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Our ambition achieved

The EPSRC Centre for Innovative 
Manufacturing in Additive Manufacturing 
has established a foundational platform 
of pioneering research activity on 
multifunctional and multimaterial Additive 
Manufacturing (AM). This significant 
body of underpinning work has seeded 
significant growth in this next generation 
of AM technology. By providing continued 
support for effective industrial and 
academic collaborative networks, we 
have established the direction for future 
multifunctional and multimaterial AM 
research in the UK and beyond.  

Through our research endeavours  
and extensive technological 
understanding, the activity of the 
Centre has contributed extensively  
to the UK’s prominent -position within 
the global AM ecosystem and has 
ensured that the UK will continue 
as a leading force in the commercial 
exploitation of both existing and next 
generation AM technology.     

3D printed pharmaceutical dosage forms produced 
on a Dimatix material jetting platform
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Defining Multifunctional 
Additive Manufacturing: 
the next generation 
The current array of layer-wise 
manufacturing technologies operate 
on the principle of layer-by-layer 
material deposition in a sequential 
process, using digital data. As the 
processes matured beyond the 
frontier of rapid prototyping, the 
technology approached an era 
whereby the capability could and 
would be used in the manufacture 
of end-use parts – hence the term 
‘Additive Manufacturing’ (AM). Whilst 
the interest in single material AM has 
flourished in recent years, our vision 
is set to the horizon to the technical 
challenges and the possibilities of the 
next generation of AM platforms.  

Additive Manufacturing is generally associated with 
two key advantages over conventional techniques. 
Firstly, Additive Manufacturing enables the creation 
of products without many of the limitations that 
normally constrain the designs realisable with 
conventional processes. Secondly, it enables the 
production of bespoke and low to medium volume 
products with high degrees of efficiency. This 
advantage can be used to realise geometrically 
complex and highly tailored products for particular 
functions or individual users.

Within the EPSRC Centre for Innovative 
Manufacturing in Additive Manufacturing, hosted 
by The University of Nottingham in partnership 
with Loughborough University since 2012, we have 
established a world class laboratory equipped 
with bespoke, cutting-edge equipment and an 
internationally renowned research team who 
are exploring the next juncture of AM capability. 
Through the controlled deposition of multiple 
dissimilar materials within a single build procedure, 
our goal is to go beyond the deposition of 
individual passive components to print functional 
heterogeneous devices, products and metamaterials.

“Our vision is to drive disruptive change 
and rapid development of next generation 
Additive Manufacturing by establishing 
the fundamental knowledge and advanced 
methods to control and enable targeted 
3D multifunctionality. Our ambition is to 
translate these advances and that this radical 
step-change will enable the production of 
3D heterogeneous devices and products for 
cross-sectoral industrial applications.”
Prof Richard Hague, EPSRC Centre Director

3D printed conductive silver tracks
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Executive summary

As the fifth and final year of the EPSRC 
Centre for Innovative Manufacturing 
in Additive Manufacturing, this 
final report chronicles the abundant 
research achievements and associated 
activities of the Centre and further 
details the future directions of our 
research endeavours. Hosted by the 
Centre for Additive Manufacturing 
(CfAM) at the University of 
Nottingham, the EPSRC Centre has 
laid a foundational understanding 
in design, process understanding 
and material development for our 
overarching ambition; the deposition 
of multiple dissimilar materials via 
Additive Manufacturing. It is this 
undertaking which will enable the 
development of the next generation of 
Additive Manufacturing technology 
and capability.        

As the definitive report of the Centre’s output,  
this document provides a concluding record of  
the research, accounting for the significant 
progress which has been achieved over the 5 year 
duration of the Centre. Launched in October 2011, 
the EPSRC Centre for Innovative Manufacturing 
in Additive Manufacturing was made possible 
through the £5.9M contribution from EPSRC to 
support our vision of the future of AM. This vision 
has always focused ahead of the current perception 
of AM technological capability. Through the 
implementation of a fundamental and translational 
research agenda and the strategic pairing of 
academic institutions with pioneering industrial 
collaborators, we have helped cultivate a thriving 
international research community in multimaterial 
and multifunctional AM. This contribution has helped 
shape the UK National Strategy for AM. By acting  
on behalf of the UK academic science and 
engineering communities and engaging stakeholders 
in other EPSRC centres, research groups and the 
wider industrial ecosystem, we have helped navigate 
the progression towards the next generation of 
Additive Manufacturing.           

As one of 16 Centres for Innovative Manufacturing 
funded by the EPSRC via the ‘Manufacturing the 
Future’ programme, the mission of the Centre was 
to maximise the impact of innovative research 
carried out within the UK, support existing industries 
nationally, and, perhaps most importantly, use 
our resources to pave the way for the formation 
of new industries and market prosperity. Over the 
course of our EPSRC Centre, we have pursued this 
goal through a portfolio of over 40 interconnected 
research projects with a total portfolio value of over 
£24M by 2017. We believe this level of engagement 
forms a key element in the UK R&D strategy towards 
future digital manufacturing processes. 

