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this target over 160 million 

additional people need to be 

provided with sanitation and 110 

million with safe water each year.  

The problem of access to proper 

sanitation is increased in disaster 

situations and so engineers with 

the relevant water and sanitation 

skills are always in high demand 

in disaster areas. 

A MORE 
COORDINATED 
APPROACH
Following on from the Asian 

tsunami, better coordination 

and management of disaster 

response was called for.  In reply 

to this need, the UN introduced 

a pioneering ‘cluster’ system, 

based on the key areas crucial 

to disaster relief such as water 

supply, sanitation and hygiene 

(WASH) and shelter.  The clusters 

aim to provide a predictable 

and more coordinated response 

to major emergencies.  RedR 

is heavily involved with the 

WASH cluster, lead by UNICEF, 

and Water and Sanitation 

Engineer and RedR staff member 

Toby Gould is responsible for 

project-managing the selection 

and training of these cluster 

coordinators.  

As with all disaster responses, 

the WASH response involves 

engineers, health professionals 

and programme managers 

working together to provide 

water supply and latrines.  

They also ensure that what 

is provided is what the local 

communities want and that the 

communities know how to use 

them properly.  With the support 

of RedR, engineers and other 

aid professionals can continue 

working together, using their 

skills to help the millions who 

are affected by conflict, draught, 

floods, earthquakes 

and hurricanes each year. 

RedR has 27 years’ experience of 

placing engineers and providing 

training in emergency situations.  

Having trained and experienced 

engineers making the decisions 

in the very early stages of an 

emergency means that water 

and aid workers can be directed 

to saving people’s lives and relief 

money is used to its greatest 

benefit.

Further reference 

www.redr.org.uk

info@redr.org

REBUILDING LIVES IN TIMES OF DISASTER

Emergency (Oxfam) water tank construction at Maira Camp, NWFP, Pakistan 
© Step Haiselden, RedR

GETTING INVOLVED WITH REDR
RedR is always looking for members with the right skills and 

experience to join its register.  RedR membership is seen as 

a mark of approval from many aid agencies, owing to the 

rigorous assessment criteria.  To be accepted as a RedR member, 

a minimum of two years’ professional experience and some 

overseas experience, preferably working with NGOs, is required. 

To develop particular skills or gain a better understanding 

of the relief sector, applicants both with and without the 

necessary experience can attend one of RedR’s training courses.  

Undertaking a development-related assignment overseas can 

also be used as a stepping-stone into relief work.  Chartered 

Engineer status is highly valued when assessing suitability for 

membership.

Professionalism in the sector is increasing and now engineers 

are expected to have not only suitable professional experience 

but also management and training skills in order to work in 

disaster areas. 

Chantal McIlveen-Wright, RedR’s Membership Manager, 

stresses how important it is that engineers and other 

professionals who want to become aid workers have the ability 

to train others.  She says, “It is vital that they can pass on the 

relevant knowledge to the local communities, to ensure that the 

work is continued after they have left.  Relief workers also need 

to have an open mind, be sensitive to cultural issues and be able 

to adapt easily to different environments and ways of working. 

BIOGRAPHY – Martin McCann
Martin McCann has been CEO of RedR for 15 months and has 

been involved in international development for the last 30 

years, ranging from a two year volunteer posting in West Africa 

to the more recent role of Programme Director and Deputy 

International Executive Director of Plan International. 

New technology has dramatically improved the levels of measurement and precision 

achieved in manufacturing.  The new challenges posed and opportunities enabled by ‘ultra-

precision’ are important in many fields; from the mirrors needed for large-scale telescopes 

to optics and machines that help make integrated circuits.  Professor Paul Shore of Cranfield 

University’s world-recognised Precision Engineering Centre, tells of the advances in 

manufacture and the associated measurement capabilities for ultra precision surfaces.

Much discussion and attention has been 

focused on activities coming under the 

heading of ‘nanotechnology’.  In contrast, 

little emphasis has been placed on 

technologies that offer nanometer-level 

qualities but applied to larger scale items.  

