a reasonable quality. 

In the other technique, percussion 
drilling, laser pulses are fired at the 
workpiece and material is removed 
from the hole as a liquid melt. This 
melt is ejected up the sides of the 
hole wall, driven by the vapour pres-
sure which develops within the hole. 
It’s a lot harder to control the hole 

quality using this method. Only through 
the careful control of drilling parameters 
can high quality holes be produced, but 
it has a great speed advantage over tre-
panning. Percussion drilling can also be 
used for drilling "on the fly" i.e. whilst the 
workpiece and laser are in continuous 
relative motion. 

Hole quality is very important but a sub-
jective issue. Factors include geometry 
(hole roundness, taper and variation 
in hole entrance diameter) and metal-
lurgy (oxidation and recast layer). The 
recast layer, melted material that was not 
ejected from the hole and remains as a 
thin layer of solidified metal over the wall 
of the hole, can generate micro-cracks 
that propagate into the parent material. 
Aerospace companies like Rolls-Royce 
have a maximum allowed thickness 
for recast and oxidation layer and geo-
metric tolerances including a maximum 
deviation in circularity. Other aerospace 
companies concentrate more on the flow 
characteristics of an aerospace compo-
nent [2] for judging the hole quality. What 
ever the method, aerospace companies 
are continuously striving to improve the 
hole quality. 

Laser choice
GSI JK704 and JK704TR drilling lasers 
have been the first choice for many 
aerospace drilling applications for some 
decades now. Building on proven pulsed 
lasers technology, a new drilling laser 
has been designed, the JK604D driller. 
The key improvements include: higher 
beam quality, wider operating range, 
faster warm-up characteristic, latest GUI 

DRILLING

Laser percussion drilling of aerospace materials with a 
lamp pumped pulsed Nd: YAG laser
Mo Naeem and Mike Wakeham

Table 1. Typical hole dimensions [1]

Figure 1: Example of laser drilled components
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Component Dia (mm) Wall 

Thickness 

(mm) 

Angle 

(deg) 

No of 

holes 

Blade 0.3-0.5 1.0-3.0 15 25-200 

Vane 0.3-1.0 1.0-3.0 15 25-200 

Afterburner 0.4 2.0-2.5 90 40k 

Baseplate 0.5-0.7 1.0 30-90 10k 

Seal ring 0.95- 1.05 1.5 50 180 

Cooling ring 0.78- 0.84 4.0 79 4200 

Cooling ring  5.0 4.0  90 280

Figure 2: A 
thermal barrier 
coated (TBC)
blade

Figure 3: Ablation + EDM 
drilling of coated material; 
3mm thick nickel based 
alloy with 0.65 mm thick 
coating; ablation cycle 
time 7 secs; EDM cycle 
time 28 secs; 45 degrees 
from the surface; average 
recast layer 6µm  
(Courtesy of Winbro Group) 
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control software and a smaller footprint. 
Table 2 lists the key parameters of the 
JK604D, which are designed for drilling 
a range of hole sizes in a range of mate-
rial thicknesses. This paper highlights 
initial results achieved on coated and 
uncoated aerospace alloys. 

The drilling tests were performed with 
various laser and processing parameters 
(Table 3) for both uncoated and coated 
materials. These trials were carried out 
on Winbro- FHDC 800 5- axis machining 
centre, as shown in Figure 4. 

Results and discussion 
Of primary concern to the component 
designer is achieving the required air-
flow through the cooling holes. Airflow 
is governed principally by the size and 
shape of the hole and hence the need 
for tight control of size, roundness and 
taper. Another consideration is that the 
holes are often to be positioned very 
closely to one another and any devia-

tion in size may cause adjacent holes to 
encroach on one another or weaken the 
component locally. Excessive bellmouth-
ing or barreling is therefore undesirable, 
as is an excessive recast layer and heat-
affected zone. 

Laser drilling results show that it was 
possible to produce very good quality 
holes in a range of aerospace alloys, 
with a minimum taper (<5%) and recast 
layer, very similar to EDM drilled hole 
quality. The cross sections of some of 
the holes drilled at 30º to the surface 
are highlighted in Figures 5 & 6 for both 
nickel based super alloys I.e. HastelloyX 
and single crystal. The hole sizes 
were varied by adjusting the laser and 
processing parameters i.e. peak power, 
focus position etc. 

Because of its high beam quality 
(M2 ≤ 11), holes of diameters down to 
230-250 µm diameter were produced. 
The round smooth beam profile of the 
laser produced holes consistent in both 
roundness and metallurgy. 

Thermal Barrier Coating materials 

TBCs are being widely applied in many 
types of engines and in aircraft's gas 
turbines to increase the temperature 
capability of the engine blades and 
vanes. The TBC insulation is a thin coat 
of yttria partially stablilised zirconia 
(YSZ); combined with a metal layer, the 
so-called bond coat, whose function is 
to protect the base material from oxida-
tion and corrosion and, on its other side, 
to provide with a good adhesion to the 
YSZ. At present, there are two principle 
methods to apply thermal barrier coat-
ings, one is plasma spraying and the 
other is electron beam physical vapour 
deposition (EB-PVD). These methods 
have been studied excessively to avoid 
mechanical and adherence problems 
between coatings and substrate [3, 4]. 

The TBC can be used to reduce the 
metal temperature, to prolong the 
mechanical component's lifetime; or to 
allow a raising of the process tempera-
ture, to produce an increase in efficiency. 

Laser drilling is well suited to the drill-
ing of TBC superalloys since it can drill 
through both the ceramic and metal-
lic layers. During laser drilling, material 
removal may take place by vaporisation 
or melt ejection. The latter arises due 
to the rapid build-up of gas pressure 
in the hole as material is vaporised, 
which ejects molten material. Laser drill-
ing- induced delamination of TBCs have 
been reported by various researchers 
[5], who observed that cracking at both 
the bond coat/ top coat and bond coat/ 
substrate interfaces in laser drilled TBC 
Ni superalloy, though no quantification of 
the effect of such cracking on spallation 
resistance was performed. 