As outlined in this concluding report, the first wave 
of flagship AM research projects have reached 
completion or are about to do so. They have created 
significant avenues for novel intellectual property 
strands, led to our EPSRC Centre being awarded 
multiple new research contracts, and have further 
enhanced the spectrum of our research activities 
within this EPSRC Centre. Additional programmes  
of research our Centre is now engaged include:

 Future Additive Manufacturing Platform Grant

 Future formulations (Pharma, agriculture,  
food and consumer products) 

 Quantum technologies

 Next generation biomaterials  

 Wearable soft robotics 

 Functional lattices for automotive components  

 3DP Printing, production, planning: driving 
redistributed manufacturing 

Corresponding to our pursuit of key elements of 
intellectual property, underpinning the realisation 
of industrially deployable multifunctional Additive 
Manufacturing, in the duration of the Centre we have 
undergone significant expansion to our laboratory 
at the University of Nottingham. Over this period 
we have assembled a truly unique set of one-of-a-
kind Additive Manufacturing platforms in support 
of our efforts to prove technological feasibility and 
increasingly demonstrate the industrial potential of 
such systems. This portfolio includes a large-scale 
custom built PiXDRO Toucan multimaterial jetting 
platform incorporating a total of six print heads and 
a MetalJet platform capable of drop-on-demand 
deposition of molten metal at high temperatures.  
For our research on the deposition of components 
and functionality at the micro-scale we have an 
upgraded experimental two-photon polymerisation 
and optical trapping system with multimaterial 
capability and also a Nanoscribe system, which is 
a commercially available two-photon lithography 
platform. The lab was expanded in 2014 to support 
and accommodate the growing prominence of 
materials discovery and development activities of the 
research group. This expansion provided researchers 
the space to synthesise new materials and analyse 
their properties. The autumn of 2017 brings about 
further change with the research group moving 
over to the Jubilee Campus into the new purpose 
built Advanced Manufacturing Building. This truly 
world class facility will house our Centre for Additive 

Manufacturing (CfAM) and will provide additional 
facilities to support our ongoing multifunctional and 
single material AM research portfolio including a 
dedicated clean room facility, achieved through a 
£1M grant support from the Wolfson Foundation. 

The outreach activities performed in the context 
of the EPSRC Centre have concentrated on 
strengthening our national and international 
portfolio. The highly influential International 
Conference on Additive Manufacturing, now into 
its 12th year and organised by our new spin-out 
company, Added Scientific, continues to be a high-
profile event in the AM calendar with distinguished 
speakers from NASA, AWE, GSK, Innovate UK, 
Toshiba and Alcoa in 2016. Attracting 250 delegates 
and 24 heavy-weight exhibitors, including the likes  
of HP, LPW, Canon, Renishaw and GE, it continues  
to be a premier event for the dissemination of cutting 
edge knowledge throughout industry and academia 
and has cultivated lasting and fruitful research 
collaborations and business partnerships. Last year 
the conference also hosted a one-day  
UK AM Research & Innovation day which welcomed 
academics from UK Universities and Innovation 
Centres to showcase the current advances and 
provided a platform to nurture future strands of  
AM research.  

Professor Phill Dickens from the University of 
Nottingham, who sits on the steering group for  
the UK National Strategy on AM, continues to 
help pioneer the future strategy for UK Additive 
Manufacturing. The first report from the steering 
group was released in the autumn of 2016 which 
outlines the challenge facing the industry in the UK. 
The groups work continues into the future and will 
undoubtedly help ensure the UK remains a leader  
on AM exploitation for years to come. 

Looking ahead to the future of our research group, 
with the conclusion of this EPSRC Centre for 
Innovative Manufacturing in Additive Manufacturing, 
alongside our large portfolio on single material 
AM, our activities will continue unabated with 
a focus on the next phase of the challenge 
towards multifunctional AM - the understanding 
and controlled deposition of disparate materials 
contemporaneously within a single build process  
to fabricate multifunctional devices. 

In future, operating as the “Centre for Additive 
Manufacturing” (CfAM) and with a broad and 
extensive research portfolio, we will go from strength 
to strength in our endeavours towards ever closer 
technology readiness and process implementation. 
Our world leading suite of equipment housed in the 
new Advanced Manufacturing Building will serve as 
a nucleus for future AM research. 

The success of this EPSRC Centre has been a 
consequence of those who engaged with it, past and 
present. Particular thanks goes to our researchers, 
industrial partners, academic collaborators, 
technical and support staff, all of whom we wish to 
cordially thank. We also wish to express gratitude 
the members of our Advisory Board for their support 
on our journey.

Prof Richard HagueProfessor Richard Hague (Centre Director) 
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Highlights  
at a glance 

 The overall amount of additional 
funding received by the EPSRC 
Centre for Additive Manufacturing 
over the course of the programme is 
over £24M with over £7.5M from 2015 
to date. 

 Awarded “Future Additive 
Manufacturing Platform Grant”  
in Spring 2017. 

 The EPSRC Centre for Doctoral 
Training (CDT) in Additive 
Manufacturing, operated in 
partnership between the Universities 
of Nottingham, Liverpool, 
Loughborough and Newcastle, is now 
entering its third year of operation 
with the newest cohort currently 
completing their first year of study.  

 £3.5M EPSRC award to develop 
“Future formulations for 3D printing” 
across pharma, agriculture, and 
consumer products.   

 Promotion of key academic staff 
within the group (one Professorship, 
one Associate and one Assistant 
Professorship) and recruitment, 
development and retention of key 
post-doctoral researchers. 

 Awarded £2.7M from EPSRC for 
equipment from the Governments 
“8 Great Technologies” programme 
that will underpin research into next-
generation Additive Manufacturing.

 Awarded £1M from The Wolfson 
Foundation for a clean room 
facility in the new £24M Advanced 
Manufacturing Building at 
Nottingham’s Jubilee Campus. 