These activities are commonly referred to as 

‘ultra precision’ technologies.

The quest for precision is a dynamic, 

continuously evolving process in which 

new technologies are constantly being 

developed and benchmarks repeatedly shift.  

What can be described as an ‘ultra-precision’ 

surface has significantly changed during the 

last few decades. 

INFINITESIMALLY SMALL
Ultra-precision surfaces are today often 

expressed in terms of their accuracy relative 

to their size.  For example the most accurate 

surfaces produced today have a relative 

form accuracy to size ratio of one part in 108.  

This ratio equates to 10 nanometres (or 100 

hydrogen atoms) form accuracy on a one 

metre component.  Surfaces of this extreme 

quality are commonly employed in ground 

and space-based optics (for the mirrors).

A number of next generation science 

programmes will demand many hundreds 

of large scale ultra-precision surfaces.  These 

programmes include the US led Thirty 

FABRICATION AND USES OF
ULTRA-PRECISION SURFACES

WEALTH CREATION

Ion beam figuring of an ultra-precision 
lithography optic © Zeiss SMT AG
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Metre Telescope (TMT) project and the 42 

metre European Extra Large Telescope (E-

ELT) – led by the European Organisation 

for Astronomical Research in the Southern 

Hemisphere.  These ground-based 

telescopes will, amongst addressing other 

science issues, provide the capabilities for 

detecting earth-like planets of far-away stars.

The barriers to making even smoother 

and more precise surfaces represent key 

demands needed to unlock new methods 

and products - not least how to produce 

them faster and more economically.

THE RELEVANCE
Ultra-precision surfaces enable many 

products and systems to function; often they 

define product performance.  An important 

example is the quality of the surfaces within 

the optical tower of a lithography wafer 

stepper.  These wafer steppers are the 

machines that make the integrated circuits 

for computers.  It is the extremely high 

quality of lithography system optics which 

significantly dictates the small feature size 

of transistors within an integrated circuit.  

Today the smallest feature size is only 40 

nanometres. 

The greater the degree of precision with 

which patterns on integrated circuits can 

be defined, the greater the density with 

which components can be packed – a fact 

that underpins the continuing validity of 

Moore’s Law as he restated it in 1975 – the 

contention that the number of transistors 

which can be economically placed on an 

integrated circuit doubles roughly every 24 

months.

Ultra-precision smooth surfaces such 

as those needed for state-of-the-art optical 

devices, for example lenses and mirrors, 

can be thought of as extreme examples of 

what are called ‘structured surfaces’, surfaces 

designed by engineers to perform  specific 

functions.  In these cases they optimise the 

transmission and reflectance of light. 

MEASURING UP
Modern high-precision engineering has 

improved in accuracy capability over the 

last 50 years broadly in the range of three 

orders of magnitude, from the micrometre 

to the nanometre, (10-6m to 10-9m, the 

capability of which is now frequently called 

‘ultra-precision engineering’) or engineering 

nanotechnology.

In order to manufacture to accuracy on 

these orders of magnitude, we must be able 

to measure as much as five or 10 times better 

towards the level of an Ångstrom 10-10 m.

MAKING THE SURFACES
Typically the processing chain for fabrication 

of ultra-precision surfaces would be based 

on a sequence of diamond machining, 

followed by free abrasive polishing and 

finally an energy beam removal process such 

as ion beam figuring.

The diamond machining process 

employs ultra-precision machines 

whose motions are controlled by laser 

interferometers with nanometre resolution.  

These motions ’float’ on non-contacting fluid 

film bearings and incorporate temperature 

control to better than 0.01°C.  The Cranfield 

BoX® is a state-of-the-art example of 

such a machine.  It provides the ability to 

produce surfaces with a dimension of up 

to two-metres having form accuracy of 1-2 

micrometres.