Laser drilling was performed with dif-
ferent coating thicknesses. The holes 
were drilled at both normal and inclined 
angles of incidence. A number of holes 
were drilled with the drilled hole pen-

Table 2: Performance data of JK604D laser

Table 3: Drilling tests parameters 

Laser parameters Processing  
parameters

Peak power Assist gas 

Pulse energy Assist gas pressure 

Pulse width Focus position 

Pulse frequency Nozzle tip standoff 

Power density Angle of incidence 

Pulse shape Spot size

Figure 4: Winbro- 
FHDC 800 5- axis 
machining centre 
and drilling set-up

Figure 5: 2 mm HastelloyX; 30 degrees to 
surface; oxygen assist gas (a) 250 µm dia, 
30-50 µm recast layer, (b) 320 µm dia, 30-40 µm 
recast layer, (c) 540 µm dia, 10-40 µm recast 
layer, (d) 630 µm dia, 20-40 µm recast layer 

Parameters Specification 

Peak power 20kW 

Average power 120-180W 

Max pulse energy 35J 

Pulse frequency 0.2-500Hz 

Pulse width range 0..2-2.5ms 

Beam quality -  
Half-angle x radius 

3.8mm.mrad 

Beam quality- M2 11 

Warm- up time ( from 
standby to 90% of 
steady energy) 

1.25 sec

a

b

c

d



The Laser User       Issue 66, Spring 2012

etrating through the top coat and bond 
coat into the substrate. Laser and 
processing parameters were optimised 
for percussion drilling and trepanning of 
holes without any observable induced 
damage in at the bond coat/ substrate 
interface. The results in figure 6 show 
that it was possible to drill holes of 
250 µm dia, 30-40 µm recast layer, 
330 µm dia, 35-40 µm recast layer, 
400 µm dia, 35-45 µm recast layer, and 
440 µm dia, 30-40 µm recast layer. In 
each case there was no cracking or 
delamination of the coating.

Typical cross sections of drilled holes 
are also shown in Figures 7 and 8. The 
advanced GUI control software of this 
laser makes it possible to drill holes 
with different laser parameters for each 
pulse. When percussion drilling TBC 
coated material, it is very important to 
use correct peak power/ pulse energy 

combination so that the thermal damage 
to coating/ interface is minimised and at 
the same time the peak power is high 
enough to rapidly drill through the metal 
in order to reduce the formation of the 
recast layer along the length of the hole. 

Summary 
The drilling tests carried out with this 
high beam quality laser have shown that: 

1. Good quality holes can be achieved 
in both coated and uncoated mate-
rials. It was very easy to produce 
holes of different sizes without 
affecting the taper and the recast 
layer by varying the laser and 
processing parameters. The reduced 
taper is attributed to better depth of 
focus due to good beam quality and 
the consistently low recast layer is 
attributed to the very circular beam 
profile of the laser. 

2. Laser drilling through TBCs is seen 
to cause no observable cracking of 
the coating nor at the bond coat/ 
substrate interface. The results 
were the same for both percussion 
and trepanned drilling. A significant 
improvement is attributed to the 
advanced GUI software control of 
this laser that allowed the opera-
tor to drill holes with a different set 
of laser parameters for the metallic 
substrate that for the TBC ceramic 
coating. This was found to make a 
considerable difference to the qual-
ity of the drilled holes. 

References 
1. Van Dijk, M.H.H, Vilrger, D de and Brouwer, 

J.E, Laser Precision Hole Drilling in Aero-
engine Components, Proc 6th Conf lasers in 
Manufacturing, May 1989 ISBN 1- 85423-047-6, 
Page No 237-247 

2. Disimile, P.J, and Fox, C.W, “An experimental 
investigation of the airflow characteristics of laser 
drilled holes,” Journal of Laser Applications, Vol 
10 No 2, April 1998, Page 78 – 84 3. 

3. Sivakumar, R and Mordike, B.L, “High tempera-
ture coatings for gas turbine blades”, a review, 
Surf. Coat Technol. 37 (1989), page 139–160 4. 

4. Miller, R.A. and Lowell, C.E, “Failure mechanisms 
of thermal barrier coatings exposed to elevated 
temperatures”, Thin Solid Films 95 (1982), page 
265–273 5. 

5. Corcoran, L. Sexton, B. Seaman, P. Ryan, G. 
Byrne, “The laser drilling of multi-layer aerospace 
material systems”, J. Mater. Proc. Tech. 123 (1) 
(2002), page 100–106. 

6. J. Kamalu, P. Byrd, A. Pitman, “Variable angle 
laser drilling of thermal barrier coated nimonic”,  
J. Mater. Proc. Tech. 122 (2002) page 355–362.  

Mo Naeem is with JK Lasers, Cosford 
Lane, Swift Valley, Rugby CV21 1QN. 
Mike Wakeham is with Winbro Group 
Technologies, Whitwick Business Park, 
Coalville, LE67 4JP,

Contact: Mo Naeem 
E: mnaeem@gsig.com

 

33

DRILLING

Figure 6: 2mm single crystal (CMSX-4); 30 
degrees to surface; oxygen assist  (a) 250 µm 
dia, 30-40 µm recast layer, (b) 330 µm dia, 35-45 
µm recast layer, (c) 400 µm dia, 35-45 µm recast 
layer, (d) 440 µm dia, 30-40 µm recast layer

Figure 7: TBC coated combustor material 
(2.0 mm+ 0.35 mm thick coating); 20 degrees to 
surface; 0.52 mm diameter hole; average recast 
layer 20 µm

Figure 8: TBC coated blade material (3.0 mm 
+0.65 mm thick coating); 30 degrees to the 
surface; 0.7 mm diameter hole; average recast 
layer 29 µm; 15 seconds to trepan

a

b

c

Mo Naeem is a Global Key 
Account Manager  with 
JK Lasers. He has over 22 
years of experience in the 
support of industrial lasers 
with JK and has published 
over 170 papers on laser 
materials processing.

This edited paper appears in full in the 
Proceedings of ICALEO, Anaheim USA, Sept 
2010. It is published with the kind permission 
of the Laser Institute of America. 
www.laserinstitute.com

d

See Observations p 37



The Laser User       Issue 66, Spring 201234

MICRO-PROCESSING

Laser milling allows complex 
parts and tooling inserts to be 
fabricated directly from 3D CAD 

data in a wide range of advanced 
engineering materials such as ceram-
ics, hardened steel, bulk metallic 
glasses, titanium and nickel alloys. 
It is a relatively new layer-based 
machining process that has attracted 
the attention of researchers and 
industry, especially as a technology 
for producing micro cavities for micro 
injection moulding and hot emboss-
ing. The process benefits from the 
comparatively easy integration of 
laser sources in computer numerically 
controlled (CNC) machines, which 
makes it a flexible and efficient mate-
rial processing technology. 