 Two new Selective Laser Melting 
systems (Renishaw AM125 and 
AM400) have been acquired 
supporting Innovate UK and student 
projects    

 Prestigious Anne McLaren and 
Hermes Fellowships awarded to 
two current CfAM Post-Doctoral 
Researchers.

 The annual International Conference 
on Additive Manufacturing and 3D 
printing in July 2016 was attended by 
over 250 delegates from 18 countries.

 Instigated the UK Strategy currently 
being developed with BEIS.

Measuring surface texture of metal additively 
manufactured parts by X-ray computed tomography

By undertaking a programme of low TRL 
activity, the EPSRC Centre for Additive 
Manufacturing has been able to demonstrate 
significant underpinning scientific progress 
in several fields that has given a strong 
foundational basis going forwards. In addition 
to the high level of journal publications 
achieved and world-class facilities developed, 
high-level scientific advances include:

 Jetting based activities:

 Development of 20+ new inks for 3D inkjet 
including those for microelectronics, 
medical devices, pharmaceuticals 
and bio-compatible materials.

 Development of new mechanical and 
dissolution methods of support structure 
removal necessary for the creation of 
complex geometries in 3D inkjet.

 Robust strategies for pinning and depositing 
jetted functional and structural materials 
on arbitrary substrates through surface 
modification and formulation adaptations.

 Understanding of new curing modalities for 
structural 3D inkjet materials (particularly 
based on UV and IR) and understanding 
their effect on final material properties.

 Developed and demonstrated a new, low 
temperature approach to the production 
of metallic items via nano-particulate 
materials processing. This exploits the 
in-process conversion of nano-metallic 
materials deposited by inkjet into fully 
consolidate metals at low temperature. 

 First successful (accurate and repeatable) 
deposition of high temperature metallics 
by drop-on-demand jetting (metaljet), thus 
giving rise to the potential of digital metals 
not possible in other AM techniques.

 Development of a radically new 
approach to polymer AM production by 
the low temperature consolidation of 
engineering polymeric powders through 
chemistry based binder jetting.

 High viscosity jetting of silcones giving rise 
to a wider palette of engineering materials.

 Successful “reactive jetting” (separate 
deposition of monomers and catalyst 
followed by in-situ polymerisation) that 
exploits the drop-on-demand potential 

of inkjet whilst overcoming the inherent 
viscosity and rheological material challenges 
of deposition by piezo driven actuation.

 Low temperature laser consolidation 
of bulk nanoparticle slurry feedstock, 
enabling the processing of copper 
for electronic applications.

Two photon polymerisation

 Development of a suite of photo-
initiators developed specifically 
for two photon processes.

 Control of two photon polymerisation 
combined with photoreduction 
to produce gold nanoparticle 
laden 3D polymer structures.

 Multiphoton polymerisation coupled with 
optical tweezers enabling the manipulation 
of particles (via optical tweezing) and 
freezing in place with two photon 
mechanisms, giving the capability to build up 
structures with defined materials (effectively 
a nanocomposite production system).

Design optimisation & modelling

 Development of new approaches to design 
optimisation, including the use of XFEM, 
isoline and mesh free approaches that 
give high accuracy optimisation to enable 
straight-to-manufacture solutions.

 Developed multi-scale thermo-mechanical 
modelling of metallic based AM processes 
giving increased computational efficiency 
and applicability being based on FEA only.

  Lattice generation based on triply-
periodic minimal structures giving the 
ability to process a wider palette of lattice 
unit cells. Additionally, this approach 
enables the easy blending between 
different types of cell as well as allowing 
for a graded thicknesses of cells.

 Application of design optimisation tailored to 
use for additive manufacturing, including the 
use of dynamic meshing for surface control.

 Development of inverse methods that 
allow the determination of spatially 
varying material properties.

Key scientific  
advances
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Engineering success:  
CfAM Output  
and Performance
CfAM leveraged 
funding and staff 
numbers by year 
2011-2016

Cumulative staff numbers per year

Staff break down as of 2017

CfAM Partners

Industry Partners Academic Partners

Journal publications 

Additional leveraged funding for the CfAM

£13,138,048 £3,003,396 £3,957,500 £198,449 £928,613

3 Visiting researchers

£1,525,185
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The UK strategy for 
Additive Manufacturing 
by Professor Phill Dickens

The idea for this strategy came out of many years 
of research funded by EPSRC and Innovate UK and 
an Evidence Paper produced at the University of 
Nottingham as part of the government’s Foresight 
process. There have been many workshops and 
group meetings which have detailed the need for 
a strategy and implementation plan. The objective 
is to maximise UK business growth and long term 
economic value through the successful industrial 
implementation of Additive Manufacturing. The 
strategy process is industrially led and has involved 
all sectors and material groups and is integrated with 
the UK Government’s Industrial Strategy.

Prof Phill Dickens from the University of Nottingham 
and Dr Tim Minshall from the University of 
Cambridge coordinated an evidence gathering 
process. Working groups were then established to 
produce solutions to the barriers identified. The final 
strategy report is due for publication in April 2017.