The output quality of the diamond 

machining stage is the input quality for a 

subsequent free abrasive process.  This free 

abrasive process stage needs to improve the 

form accuracy from one part in 106 to better 

than one part in 107 (from one micrometre 

to better than 100 nanometres for a one 

metre size surface).  The free abrasive 

process also must improve the surface 

texture from 100 nanometres to below one 

nanometre average roughness. 
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THE SCALE OF THINGS – WHERE MICROENGINEERING AND NANOTECHNOLOGY FIT

Optical tower of an advanced lithography wafer stepper: making possible transistor features of 
<40 nanometers through use of numerous ultra precision optical surfaces

FABRICATION AND USES OF ULTRA-PRECISION SURFACES WEALTH CREATION

• Cigarette smoke particles

• Profile accuracy best X ray ‘mirror’

• Best servo-positioning conventional CNC Machine tools

• Virus dimensions

• ‘Flying Height’ – hard disk head

• Feature size of IC transistors
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SMOOTHING 
DOWN THE PEAKS
The free abrasive process stage is a sub-

aperture process which uses a ‘time-dwell 

approach’ whereby a tool dwells on the high 

point regions in comparison to relatively 

low regions.  The calculation and control of 

the tool path motions is highly complex, 

demanding precise error map measurements 

of the input surface quality.  Laser 

interferometers are used to generate surface 

‘error maps’.  From these error maps, tool 

path motions are calculated which figure the 

input quality to the desired surface shape.

Final processing of extremely precise 

optics such as telescope mirrors and 

lithography lenses demands non contact 

processing in order to achieve the necessary 

form control.  Today’s established technology 

of this type is broad ion beam figuring, 

whereby ions are accelerated to bombard 

surfaces which in turn knock out ions to 

achieve a sub-nanometre surface removal 

technology.  This ion-based process also 

employs a variable time dwell to converge 

on the demanded surface shape.

FINISHING PRECISE OPTICS
At the end of 2007, the European 

Organisation for Astronomical Research 

in the Southern Hemisphere (ESO) signed 

a contract worth €5 million to produce 

an initial batch of seven mirrors with 

Optropreneurs Limited in North Wales.  The 

order is one of several that ESO is placing to 

provide organisations with the opportunity 

to demonstrate their ability to produce 

the necessary mirrors and provide a clear 

description of the production route for 

fabricating these ultra precision surfaces. 

The project is the European Extremely 

Large Telescope (E-ELT), an optical and 

infrared telescope with an estimated cost of 

€800 million that is due to go into service in 

2017.  The core of the E-ELT, an initiative of the 

ESO, will be a 42m diameter mirror composed 

of 906 hexagonal segments each of which 

will be 1.45m in size and will have a form 

accuracy of < 25 nanometres.  This order from 

ESO is the first large optics fabrication order to 

be secured in the UK for over 25 years.

INNOVATIVE TECHNOLOGY
A new process has recently emerged from 

the US National Ignition Facility project, at 

the Lawrence Livermore National Laboratory, 

which alters this situation markedly.  

Reactive Atomic Plasma (RAP) technology 

is essentially a controlled etching process in 

which the chemical activity is constrained 

within an argon plasma plume.  The 

plasma plume can be traversed across the 

surfaces involved using the same time dwell 

technique that is employed for ion beam 

figuring.  However, RAP has a wider material 

removal rate capability, faster but with 

finer control and operates at atmospheric 

pressure, which makes it potentially more 

cost-effective than ion beam figuring. 

It is highly significant, therefore, that it is 

intended that at the Ultra-precision Structured 

Surfaces Centre based at Technium OpTIC at 

St Asaph, North Wales (UPS2) the third stage 

of the ultra-precision manufacturing process 

will be provided by the latest RAP technology 

because it promises to be significantly faster 

than existing alternatives.