A number of techniques for laser milling 
have been developed; all share the com-
mon feature that the final part geometry 
is created in a layer-by-layer fashion by 
generating overlapping craters. Within 
a single layer, these simple volumes are 
arranged in such a manner that each 
slice has a uniform thickness. Two main 
machine designs exist [1]: (i) a fixed laser 
beam and CNC controlled moving table, 
which provides accurate positioning and 
precise tool paths but is limited to low 
scanning speeds due to the machine 
dynamics; and (ii) a scanning laser with 
CNC controlled focusing, which allows 
high scanning speeds but requires 
repositioning of the workpiece for larger 
parts, which introduces additional errors.

The shape of the laser spot in the abla-
tion process is most often circular with a 
Gaussian intensity distribution, but more 
complex spot shapes and uniform inten-
sity distributions have particular uses. 

A range of machining strategies can be 
employed to remove sequentially layers 
of material and thus to produce complex 
3D structures from 2D data obtained by 
slicing a 3D CAD model.  

This paper comprises two case studies 
in the application of laser milling technol-
ogy for making replication masters for 
micro injection mouldings producing: (i)  
micro-needle arrays; and (ii) functional 
surfaces.

Micro-needle arrays
The use of arrays of micro needles for 
the delivery of drugs offer advantages 
over conventional hypodermic injections. 
Because they are so short the patient 
experiences only minimal discomfort.

The needles in this study are of near 
conical shape as shown in Figure 1, 
while their overall length and base 
diameter are 1000 µm and 600 µm, 
respectively. The needles have inte-
grated channels with 100 µm diameter 
to deliver liquids underneath the stratum 
corneum. The objective is to develop a 
drug delivery platform that is composed 
of an array of 36 hollow micro-needles, 
each fed individually by a drug well and 
independently controlled. Such system 
design allows a controlled release of one 
or more drugs in a single patch.

Manufacturing routes
One manufacturing solutions reported 
by research groups employs wet and dry 
etching of silicon substrates to produce 
micro-needles patches for medical appli-
cations [2, 3 and 4]. Also, patches made 
out of silicon oxide and titanium have 
also been machined [5]. Very precise 
hollow micro-needles can be produced 
this way but these manufacturing routes 
are often slow, costly and offer a limited 
choice of materials. In this case, silicon 
is not suitable for producing devices that 
are in direct contact with human tissue, 
while silicon oxide is too brittle.

Other manufacturing technologies for 
producing masters for replicating arrays 
of micro-needles include: mechanical 
micro-milling, laser ablative milling using 
nano (ns) or pico-sec-
ond (ps) lasers, Electro 
Discharge Machining 
(EDM) and electro-plat-
ing. Figure 2 depicts 
the possible combina-
tions of these technolo-
gies for producing such 
masters.

The ps laser milling of 
polymer masters can 
potentially lead to a 
better surface quality 
than the finish achiev-
able on steel work 
pieces. By electro-

forming the polymer masters it is possi-
ble to produce Nickel shims that can be 
used as mould inserts. However, the ini-
tial production of a micro-needles’ array 
on a polymer substrate would involve 
the removal of a relatively large volume 
of material and the structure would then 
have to be coated with a conductive 
layer before using it as a mandrel for 
electro-forming. There are thus many 
factors that can have a negative effect 
on this process chain, especially the rep-
lication of the high aspect ratio micro-
scale features through electro-forming. 
For these reasons, this manufacturing 
route was rejected as a viable option.

The combination of several technolo-
gies for tool-making, e.g. micro milling, 
micro-EDM and laser milling, is another 
possibility, but introduces accuracy 
issues and realignment problems when 
transferring the machined part from one 
machine to the next. However, the use 
of laser milling to fabricate the inserts 
necessary for injection moulding of the 
micro-needle arrays, minimises sources 
of errors and offers reduced tool-making 
lead time and cost. 

Picosecond machining was chosen 
because of its capability to produce high 

A comparison of nano and pico-second laser milling as 
a tool-making technology

Stefan Dimov, Petko Petkov, Franck Lacan and Steffen Scholz

Figure 1:  An array of hollow micro-needles (left) 
and needle design (right)

Figure 2: Potential process chains for producing masters for replicating 
arrays of micro needles
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resolution features/structures. However, 
it was necessary to adopt a concurrent 
engineering approach in designing the 
mould cavities for micro-needle arrays 
and the respective tool-making proc-
esses. 

Inserts design
A dedicated single sided cavity mould-
ing tool was designed to assess and 
optimise the replication of micro features 
by injection moulding. It was a dedicated 
two sided tool with the core and the 
cavity aligned within the tight tolerances 
dictated by the technical requirements 
for producing hollow micro-needles. 
Initially, to optimise the use of laser mill-
ing technologies, the injection moulding 
insert was designed to replicate blanked 
needle holes which would in turn be 
laser drilled as a secondary process. 

An initial study was conducted with the 
insert shown in Figure 3. It has overall 
dimensions of 3 x 25 x 35 mm and con-
tains only seven needles so that it be 
fitted to an existing experimental test 
rig.The fabrication was achieved with 
an EnvisionTec rapid prototyping (RP) 
machine. This design study showed that 
the required holes can be successfully 
drilled by ps laser machining as depicted 
in Figure 4. Nanosecond laser drilling 
would have been a faster and lower cost 
but not with sufficient tolerance and 
minimum feature size. 

By judicious choice of laser wavelength 
and pulse duration, laser milling tech-
nology can be used with virtually any 
machinable material. A stainless steel, 
such as STAVAX® Supreme Modified 

420, is widely 
used for injection 
moulding tools 
due to its hard-
ness and resist-
ance to wear and 
corrosion. 

Process  
optimisation
A DML40 Sauer 
1065 nm laser 
system, and an 
Oxford Laser 
PicoLase 1000 
532 nm ps laser 

system were used in this study. One of 
the main objectives of this study was 
to investigate the depth that could be 
reached by the ps and ns laser milling 
processes considering the microneedles 
geometry and small base diameter. 

First, the inserts were ground to the 
desired thickness before being lapped 
to mirror finish surface quality and then 
cut to size using wire EDM. The laser 
milling operations were performed by 
a sequence of random hatching inside 
each layer followed up by cuts along 
their borders to achieve the best possible 
surface integrity and edge definition [6].