For further information or to provide input into the 
process we invite you to visit this initiative’s website 
at www.amnationalstrategy.uk

Many stakeholders involved in 
Additive Manufacturing research, 
innovation and early stage industrial 
implementation efforts recognise 
the urgent need to develop a UK 
Strategy for Additive Manufacturing. 
Industry sees many opportunities 
that Additive Manufacturing can offer 
for new products, business models 
and distribution chains. The UK has 
a variety of organisations involved 
in this technology such as machine, 
material and software suppliers, 
end users in OEMs and bureaus, 
consultants, research and technology 
organizations, universities, colleges, 
hospitals, banks etc.

However, there is no joined-up UK national 
strategy to ensure that Additive Manufacturing is 
effectively exploited. There is an opportunity for 
the UK to take a lead and develop a clear strategy 
and implementation framework to ensure that 
maximum economic value and exploitation of 
Additive Manufacturing technology occurs within 
our businesses.

“The unique value to be gained 
by specifically designing for, and 
manufacturing by, AM is clear. Whilst 
not suitable for every component, we 
cannot perceive the advancement of 
power systems without concurrent 
industrialisation of AM”
Neil Mantle, Rolls Royce plc

Professor Phill Dickens delivering an update on the UK National Strategy at the 
TCT Show, Birmingham, UK in September 2016. (Image courtesy of TCT Group)
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EPSRC Centre 
management 

Starting in October 2011, the EPSRC Centre for Innovative Manufacturing 
in Additive Manufacturing united the best-with-best in scientific expertise, 
engineering research capability and industrial partnerships. In hosting  
the EPSRC Centre at The University of Nottingham we have a long-established 
background in Additive Manufacturing and global recognition for  
engineering excellence. 

The operation of this EPSRC Centre has shown that bringing the disruptive 
technology of multifunctional Additive Manufacturing towards wide scale 
adoption in industry will necessitate both substantial fundamental research 
efforts and also a refined approach.

Dr Will Barton

Chair, Advisory 
Board 

Will is a Fellow of the Royal 
Society of Chemistry, a Member 
of the Institute of Directors, 
a Director of the Chemical 
Industries Association, and has 
a Certificate in International 
Business General Management  
from INSEAD.

After gaining a B.A. in Physics and 
a D.Phil. in Theoretical Physics 
from the University of Oxford, Will 
gathered 40 years’ of experience 
in manufacturing, technology and 
business leadership, mainly in the 
Chemical Industry. Will has held 
leadership roles at multinational 
organisations ICI and Flexsys, a 
joint venture of Akzo Nobel and 
Monsanto, and a spin out from 
the University of Oxford, Oxford 
Catalysts. From 2009, Will has 
been responsible for establishing 
the UK’s first Catapult centre in 
High Value Manufacturing at the 
Technology Strategy Board. Will 
has joined the EPSRC Centre as 
the Chair of the Advisory Board in 
May 2014.

Prof Richard 
Hague 

Director 

 
 

 
Richard is a Professor of 
Innovative Manufacturing in 
the Department of Mechanical, 
Materials and Manufacturing 
Engineering at the University of 
Nottingham, Head of the Centre 
for Additive Manufacturing and 
Director of the EPSRC Centre 
for Innovative Manufacturing 
in Additive Manufacturing. 
He has been working in the 
Additive Manufacturing field for 
20 years and has a background 
of leading and managing large 
multi-disciplinary, multi-partner 
research projects. Richard’s 
research interests are focused 
on Additive Manufacturing 
processes, materials and design 
systems across a wide spectrum 
of industrial sectors with a 
particular interest in design 
and design systems; current 
research programmes are focused 
on the design and production 
of multifunctional additively 
manufactured devices. Richard 
is also Chair of the International 
Conference on Additive 
Manufacturing & 3D Printing 
and active within the ASTM F42 
Additive Manufacturing Standards 
initiative. 

Prof Chris Tuck 

Deputy Director 

 
Chris is Professor of Materials 
Engineering in the University 
of Nottingham’s Faculty of 
Engineering. He is Deputy 
Director of the EPSRC Centre 
of Innovative Manufacturing 
in Additive Manufacturing and 
Director of the EPSRC Centre 
for Doctoral Training in Additive 
Manufacturing. He runs a number 
of projects based around the 
manufacture of multi-material 
and multifunctional inkjet 
printing, nano-scale Additive 
Manufacturing systems, and the 
development of metallic Additive 
Manufacturing systems for use in 
industry. Chris has worked in the 
field of Additive Manufacturing 
research since 2003, investigating 
the supply and business effects 
of Additive Manufacturing on a 
number of DTI, European and 
EPSRC funded projects. Chris is 
a regular presenter at numerous 
international conferences, a panel 
member for EPSRC and a reviewer 
for international funding agencies 
as well as a Fellow of the IET.

Prof Ian Ashcroft

The University  
of Nottingham

Ian is a Professor of Mechanics 
of Solids at The University of 
Nottingham, and Programme 
Director for the EPSRC CDT in 
Additive Manufacturing and 3D 
Printing. After being awarded a 
DPhil from Oxford University in 
1991, Ian held various postdoctoral 
positions in UK and Australia and 
worked at DERA Farnborough 
until 2000. Taking up an academic 
position at Loughborough 
University before moving to 
Nottingham. Since 2005 he has 
focused his research on the 
application of solid mechanics 
to additive manufacturing, 
particularly in developing multi-
physics modelling techniques 
for AM processes and the post 
processing performance of parts 
and the development of design 
and optimisation techniques to 
exploit the design freedoms of 
various AM technologies.