The production facilities at UPS2 already 

include a Cranfield BoX® ultra precision 

diamond grinding machining and measuring 

system and a Zeeko seven-axis ultra 

precision free abrasive/fluid jet polishing 

system.  Both machines have a work piece 

capacity of over one metre.  They will be 

teamed with a RAP system developed jointly 

by Cranfield and RAPT Industries, so it is no 

exaggeration to state that UPS2 will not just 

be the leading ultra precision manufacturing 

facility in the UK, it will be a state-of-the-art 

facility at a global level.

SAVING PLANET EARTH?
A promising means for a plentiful ‘green’ 

energy supply is presented through inertial 

fusion.  Major research programmes such 

EXAMPLES OF ULTRA 
PRECISION SURFACES
Another form of ultra-precision surface 

produced in large quantities today is 

micro-grooved films that have many 

different applications according to the 

profile, size and consistent accuracy of 

the grooves, typically better than one 

micrometre.  These include films that act 

as ’directors‘, for the orientation of liquid 

crystals in LCD, plasma and OLED (organic 

light-emitting diodes) flat panel displays 

now in widespread use in consumer 

products such as TVs, computers and 

digital cameras.

Micro-grooved plastic films with 

sub-micrometre precision are produced 

in large quantities by rolling with large 

ultra precision aluminium micro-grooved 

rolls which are themselves produced by 

single point diamond turning/cutting on 

ultra precision machine tools, amongst 

the most accurate machine tools made 

today.  Plastic films with different groove 

sizes and shapes are used for a variety of 

applications ranging from ’peel-apart‘ tabs 

on nappies to high reflectivity road signs. 

Other benefits of micro-grooved 

structured surfaces include the orientation 

of living cells which can lead, for example, 

to the faster securing of prostheses.

THE UK ULTRA-PRECISION SURFACES INITIATIVE
This initiative has been led by Cranfield and University College London working with 

industrial partners; Cranfield Precision, Optroprenuers Ltd, RAPT industries and Zeeko Ltd. 

In little over five years the collaborating team has developed a large optics ultra-precision 

fabrication facility.  This facility is based at the Technium Optic in North Wales and houses 

unique UK designed and built ultra-precision machine tools for rapid fabrication of large 

ultra-precision surfaces (Cranfield BoX® and Zeeko IRP 1200 machine systems). 

FABRICATION AND USES OF ULTRA-PRECISION SURFACES WEALTH CREATION

Cranfield BoX® Ultra Precision Large Optics Grinding / measuring machine capable of grinding up to two 
metre scale mirrors © Bob Fry Photography (Cranfield University)

One metre hexagonal ceramic mirror segment prior to polishing operation 
© Courtesy of Sean Amos, UPS2, OpTIC Technium

© Will O’Brien, Cranfield University PhD student

Schematic diagram showing the basis of the 
Reactive Atom Plasma technology 
© Dr Jeffrey Carr, RAPT Industries
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BIOGRAPHY – Professor Paul Shore
Professor Paul Shore is the Head of the Cranfield University Precision Engineering 

Centre and McKeown Professor of Ultra Precision Technologies.  He is also the Director 

of the UK’s Integrated Knowledge Centre for Ultra Precision and Structured Surfaces 

in North Wales.  It houses industrial scale facilities for rapid production of large scale 

ultra precision and structured surfaces. 

as the National Ignition Facility and the 
proposed European HiPER project (see 
‘Generating Laser Energy’, Ingenia 33) will 
make significant steps towards realising this 
potential energy source.  A fundamental 
requirement to enable inertial fusion energy 
is large scale ultra-precision optics.  Clearly, 
large high-power laser focusing lenses and 
mirrors have additional requirements to 
those used for telescope.  The high energy 
beams will eventually start to degrade the 
surfaces and thus reduce the reflectivity and 
the life of mirror and lens components. 
This surface degradation makes ultra-
precision surfaces major ‘wear’ components 
within inertial fusion programmes. The optics 
employed in inertial fusion  programmes 
today rely on large scale telescope-
derived technologies; segmented mirror 
technologies being a clear example. 