After laser milling,the machined inserts 
were then cut through the needles’ 
centrelines using wire EDM in order to 
examine and compare the machined 
profiles and depths with the theoretical 
ones. The experiments were repeated 
several times in order to optimise the 
laser power settings.

It was anticipated that at least a small 
part of the core pin used to produce the 
needle hole could feature in the needle 
insert design. However, the trials showed 
that the core pin could not be machined 
satisfactory by laser ablation.

Using the optimized set of parameters 
shown in Table 1, the ns laser milling 
required an opening of 0.6 mm, the 
base diameter of the needles, in order 
to attain a depth of 1 mm. In the case 
of the ps laser, it was possible to reduce 
the base dimension of the needles to 
0.5 mm; with needle cavity cone angles 

of 33º and 28º, respectively; see figure 
5. As can be seen, the micro-needle 
cavities were successfully machined in 
stainless steel workpieces to a depth of 
1 mm using both ns and ps laser milling. 
The machining results were repeatable, 
which is very important for producing 
arrays of needles’ cavities.

The minimum cone angle was a limita-
tion of the laser milling processes but 
this would be advantages for the follow 
up replication process. In particular, the 
micro-needles cavity would need to have 
draft angles to facilitate the de-moulding 
of micro-needle patch.

The needle tips for both processes 
are expected to have a radius of order 
10 µm. Although they were not meas-
ured, a better feature resolution and 
surface roughness was obtained by ps 
laser milling. Further improvements can 
be obtained in regards to the draft angle 
of the micro-needle cavities and the tip 
radius by further optimisation of the ps 
laser milling process. 

Bio inspired surface structures
Biomimetic surfaces have micro and 
nano scale features that provide func-
tional properties such as self cleaning, 
anti-reflective, or drag reduction [6]. In 
particular, research in drag reduction 
in nature have been applied to drag-
reducing materials and mechanisms for 
human-derived technology [7]. 

Advances in micro manufacturing have 
led to the fabrication of various func-
tional surfaces. However, in most cases 
the proposed manufacturing routes are 
limited to laboratory scale implementa-
tions, planar 2.5D surfaces or are too 
cost intensive. Replication processes 
for mass production such as injection 
moulding represents a major commercial 
opportunity for fabricating bio inspired 
surfaces that are economically viable. 

Figure 3 An array of micro-needles - insert (left) and moulded component (right) 
for the initial study.

Figure 4: A micro-
needle, part of a 
fabrication of the 
insert shown in 
figure 3, with a ps 
laser-drilled hole 
(Ø50µm). 

100 µm

Parameter ns ps

Wavelength [nm] 1065 532

Pulse duration 65ns 8ps

Repetition rate [kHz] 35 50

Scanning speed [mm/s] 100 10

Power [mW] 560 125

Fluence [J/cm2] 1.93 1.41

Table 1: Optimised laser ablation parameters for 
laser milling on STAVAX® Supreme Modified 420

0

-0.5

-1.0

Figure 5: Micro-needle feature laser milled in a 
stainless steel mould using the ns (left) and ps 
laser milling (right). The yellow line indicates the 
intended geometry

35
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This case study reports a feasibility 
study on tool-making and replication 
through injection moulding of shark skin 
functional surface structures, employing 
laser milling. Figure 6 shows the model 
for a functional segment of the shark 
skin structure, the teeth-like denticles 
creating tiny vortices that reduce drag. 

In this case study, ns and ps laser milling 
systems were used. The material used to 
fabricate the mould inserts was AISI 316 
stainless steel and prior to laser milling 
the work piece was ground to a surface 
roughness of ~ Ra 250 nm, see figure 7. 

The processing parameters used to per-
form this operation on a ns laser milling 
system, DML 40 Sauer, are provided in 
Table 1. The second machine used to 
produce the same surface structures was 
a ps laser system, Oxford Laser PicoLase 
1000, with two beam line with different 
wave lengths. In this study, the beam line 
with wave length of 355 nm was used 
to structure inserts with the machining 
parameters summarised in Table 2.

Figures 8 depicts the shark skin like fea-
tures on planer and 3D inserts together 
with their replicas produced through 
micro injection moulding (µ-IM). 

Discussion
The quality of the surface structures 
produced by ns laser milling was not 

satisfactory. Significantly better accuracy 
and surface integrity was obtained by 
ps laser processing, but not sufficient 
for the milled structure to be completely 
filled during the injection moulding trials. 

This can be due to the high aspect ratio 
of the structures, 2.6. Further investi-
gations are necessary to improve the 
filling of this micro structured cavity. 
Otherwise, the ps laser system achieved 
better surface integrity and the high sur-
face quality should increase the tool life. 
But all these improvements come at the 
expense of machining time, a factor of 
60 for the lasers used here, over the ns 
laser milling results.

Conclusions
The paper presents two case, both show 
laser milling as a promising manufactur-
ing route for high throughput replication 
of micro structured surfaces by micro 
injection moulding. In the first case 
study, micro-needle cavities were suc-
cessfully and repeatably machined in 
stainless steel workpieces to a depth of 
1 mm using both ns and ps laser mill-
ing. However, the needle cavity cones 
were relatively large, though this could 
be made an advantage for the follow up 
replication processes, especially the de-
moulding of the micro-needle patches. 

Further research is necessary to develop 
the potential shown by this technology, 
especially to optimise simultaneously the 
mould manufacture and replication tech-
nologies, and thus achieve an optimum 
performance from both. 
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Parameter ns ps 

Wavelength [nm] 1064 355

Pulse duration [s] 5 10-7 8 10-12

Repetition rate [kHz] 30 50

Scanning speed [mm/s] 280 10

Power (mW)  5200 40 

Fluence [J/cm2] 1.8 0.31

Machining strategy Profile offset

Time, planar insert [min] 15 630

Time, 3D insert [min] 240 15,000

Figure 6: 
Model of shark 
skin surface 
structures

This edited paper appears in full in the 
Proceedings of ICALEO, Orlando FL, 
November 2011. It is published with the kind 
permission of the Laser Institute of America. 
www.laserinstitute.com

Figure 7 Mould inserts for the shark skin surfaces 
machined by ns laser ablation

Table 2: Laser ablation settings

Figure 8: Shark skin like functional features on 
(l) planar and (r) 3D surfaces and (top to bottom) 
computer model, ns laser mould, ns laser insert’s 
replica, ps laser mould, ps laser insert’s replica
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'Striation free' oxygen-assisted fibre 
laser cutting of thin section mild steel

John Powell et al

John and his co-workers have given a 
useful insight into some key contributing 
factors relating to the generation of stria-
tions in laser cutting and in particular 
the potential for minimising striations – a 
very desirable requirement for many 
applications of laser cutting. 