Dr Martin 
Baumers

The University  
of Nottingham

 
 
Martin is an Assistant Professor 
in Additive Manufacturing 
Management at the University 
of Nottingham. His focus areas 
are the economics and efficient 
operation of AM as well as the 
benefits that can be derived 
from adopting the technology. 
From 2010 on, Martin’s work has 
concentrated on the development 
of novel approaches to production 
costing and build time estimation. 
Further areas of interest are 
process selection, computational 
build volume packing approaches 
and shape complexity 
measurement techniques. Martin 
also investigates the environmental 
sustainability of additive 
processes, with an emphasis on 
energy consumption, to assess 
whether AM provides a pathway 
to more sustainable manufacturing 
and also more benign products. 

Prof Phill 
Dickens  

The University  
of Nottingham

 
 
Phill is a Professor of 
Manufacturing Technology at the 
University of Nottingham. Phill 
founded the Rapid Manufacturing 
Research Group in the early 
1990’s leading various research 
projects, supervising many 
successful PhD students. Phill 
has led international government 
missions, published widely, given 
a number of international keynote 
speeches and acts as a consultant 
to this industry. His research 
work has evolved through Rapid 
Prototyping and Rapid Tooling 
and is now concentrating on 
Additive Manufacturing processes. 
He was the first recipient of 
the International Freeform and 
Additive Manufacturing Excellence 
(FAME) Award in 2009. More 
recently he wrote a section on the 
UK Government’s Foresight report 
- The Future of Manufacturing: 
A New Era of Opportunity and 
Challenge for the UK. He is an 
EPSRC Foresight Fellow and is a 
member of the Steering Group 
for establishing a UK strategy for 
Additive Manufacturing.

Dr Ruth Goodridge

The University of Nottingham

 
Ruth is an Associate Professor in Centre for Additive 
Manufacturing at the University of Nottingham.  
Upon completion of her PhD in 2004, Ruth was 
awarded a JSPS Fellowship to develop new glass-
ceramic compositions for laser sintering at NAIST, 
Japan. She joined the Additive Manufacturing 
Research Group at Loughborough University in  
2006, where she continued her research into 
processing of new materials by laser sintering, 
focusing on polymers and polymer nanocomposites. 
She moved to the University of Nottingham in 
2012 as part of the EPSRC Centre for Innovative 
Manufacturing in Additive Manufacturing. Her 
primary interests are in the development of new 
materials for Additive Manufacturing and the 
understanding of material-processing-property 
relationships, focusing primarily on polymers, 
ceramics and glasses. With a background in 
Biomaterials and Bioengineering, Ruth has a 
particular interest in healthcare applications of AM.

Prof Ricky Wildman

The University of Nottingham

 
Ricky is a Professor of Multiphase Flow and 
Mechanics at the Faculty of Engineering, University 
of Nottingham. He has a background in Physics 
and Chemical Engineering, and is contributing 
his expertise in the areas of multiphase flow and 
mechanical modelling, stress analysis, transport 
phenomena and biomedical engineering. His 
main areas of interest are in the rheological 
characterisation and modelling of ink jetting 
materials and in the development of reactive jetting 
processes for 3D printing. Currently he is leading 
the connections to biological applications, working 
with colleagues in Pharmacy and Biology on the 
development of 3D printing for pharmaceutical 
delivery and the manufacture of drug delivery 
devices.
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Key individuals Our people have made the Centre for Additive Manufacturing (CfAM) at 
The University of Nottingham the world class AM research institute that 
it is today. Uniting broad but complementary research disciplines into 
the EPSRC’s flagship research programme has yielded fruitful research 
success across our primary thematic avenues of research endeavours.  

Yinfeng He
Research Fellow 
The University of Nottingham  
 

 

Dr Iria Louzao
Research Fellow  
The University of Nottingham

Dr Ajit Panesar
Research Fellow  
The University of Nottingham

Dr Ehab Saleh
Research Fellow 
The University of Nottingham

Joe White
Additive Manufacturing 
Technician 
The University of Nottingham

Dr Qin Hu
Research Fellow  
The University of Nottingham

 

Dr Asish Malas
Research Fellow  
The University of Nottingham
 

Dr Jamie Patient
Business Development
The University of Nottingham 

 

Dr Marco Simonelli
Research Fellow 
The University of Nottingham

Dr Fan Zhang
Research Fellow 
The University of Nottingham

Dr Petra Juskova
Research Fellow  
The University of Nottingham 

Dr Ian Maskery
Research Fellow  
The University of Nottingham 

Dr Laura Ruiz
Research Fellow
The University of Nottingham

Dr Jayasheelan Vaithilingam
Research Fellow 
The University of Nottingham

Dr Zuoxin Zhou
Research Fellow 
The University of Nottingham

Dr Meisam Abdi
Research Associate
The University of Nottingham

Mirela Axinte 
EPSRC Centre Research 
Coordinator 
The University of Nottingham

Dr Xuesheng Chen 
Research Fellow 
The University of Nottingham

Mark East 
Head Technician 
The University of Nottingham   
 

 

Hagit Gilon 
Research Assistant
The University of Nottingham

Dr Nesma Aboulkhair 
Research Fellow  
The University of Nottingham

Dr Belen Begines
Research Fellow 
The University of Nottingham 

 
Dr Elizabeth Clark 
Research Fellow
The University of Nottingham

 

Dr Aleksandra Foerster 
Research Fellow
The University of Nottingham
 

 
Mark Hardy 
Additive Manufacturing 
Technician 
The University of Nottingham

Dr Adedeji Aremu 
Research Fellow  
The University of Nottingham

 