The engineering achievements necessary 
to develop a nuclear fusion power station, 
one based on laser containment and ignition, 
represent an engineering challenge as 
significant as the space programmes of the 
1960s.  Some of the most challenging aspects 
of fusion energy programmes are related to 
ultra precision manufacturing capability.

THINKING AHEAD
It is important to reflect on the fact that basic 
science programmes, such as astronomy, set 
extreme engineering specifications which can 
be considered "stretched goals". In satisfying 
these "stretched goals" techniques emerge 
that later become the core technologies of 
advanced manufacturing businesses. And 
importantly for the engineering profession 
these goals represent exciting and rewarding 
challenges for our next generation of 
engineers.

FIVE MIRRORS 
ENSURE CLARITY
When it goes into operation in 2017 the 

European Extremely Large Telescope 

(E-ELT) will be the largest ground-based 

telescope in the world and will be over 

100 times more sensitive than existing 

counterparts thanks to a revolutionary 

design involving the use of five different 

mirrors.  The primary 42m diameter mirror 

will be composed of ~1,000 hexagonal 

segments, each 1.45m in size.  Each mirror 

segment has a form accuracy specification 

of 25nm (1 millionth of an inch).  The 

secondary mirror will be 6m in diameter. 

In order to overcome the fuzziness 

of stellar images caused by atmospheric 

turbulence the telescope will also need to 

incorporate adaptive optics in its system.  A 

tertiary mirror, 4.2m in diameter, will relay the 

light to the adaptive optics system, which will 

be composed of two further mirrors – one 

with a diameter of 2.5m supported by 5,000 

or more actuators that will be able to distort 

its own shape a thousand times per second 

and one with a diameter of 2.7m that will 

allow for final image corrections.  This five 

mirror approach will produce exceptional 

image quality, with no significant aberrations 

in the field of view. 

The total rotating mass of the telescope 

will be 5,500 tonnes.  Two platforms on 

each side of the structure will each hold a 

number of large instruments so that they 

can be quickly put on-line.

The reference design for the mirror was 

signed off at the end of 2006 and the project 

has now moved on to the establishment 

of a number of industrial and instrument 

studies to establish the feasibility of the 

concepts involved – though details are for 

the most part still confidential.  The site 

where the telescope will be located is due for 

announcement this year with construction 

scheduled to get underway in 2010.

FABRICATION AND USES OF ULTRA-PRECISION SURFACES

ON BEING AN 
ENGINEER

On May 15 2008, the Lord Browne of 

Madingley presented the Lubbock Lecture, 

marking the centenary of the founding 

of Engineering Science at Oxford.  In the 

lecture, on which this article is based, 

the President of The Royal Academy of 

Engineering spoke on what it is to be an 

engineer.  Drawing on his own experiences 

at BP, he put forward the view that a 

successful engineer requires not only 

technical know-how but also an awareness 

of the political, social and business concerns 

central to any significant engineering 

challenge.

I want to demonstrate that 

engineering is at the centre 

of society – that engineers 

have a unique set of skills and 

perspectives which should be 

used to create a better future 

for all of us.  In order to do that, I 

would like to talk about a major 

engineering project that I was 

involved with and then about 

the challenges facing young 

engineers now and the skills that 

they need to meet them.

VARIED SKILLSETS
The bedrock of engineering 

will always be the application 

of mathematical and physical 

theory to create wealth and to 

improve our quality of life.  But 

engineering is far more than just 

applied science.  The essence of 

engineering is in its practice.  The 

particular skills of engineers are 

developed by solving real world 

problems rather than becoming 

conversant in physical theory. 

The complex nature of these 

practical engineering challenges 

means that engineers need 

to engage with communities, 

with politics, with economic 

realities and with environmental 

considerations.  The bigger 

the engineering challenge, the 

greater the need for judgement 

and, just as importantly, empathy. 

WEALTH CREATION

Pipeline route crossing the landscape, Turkey, June 2004 © BP plc