I think there may be other factors that 
play some role that have not been cov-
ered here, although they most probably 
interact with the two key factors that 
John has identified.

The positioning of the focus with respect 
to the surface is a critical one for me. I 
have to say that with high pressure inert 
gas cutting, I was cutting striation free 
components with a PRC 1.5kW CO2 
laser back in the early 90’s. The trick 
was to focus on the bottom surface of 
the material. In fact the transition from 
smooth finish to striated edge followed 
the focus position down.

I feel that there is still much more to be 
understood here, but John’s article is a 
welcome and significant contribution, 
and I hope his team pursue this in great-
er detail and look forward to reading 
more from them on this most important 
subject.

Martin Sharp 
Liverpool John Moores University

Laser cutting is now a well established 
industrial process and the mechanism of 
striation formation the subject of many 
research papers. It is fair to say that 
the mechanism is well understood in 
the case of CO2 laser cutting and John 
Powell, a well known researcher and 
author of several books on laser cutting, 
has made a significant contribution to its 
understanding.

The rise of cutting systems based 
around high power fibre and disc lasers 
in the last few years has been driven in 
part by the higher cutting speeds pos-
sible with these lasers when cutting thin 
steels compared to the traditional CO2 
laser based systems and in part by the 
fibre optic beam delivery and their sig-
nificantly higher operating efficiency.      

The cut quality of these lasers when cut-
ting thin steels although similar to those 
of CO2 lasers has been shown to have 
a “sweet” spot reflected in minimal or 
no striations. Powell and his co-authors 
have conducted a detailed study on this 
phenomenon linking molten metal flow 
with the laser-material interaction occur-

ring. They clearly show that the Brewster 
angle dependence of the 1 micron wave-
length of the fibre laser is the link to the 
“striation free” cut quality in thin section 
mild steels.  

Overall, the article provides a detailed 
and in-depth explanation of the mecha-
nism behind  “striation-free” edge quality 
in fibre laser cutting of thin mild steel 
sheet.  It is this type of research which 
will eventually lead to grater adoption of 
the process by the manufacturing com-
munity.

Milan Brandt   RMIT, Australia

An overview of laser welding metals 
and plastics 

Breck Hitz

This is an interesting article providing a 
general overview of some laser welding 
applications. I am sure it will be of inter-
est to many of the industry based mem-
bers of AILU. 

One of the key points the article high-
lights is the large number of applications 
involving dissimilar materials; lasers 
provide a unique capability here. This is 
due to high level of spatial and temporal 
control that lasers provide compared to 
say traditional arc welding power sourc-
es. This control, when combined with a 
scientific approach to solving material 
incompatibility issues, means that lasers 
can solve joining problems which other 
methods cannot tackle. 

I agree with the final statement regarding 
‘why so little laser welding’ – despite all 
the major benefits that lasers can pro-
vide. I have my own theories about this, 
including the fact that it is hard to do 
(this should not really be the case and it 
is interesting to consider why we are in 
this position). The reasons highlighted 
in the article are also certainly valid. 
However whilst mentioning the rapid 
heating and cooling the author seems 
to relate this to absorption issues. More 
pertinent really is that the high cooling 
rate can lead to some significant metal-
lurgical issues. 

Stewart Williams   Cranfield University

Laser percussion drilling of aerospace 
materials with a lamp pumped pulsed 
Nd: YAG laser

Mo Naeem and Mike Wakeham

This paper provides a good overview 
of cooling hole manufacture in aero-
space and focuses on the main quality 
measure we use when assessing holes. 

Certainly the sections show some good 
results with good hole shape and a 
generally  even recast layer at levels 
lower than many might achieve today. 
However, in my opinion these recast 
levels are still above typical production 
EDM values and this appears to be sup-
ported by the example given in figure 3, 
where the EDM recast is shown as 6µm.

The authors comment on the roundness 
of the holes and show some examples of 
the hole entrances but it would be use-
ful if some transverse sections had been 
given to demonstrate the roundness a 
various heights down the hole. 

All this leads us to the question – “how 
much does it cost to produce these 
example hole?” Figure 8 gives one 
example but it would have been useful 
if the paper gave more examples of the 
processing times for the holes present-
ed, with the well established caveat that 
actual times will vary depending on the 
application.

Overall it appears that GSI have pro-
duced a new source which could take 
over from the much loved JK704 and 
compete in this very demanding niche 
market.

Clive Grafton-Reed   Rolls-Royce

It’s always interesting to see work done 
on a new pulsed Nd:YAG laser, although, 
rather than bursting onto the scene in a 
blaze of glory, the JK604D seems rather 
to have crept in under the radar, as so 
little has been heard about it.

While the article makes interesting read-
ing, there are a number of points which I 
feel would be worthy of further clarifica-
tion –

• While I think everyone would 
agree that the JK704 and JK704TR 
lasers have been industry standards for 
a number of decades, I wonder if their 
replacement does not leave one feeling a 
little disappointed. OK, the beam quality 
is better, which will give smaller, longer 
holes, but the remainder of the laser 
performance does not seem to be vastly 
different, at least on paper. Also, if the 
size and weight of the new laser head is 
considered, it’s hard to see how many of 
the 704 lasers could be replaced by the 
new 604.

• Beam Quality measurements. 
The single shot burns seem to show a 
“Sweet spot” at 200W, while the beam 
at lower power levels seems to have a 
rather poor shape, certainly not good 
enough for percussion drilling. However, 
figure 6 of the full ICALEO paper shows 
that the best beam quality occurs at 

Short comments on papers in this issue



The Laser User       Issue 66, Spring 2012

OBSERVATIONS

somewhat less than 200 Watts, and at 
differing average power levels depend-
ing on which laser parameters are cho-
sen. I wonder how a typical user would 
be able to find the correct operating 
point on a day to day basis given the 
apparent difference between peak laser 
output and optimum beam quality.