Donna Borrill
Events Coordinator 
The University of Nottingham

Romina Davoudi
CDT Manager
The University of Nottingham 

Michele Garibaldi 
Research Associate 
The University of Nottingham 

Dr Simon Haas
Research Fellow  
The University of Nottingham
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Multifunctional additive 
processes, materials  
and design systems 
To investigate delivery platforms and design  
systems for multifunctional additive manufacturing

Design Systems Development for  
Multifunctional Additive Manufacturing
The key to unlocking the benefits of multifunctional 
Additive Manufacturing lies in the design freedoms 
that the additive approach engenders. Therefore, 
a major challenge is to produce a methodology 
that enables the design of multifunctional Additive 
Manufacturing parts that are fully optimised. This 
optimisation problem must consider: efficient 
topology generation with integrated lattices and 
opto-electrical pathways (for embedded functionality). 
The multifunctional Additive Manufacturing design 
paradigm presents a radical advance in product 
design where weight, performance, functionality and 
aesthetics are combined in one part and manufactured 
as a single item.

To exploit the potential benefits of this future 
manufacturing approach, new design, analysis and 
optimization methods are required. Over the course 
of the EPSRC Centre, this work stream progressed 
on several fronts, particularly contributing towards 
the development of a coupling method to allow for 
optimisation of the structure comprised of a number of 
connected functional components. This is achieved by 
incorporating the effects of a system on the structural 
response of a part within a structural topology 
optimization procedure. The potential of the proposed 
method is demonstrated by performing a coupled 
optimization on a cantilever plate with integrated 
components and circuitry.

Such a coupled optimization formulation allows for the 
optimal material and system lay-out to be identified 
as it tackles a system design problem overlaid on a 
structural design problem. Although, the immediate 
application for this development enables the design 
of additively manufactured multi-material parts 
with embedded functional systems, for example a 
structural part with electronic/electrical components 
and associated conductive paths, the developed 
method can additionally be considered for tackling 
a more general class of engineering problems. For 
instance, civil engineering structures (buildings/

bridges) that incorporate systems (pipes/cables). This 
coupled optimization development marks a significant 
step towards being able to exploit the design freedom 
offered by multi-material AM processes.

With respect to lattice structure design, an emphasis 
has been placed on expanding the functional 
grading capability to include both cell size and 
material variation which will provide greater scope 
for optimisation. In addition, efficient hierarchal 
finite element analysis based topology optimisation 
protocols have been developed to advance the field of 
topology optimisation for real-life AM structures.

Project Team: Prof Ian Ashcroft, Prof Ricky Wildman, 
Prof Richard Hague,  Dr Ajit Panesar.

Reactive Jetting of  
Engineering Materials
Widening the applicability of Additive Manufacturing 
(AM) for end-use product instead of prototypes 
manufacturing is vital for commercializing this 
revolutionary manufacturing technique. Expanding 
the material database for AM allows more advanced 
materials to be processed with this technology 
and enables it to be used for manufacturing high-
performance end-use products. The aim of the 
reactive jetting work stream was to develop new 
ink formulations which are suitable for inkjet-based 
AM technique, to enable products made of high-
performance functional polymers. The main work 
involved developing new monomers, pre-polymers, 
chemistry reactions and printing strategies, 
which enable the creation of inkjet-printable ink 
formulations that can be triggered after deposition 
to polymerize and form functional polymeric parts 
with desired properties.

Since the start of this project, we have achieved 
a breakthrough in producing parts from several 
popular polymers through reactive jetting technique. 
These include: Polyimide (PI), Polycarbonate, 
Polyvinylpyrrolidone, Polyurethane, Polyurea 
and Polysiloxanes most of which had never been 
processed before using inkjet-based AM techniques. 
These advances enable the manufacturing of parts 
with specific functions such as high-temperature 
resistance, water solubility, high optical clarity, 
flexibility, biocompatibility and drug delivery. 
This work has already attracted and established 
collaborations with companies in the field of 
pharmaceuticals, agro-chemicals, engineering 
polymers and healthcare industry. 

Project Team: Prof Ricky Wildman, Prof Phill 
Dickens, Prof Ian Ashcroft, Prof Chris Tuck, Dr. Belen 
Begines, Dr. Yinfeng He, Hagit Gilon.

Functional polymer parts 
manufactured by reactive 
jetting: (a) polymeric 
structures with resistance 
to bacterial attachment, (b) 
micro particles produced 
to test the role of structure 
on resistance to bacterial 
attachment (c) Soluble support 
structures (d) PU samples with 
tunable modulus (e) Pyramid 
structure printed with PDMS 
(f) Polyimide structures 
for thermal and chemical 
resistance.

Coupled topology optimized calliper with strain 
gauge layout optimization.
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Jetting of Conductive and Dielectric  
Elements Additive Systems (JET)
Multifunctionality is foreseen as the future of 
AM; however the move to multifunctionality 
is littered with technical challenges, from the 
accurate and reliable deposition of different 
materials together and their interaction, to the 
design of these components and how best to 
integrate different materials for a given function. 
Current AM technologies such as laser sintering 
or fused deposition modelling, whilst having some 
advantages, have some clear drawbacks for the 
production of multi-material parts. These are namely, 
in their accuracy, resolution and the processing 
environment required during manufacture. In the 
first phase of this work stream, a strategic review  
of the available manufacturing routes open to multi-
functional AM was undertaken, with significant 
promise being shown by drop-on-demand inkjet 
techniques for processing conductive, dielectric  
and other materials.