• In the results section some rea-
sonable quality hole sections are shown, 
although some exhibit rather more bell-
mouthing than I think would be accept-
able to the average OEM, the conven-
tions for recording the hole angles are 
mixed, resulting in confusion as to which 
holes are at which angles. The majority 
of holes claim to be at 30 degrees to 
the surface but clearly are not; they may 
be at 30 degrees from the normal. The 
angle of incidence of laser drilled holes 
makes a huge difference to the com-
plexity of the drilling process. With many 
OEMs demanding ever shallower drilling 
angles, the ability to drill holes at angles 
down to 16 degrees to a surface should 
be one of the primary objectives of any 
drilling laser, and this does not seem, 
yet, to have been demonstrated.

Peter Thompson   Laserdyne Systems

This article provides some detailed per-
formance data about a particular laser 
used for drilling holes.  Thereafter there 
are some pictures of holes drilled in 
aeroengine alloys and thermal carrier 
coatings using this laser. The holes look 
quite impressive but unfortunately it is 
rather difficult to provide much other 
comment about the results as no proc-
ess parameters are given at all. We are 
told that by changing the parameters 
different hole sizes are produced which 
is somewhat unremarkable. The other 
main conclusion is that the holes have 
reduced taper due to the better beam 
quality of the laser but no evidence is 
presented for this (e.g. holes drilled 
under the same conditions with a laser 
of worse beam quality).

Stewart Williams   Cranfield University

A comparison of nano and picosec-
ond laser milling as a tool-making 
technology

Stefan Dimov et. al.

This article addresses an area of laser 
micro-machining that is increasing in 
interest. Advances in laser milling are 
enabling more complex features to be 
micro-fabricated. However, often, the 
challenge is to transfer a direct machin-
ing ability to mass production using, 

for instance, injection moulding. Here 
nanosecond and picosecond laser mill-
ing has been used to create mould tools 
for micro-needle structures and a func-
tional, low drag, surface structure. While 
the results are interesting and add to the 
general body of information in this area, 
it should be noted that the two lasers 
used vary not only in pulse duration 
but also wavelength which is known to 
have a significant effect on the quality of 
machining. For instance, micro-needle 
arrays, and moulds for such arrays, 
have, for some time, been successfully 
machined at much higher densities than 
reported here using UV nanosecond 
lasers. The presented data also shows 
that the difference in thermal load 
between infrared nanosecond machin-
ing and UV picosecond machining is a 
contributing factor in the ability to pro-
duce the high aspect ratio mould tools 
for creating functional surfaces. While 
this article demonstrates the use of laser 
machined replication it would have been 
interesting to see surface analysis data 
for the machined surfaces and to have 
some indication of the quality of mould-
ed structures over a larger area. Having 
said this, the article shows data of the 
general good quality metal machining 
that is possible with picosecond pulsed 
lasers and how this opens opportunities 
for mould tooling. In doing so, the transi-
tion from prototyping to mass produc-
tion becomes a step easier.

Julian Burt   Bangor University

Here are two interesting case studies 
in the field of laser micro-milling. The 
authors are very experienced in laser 
micro-milling and also have at their dis-
posal a range of suitable laser tools to 
make valid and interesting comparisons. 
The results show quite nicely that for 
laser micro-milling the picosecond laser 
is capable of producing finer features 
with greater accuracy than the nanosec-
ond or microsecond lasers.  It is noted in 
the paper that the process time for the 
shark skin features was 60 times faster 
with the nanosecond laser. However, 
the nanosecond laser power used was 
130 times higher than the picosecond 
laser power used. The picosecond laser 
was only being used at a fraction of its 
maximum power so it would have been 
interesting to have tested them at the 
same power. In which case would the 
picosecond laser process speed have 
been comparable with the nanosecond 
speed? Also would the quality of the 
picosecond process have been as good 
at the higher power as it was at the 

lower power or would it have degraded 
in any way?

Martyn Knowles   Oxford Lasers

This interesting research article looks at 
laser milling of particular geometries on, 
for example stainless steel, then com-
bining this with micro-injection moulding 
for replication of the required positive 
structures in polymers. In particular, 
a comparison of the surface finish 
obtained with NIR nanosecond pulses 
and picosecond pulses at 532nm and 
355nm is presented with corresponding 
optimised laser parameters. Two quite 
different applications are presented. 

The first is clinical, the production of 
a micro-needle array for drug delivery 
through the skin and requiring 7 conical 
needles with ~0.6mm base and 1mm 
height hence total machined volume V 
~0.7mm3 on a 25 x 35 x 3mm substrate.

After optimisation, nanosecond laser 
parameters were λ = 1065nm, 65ns, 
35kHz, 0.56W and fluence F =1.93Jcm-2  
while visible picosecond (8ps) process-
ing was carried at 50kHz, 0.125W and 
Fluence F = 1.41Jcm-2. The  required 
offset 50µm holes through the needles 
(for drug delivery) were achieved by 
ps laser ablation of the blank polymer 
needles. While both lasers produced 
acceptable finishes, better features and 
lower surface roughness were inferred 
by ps laser milling.

The second application involved fabri-
cation of a functional surface structure 
– “shark skin”, with teeth-like denticles 
which create tiny vortices and drag 
reduction. Dimensions required here 
were base width w λ50µm with an aspect 
ratio λ2.6.  In this case, NIR nanosecond 
laser milling was much inferior to that of 
NUV (355nm) picosecond, highlighted by 
the difference in the quality of the repli-
cation process. Even so, ps laser milling, 
although promising, requires further opti-
misation and took 60 times longer than 
with the NIR laser source. 

The question of improving primary 
structure fidelity was mentioned – and 
alluded to earlier in the article (eg alter-
native intensity distribution to Gaussian). 
Certainly, this is an interesting possibility 
(eg through a DOE) and it may be use-
ful to compare processing, for example, 
under liquid which might improve residu-
al surface roughness – although there is 
an additional drawback that the ablated 
debris has to be removed quickly at the 
rep. rates involved. 

Walter Perrie 
Lairdside Laser Engineering Centre
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The AILU Additive Manufacture Special 
Interest Group, supported by The 
Additive Manufacturing Association and 
the ESP KTN and Materials KTN, brought 
together a record 75 delegates to review 
the latest innovations in additive manu-
facturing. This year’s workshop was held 
for the first time at the Manufacturing 
Technology Centre and included a tour 
of the new facilities there.

In a packed programme of 13 presenta-
tions, put together and chaired by Rob 
Scudamore, the Chair of AILU's AM SIG, 
academic specialists and researchers 
in many disciplines presented their lat-
est work and the current state-of-the-art, 
while commercial users in laser and non-
laser AM technologies highlighted current 
technical barriers and other restrictions to 
successful commercialisation. The exploi-
tation of AM requires a broad skills base 
spanning materials, material testing and 
processing knowledge, design, CAD and 
mechanical engineering and the event at 
least touched upon all of these topics.

A particular highlight for those not totally 
up to date in the field must have been 
the scale of Renishaw investment in the 
manufacture of commercial AM machines 
announced by Stephen Crownshaw. The 
company will continue to use their cur-
rent Gloucestershire base for R&D but has 
acquired a large site in Cardiff for future 
manufacturing. Renishaw is well known for 
its measurement tools and focus on quality 
control, and in making this AM undertaking 
they are taking on the challenge of control-
ling the many process parameters involved 
in additive manufacturing, currently a great 
challenge in safety critical applications for 
AM, such as the manufacture of aerospace 
components. Stephen coined the expres-
sion "Design for AM manufacture" and 
noted that whilst German toolmakers were 
exploiting AM their UK counterparts were 
not; two points that resonate strongly with 
AILU's more general view of lasers in cur-
rent UK manufacturing. 

In her fascinating presentation of AM case 
studies, Emma Ashcroft (TWI) included the 
repair of hydraulic pump shafts. The use 
of AM in repair is a big application area 
and the presentation by David Wimpenny 
(MTC) focused on remanufacture. This is 
another area where, supporting current 
environmental legislation, there must be 
many subcontract opportunities in the 
UK, especially in relation to turbines, and 
Dave's talk included an interesting example 

of the repair of several turbine blades in 
series. As he pointed out, the main chal-
lenge in remanufacturing is to return the 
part to 'as new' whatever its shape. 

Later in the day, Phil Kilburn of 3T RPD, a 
leading AM subcontractor, concentrated on 
the challenge for CAD software to adopt 
a completely new approach and on the 
benefits of AM for reducing component 
weight, in particular where flight or high 
acceleration is involved. 

In a keynote presentation of AM adoption 
in aerospace, Jonathan Meyer (EADS) 
concluded that whilst the main motivation 
was savings in the cost of materials, in 
order for AM to be adopted over competing 
technologies more effort is required to 
speed up the process and (a common issue 
for laser processing) to make it cheaper. 

Due to transport problems, Steve Rommel 
(Fraunhofer IPA) arrived late and as a 
result his presentation was the last of 
the day, where a video he showed of an 
AM-manufactured robot arm in the form 
of a lightweight elephant trunk picking and 
placing objects. The theme of his talk was 
on the benefits of creating parts by AM with 
features that mimicked geometries found in 
nature; for example a clip-on porous cover 
that replaced plaster casts on broken limbs.

Special thanks are due to Rob Scudamore 
who put together an excellent programme 
and chaired the meeting, and to the support 
of Dave Wimpenny on the day and, in 
his role with the Additive Manufacturing 
Association, for doing so much to publicise 
the event; supported in the latter by Stuart 
Maclachlan (Materials KTN) and Ian Tooley 
(ESP KTN)

Mike Green    mike@ailu.org.uk

EVENTS

Energy efficiency of remote cutting 
compared to conventional fusion  
cutting

Matthias Lütke et. al. 

This is a very interesting paper from the 
Dresden team. It’s the first time I’ve seen 
remote cutting used to cut anything 
other than simple holes in car bodies 
etc – it’s also the first paper I’ve seen 
to refer to the ‘jerk’ of a machine – a 
sort of ‘acceleration of the accelera-
tion’ – measured in meters per second 
cubed. It looks like this could develop 
into a good way of producing goods in 
thin section metals at very high rates. I 
would be interested in a comparison of 
cut edge quality between remote and 
standard laser cutting – and I’m sure this 
will be the subject of future work.

John Powell   Laser Expertise

This paper provides a good overview 
of laser remote cutting. The great thing 
about a fibre laser is the beam quality 
which allows the beam to be focused to 
very small spot size, producing sufficient 
intensity to vaporise the material dur-
ing cutting. Remote cutting is partially 
vaporising and melting process and 
does not use any assist gas. The author 
highlighted that remote cutting is a very 
flexible cutting process with high cutting 
speeds; however, this technique is only 
useful for thin foils, rather than thicker 
sections (>1mm thick). Remote cutting 
is carried out with several passes to cut 
through, which can lead to increased 
heat- affected zone and distortion of the 
part. When cutting fine features the most 
important thing is the cut quality and not 
the processing speed and that is why 
the majority of cutting is performed with 
assist gas rather than remote cutting.

Work at JK Lasers has highlighted that 
dross free and very little affected zone 
cuts can be produced in thin foils (50-
200µm) in a range of materials i.e. alu-
minium, copper, stainless and titanium. 
These foils were cut with 400W single 
mode fibre laser; however the cut qual-
ity deteriorates as the material thick-
ness increases.  It may be possible to 
improve the cut quality with increased 
laser power, but that will also increase 
the process cost. 

In summary remote cutting is very good 
for thin foils which require high cutting 
speed and good quality and for thick 
section materials gas assist cutting is 
the preferred cutting process.

Mo Naeem   JK Lasers

The Innovations in Manufacturing workshop that took place on 16 May will be reviewed in the next issue 
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Lasers lead the way in additive manufacturing
29 March 2012

Manufacturing Technology Centre   Ansty Business Park   Coventry

Workshop speakers (l to r) Jürgen Metzger (Trumpf); 
Emma Ashcroft (TWI); David Wimpenny (MTC); 
Fatos Derguti (Sheffield Uni); Phil Kilburn (3T RPD); 
Rob Scudamore (Chair, TWI); Stephen Crownshaw 
(Renishaw); Jeff Allen (Rolls-Royce); Stuart Jackson 
(EOS); Richard Hague (Loughborough Uni);  
Adam Clare (U of Nottingham); Jonathan Meyer 
(EADS); Hadi Zarringhalem (Materials Solutions). 
Missing is Steve Rommel (Fraunhofer IPA)



The Laser User       Issue 66, Spring 201240

A number of events of particular signifi-
cance to the UK laser materials process-
ing (LMP) community form the backdrop 
to this issue of the magazine. These are, 
in chronological order: the LMP strategy 
workshop at Farnham Castle (21 & 22 
February), which placed AILU at the 
centre of plans for a UK LMP roadmap; 
a highly successful additive manufactur-
ing workshop, held in collaboration with 
the Additive Manufacturing Association 
at the Manufacturing Technology Centre 
in Coventry (29 March); the AILU pavil-
ion stand at MACH 2012 (16 - 20 April); 
and, just over a week before this issue 
went to press, the news that, in a stra-
tegic collaboration with the University 
of Strathclyde, the German Fraunhofer 
Gesellschaft, Europe's largest organisa-
tion for applied research, is establish-
ing a Fraunhofer Centre for Applied 
Photonics in Glasgow. 