On this basis, new experimental material deposition 
test beds were procured and adapted along 
with the necessary characterisation equipment 
to ensure material applicability to the jetting 
processes. In total, seven jetting systems have been 
commissioned, three printers based on the FujiFilm 
Dimatix DMP2831, three based on the PixDro LP50 
architecture and a 6-head bespoke jetting system, 
commercially known as JetX 3D, also based on the 
PixDro architecture. All these systems are capable 
of depositing particulate based inks (such as those 
filled with silver nanoparticles) and a host of other 
materials with various viscosities and surface 
tensions. In particular, the PixDro systems have five 
different configurations to enable contemporaneous 
multi-material printing, particulate printing and 
elevated temperature printing of hot melt polymers. 

The work is now concentrated on multi-material 
printing in 3D (especially in vertical direction – the 
“z”), as well as the integration of printing onto 
existing additively manufactured substrates, such 
as those produced by ultrasonic consolidation, or 
materials developed in the sister projects, Reactive 
Jetting of Engineering Materials. Various inks were 
specially formulated to enable printing conductive 
routes in the Z direction as well as real-time UV and 
heat curing sources to establish printing functional 
multi-material structures in a single process.

The project has achieved a breakthrough in sintering 
conductive silver nanoparticle based inks where, 
traditionally, it takes many minutes to transform 
these inks into conductive tracks; the EPSRC  
Centre has developed techniques to reduce the  
to just a few seconds. Other exciting achievements 
were also recently made, particularly on graphene 
based applications, including all-printed graphene 
supercapacitors and graphene based transistors 
which were fabricated using a novel graphene 
oxide rapid reduction method that was developed 
by the project team. Printed meta-materials and 
flexible sensors were also achieved alongside RF 
metamaterials working in the 10 GHz range that  
were successfully printed using various conductive 
and non-conductive materials. Overall, a wide  
variety of sensors were demonstrated such strain 
sensors, temperature sensors, touch sensors and 
humidity sensors. 

A number of collaborations took place as a result 
of recent findings the project has achieved. 
An ongoing collaboration with the quantum 
hub group at The University of Nottingham is 
investigating printing conductive tracks to be used 
under ultra-high vacuum for cold atom trapping 
applications. Metamaterial devices were produced in 
collaboration with national physical laboratory (NPL) 
and further collaboration with NPL is in progress. 
Uniquely design antennas were also fabricated in 
collaboration with the Terahertz Group at Queen 
Mary University.

This work stream has also produced a number of 
high quality journal and conference publications 
reporting results on the quality of the conductive 
tracks produced using different sintering methods. 
Highly thermal resistive polymers were also reported 
and successfully used as a structural material for 3D 
electronic circuits. Multi-material devices were also 
reported particularly on metamaterial structures for 
RF applications. A full list of publication is available 
elsewhere in the annual report.

Project Team: Prof Chris Tuck, Prof Ricky Wildman, 
Prof Ian Ashcroft, Prof Phill Dickens, Prof Richard 
Hague, Dr Ehab Saleh, Dr Jayasheelan Vaithilingam

All-inkjet-printed electroluminescence flexible display
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Scaling down of  
additive processes

To investigate the methodologies for micro/nano  
scale multifunctional Additive Manufacturing  

Nano-functionalised Optical Sensors (NANOS)
The requirements for future Additive Manufacturing systems to produce complex multi-material and 
multifunctional components are reliant on two aspects: increased material capability and increased resolution. 
NANOS specifically targets these aspects through the research and development of nano-resolution 
manufacturing systems, principally multi-photon lithography, that are capable of producing 3D structures of 
the order of 100 nm in materials that have relevance to sensing applications and beyond. In addition, NANOS 
utilises developments in optical tweezer technology to functionalise the structures made using multi-photon 
lithography. NANOS is enabling the deposition of nanoscale structures in new materials that promote the 
development of novel sensory systems.

Au-containing nano-composites fabricated by simultaneous two-photon polymerisation and 
photoreduction. The in-situ generated Au nanoparticles (< 10 nm in diameter) were uniformly 
distributed in polymer matrix. Complex 3D structures were fabricated using Nanoscribe system. 
Feature size as small as 78 nm has been demonstrated.

Highlights

 A new multi-photon lithography system has been developed with extended capabilities – to process 
composites, including polymers and metals, in a controllable way; and to combine with optical tweezer 
technology to functionalize the structure made by multi-photon lithography.

 Since the project’s inception, additional funding has been awarded from EPSRC and the United States 
Air Force’s European Office of Aerospace Research & Development (EOARD) to extend the system’s 
capabilities.

 Nine PhD students are working on spin-off projects that involve collaborations with Nottingham’s 
Electrical Engineering, Biomedical Sciences and Physics Department, demonstrating the wide relevance 
of the technology across the engineering and science fields. 

 A technique to fabricate complex 3D Au-containing nano-composites by simultaneous two-photon 
polymerisation and photoreduction in a single step has been developed. Feature size as small as 78 nm has 
been demonstrated. The in-situ generated Au nanoparticles have surface plasmonic effect. This technique 
opens a door for various application studies, such as plasmonics, metamaterials, flexible electronics and 
biosensors.

 New photoinitiators suitable for two-photon lithography have been identified and synthesized in lab.