With apologies that a full report on 
the outcome of the Farnham Castle 
workshop won't appear until the next 
issue, Martin Sharp does include a 
summary of the main conclusions in his 
President's Message (p 19). The AILU 
pavilion stand at MACH 2012 gets a few 
more column inches (p 1 and opposite) 
and the AM workshop a little more still 
(p 39). The Fraunhofer news (p 2) could 
prove be highly significant for the LMP 
community, and it is good that ex-Pres-
ident Tim Holt, who has been heavily 
involved in this initiative, has re-joined 
the AILU committee (p 1). 

Ever the optimist, I would like to think 
that each of these events will bring 
great future benefit to the Association 
and to the wider LMP community. I look 
forward to a roadmap that will lead to a 
more effective and efficient use of LMP 
resources, a growing activity in the dis-
ruptive LMP technology that is additive 
manufacturing, a strengthening of LMP 
product and service providers in AILU's 
Design for Laser Manufacture initia-
tive and, if not a LMP Catapult, a big 
improvement in the transfer process for 
LMP into manufacturing industry.

One thing that is for sure is the grow-
ing importance of fibre lasers in LMP 
and in many ways the cover photo 
and the accompanying article in which 
Dave Connaway, a veteran CO2 laser 
job shop owner, gives the thumbs up to 
fibre lasers, could not make the point 
more strongly.

Mike Green, Editor 
mike@ailu.org.uk 
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AILU events 
September
24 ABSTRACTS DEADLINE for 

the ILAS 2013 2-day event 
Contact AILU or take the event 
link on the AILU web site home 
page for full details

 See adverts p1 and 30

October
23 JS12

The annual AILU job shop 
business meeting organised by 
the job shop group. This year's 
meeting includes a tour of the 
JCB production line.

 JCB World Headquarters,  
Rocester, Staffs

 

AILU-supported events
June 2012
26 Innovative Manufacturing 

Research Centre Conference 
Heriot-Watt University, 
Edinburgh

September 2012
23 ICALEO (23 - 27) 

Anaheim CA, USA

25 MICRONORA (25 - 28) 
Besançon, France

25 MM Live (25 - 26) 
NEC, Birmingham UK

November 2012
28 espace LASER (28 - 29) 

Parc expo Mulhouse, France

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

When AILU members arrived to set up 
their stands in the pavilion, many found 
that the floor plan had been significantly 
changed. The pavilion was now at the 
exhibition boundary and the layout of 
stands had been changed during their 
erection: The AILU lounge area (see figure 
1) and some of the stands in the pavil-
ion were reduced in size and some that 
should have been corner units no longer 
had two open sides. Despite this poor 
start, the AILU pavilion proved a big suc-
cess, as the survey on page 1 indicates.

From a Laser Materials Processing 
(LMP) point of view the main disap-
pointment at MACH was that most of 
the laser machine manufacturers rep-
resented in the UK (including Trumpf, 
Bystronic and Prima) were not exhibit-
ing though some strong positives at the 
show helped to balance this.

I was extremely impressed by the 
BLM Group stand: Built around a most 
impressive automated 6m fibre laser 
tube cutting machine, it proved a great 
draw in Hall 4 and a great advertisement 
for how state of the art laser processing 
can revolutionise manufacturing. This 
was backed up with free laser cut and 
marked metal 'footballs' assembled on 
the BLM stand from cut square tubing. 
They provided an excellent example of 
laser tube cutting benefits; including cut-
ting complex curves and incorporating 
clips to lock the parts together (see fig-
ure 2c). The ball proved a great success 
with the many students who came to the 
Education and Training Zone in Hall 4; 
we need to sow such seeds to provide 
our future laser engineers.

Another LMP highlight of the show for 
me was the Salvagnini 'butterfly in cage' 
fibre laser cut sample on display on the 
IPG stand, see figure 3. Designed by 
Salvagnini's laser applications depart-
ment in Italy, it is an impressive example 
of what the finer focus of a fibre laser 
machine is able to offer over its CO2 
counterpart. It is made in 0.8 mm thick 
electro-zinc coated steel and was cut 
at 45 m/min on the Salvagnini L5 3015 
flatbed machine, taking less than 2 min-
utes to complete.

As a final observation, there were the 
usual gripes that exhibiting at MACH is 
too expensive, and visitors complaining 
about the cost of parking. With Southern 
Manufacturing at Farnborough scoring 
better on both counts and becoming 
more popular, MACH and the NEC may 
have to raise their game in 2014.

Mike Green    mike@ailu.org.uk

Personal impressions of MACH 2012
Pictures from the show

Figure 1: In the AILU pavilion lounge: members 
(l to r) Mark Wilkinson, Martin Sharp, Stephen 
Ainsworth and Jim Fieret

Figure 2: (a) 
The 6m BLM 
fibre laser 
tube cutting 
machine on 
display at 
MACH; (b) 
free metal 
tube footballs 
made and 
assembled on 
site attracted 
lots of interest; 
(c) in the best 
traditions 
of ingenuity 
in 'design for laser 
manufacture', the laser cut 
tube football includes a tab 
that springs up and locks the 
assembly together.

1

2a

2b

3a
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Figure 3:  
(a) The 
'butterfly in a 
cage' sample 
has an outer 
diameter of 
100`mm. The 
lace work in 
the butterfly 
wings is seen 
to be extremely 
fine.

(b) The 
concentric 
circles are not 
completely cut, 
to allow them 
to be pushed 
out by hand to 
form the cage. 

2c

Figure 4: Facing the AILU Pavilion lounge area, 
the iP Laser stand brought together some well 
known characters in the laser cutting scene.  
(l to r) Ivan Cooper (iP Laser), Dave Lindsey (Laser 
Process), Peter Olle (iP Laser), John Trickett 
(Amada), Bill Brown (Subcon Laser Cutting) 
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