Project team: Prof Ricky Wildman, Prof Chris Tuck, Prof Richard Hague, Dr Qin Hu

PhD Student Irene Henning using the two photon 
polymerisation Nanoscribe AM platform.
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Complementary  
research at the CfAM

The research groups contributing to the EPSRC Centre at the 
University of Nottingham are also participating in a number 
of projects in close collaboration with industry, other funding 
agencies and partner institutions.

Formulation for 3D printing:  
Creating a plug and play platform  
for a disruptive UK industry
The new £3.5M four-year programme aims to 
remove the barriers to the uptake of 3D printing 
through the adoption of high throughput formulation, 
establishing sector specific material libraries and 
creating a ‘plug and play’ approach to materials 
selection, thereby securing UK at the forefront 
of the 3D printing revolution. Our aim in this new 
flagship projects  is to decouple printer/process and 
material selection; we aim to develop a methodology 
that will establish a route to rapid identification 
of materials, and importantly, combinations of 3D 
printable materials, and show useful properties for a 
range of industry sectors, including pharmaceuticals, 
agrochemicals, food, chemicals, and consumer 
home & care products. This project will aim to 
meet four research challenges: (1) development of 
a system for rapidly formulating and characterising 
3D printing inks; (2) establishment of formulations 
required to deliver multiple actives in one system; 
(3) identification of edible materials suitable for 
printing and for control of textural and breakdown 
properties; and (4) production of a diverse library of 
polymers plus complementary low molecular weight 
organic gelators to permit a combinatorial approach 
to realise new highly effective and innovative jetting 
inks.  

Academic Partners: University of Nottingham, 
University of Reading, University of Birmingham. 
Industrial partners: Syngenta, GSK, Unilever, PPG 
and Malvern.

Project team at the University of Nottingham: Prof 
Ricky Wildman, Prof Morgan Alexander, Prof David 
Amabilino, Prof Clive Roberts, Prof Christopher 
Tuck, Prof Simon Avery, Dr Derek Irvine, Prof Richard 
Hague, Prof Tim Foster, Dr Yinfeng He, Laura Ruiz, Dr 
Zuoxin Zhou.

The project is funded by EPSRC (EP/N024818/1). 

ADAM: Anthropomorphic Design  
for Advanced Manufacture 
The combination of additive manufacturing 
technologies with data science and human-centred 
design methods can have a transformative effect 
on the functionality, cost and personalisation of 
prosthetic limbs, but that an integrated design 
environment that is open to all stakeholders is 
needed to realise this. Additive manufacturing brings 
the potential to automatically ‘print’ prosthetics, and 
potentially orthotics too, that are personalised to 
their owners in terms of their size, shape, fit to the 
human body, aesthetic and functionality, including 
how they are controlled using physiological signals 
and the specific ways in which they respond to 
these such as performing particular combinations 
of grips. Achieving this level of personalisation 
however requires the analysis of a diverse collection 
of data including bodily measurements, the results 
of clinical tests, statements of user preferences 
and even knowledge about operating context, all 
of which need to be quantified in order to drive 
manufacturing equipment. In turn, the capture and 
analysis of this data requires input and validation 

from a variety of human stakeholders including 
various kinds of clinician, patients and their carers. 
The manufacturing engineering research challenge 
in this project is to be able to intelligently design, 
automatedly evaluate and efficiently manufacture 
innovative prosthetic solutions. Numerical tools 
such as MSC ADAMS software used in conjunction 
with MATLAB Simulink allow for the identification 
of performance index (for instance grip and 
dexterity) for a wide range of prosthesis in an 
automated fashion. This virtual evaluation makes the 
investigation into the variety of prosthetic options 
possible. Advanced prosthetic designs benefit from 
the multi-functional optimisation tools developed as 
part of the CfAM to allow for electrical/electronic 
componentry to be embedded within structurally 
optimised housing.

Project Team: Prof Ian Ashcroft, Dr Ajit Panesar.

The project was funded by EPSRC (EP/N010280/1).

A conductive track jetted onto a 
flexible dielectric polymer surface.

Data-flow for the ADAM design system
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Wearable Soft Robotics for  
Independent Living
The overall aim of this project is to develop wearable 
soft robotic technologies with sophisticated sensing, 
actuation and control for enabling effective and 
comfortable rehabilitation, functional restoration 
and long-term assisted living. This EPSRC funded 
project is a collaboration between the Universities 
of Bristol, Nottingham, Strathclyde, UWE, Leeds and 
Southampton.

At the University of Nottingham, we are undertaking 
targeted materials development for aerosol and 
material jetting in order to develop new compliant 
smart materials and structures for fabrication into soft 
robotic components. Our current focus is on dielectric 
electroactive polymers, where we are working to 
improve the dielectric constant of base elastomers 
through the incorporation of nano-fillers while 
maintaining high elasticity, two properties needed 
for increased actuation. These materials are then 
combined through jetting with layers of conducting 
electrode materials to produce stacked soft actuators.

Academic collaborators: Prof Jonathan Rossiter 
(University of Bristol), Prof Russ Harris (University of 
Leeds), Prof Abbas Dehghani (University of Leeds), 
Prof Rory O’Connor (University of Leeds), Dr Ailie 
Turton (UWE), Dr Christopher Freeman (University 
of Southampton), Dr Arjan Buis (University of 
Strathclyde).

Project Team at the University of Nottingham: Dr 
Ruth Goodridge, Dr Asish Malas 

The project is funded by EPSRC (EP/M026388/1).

Foresight Fellowship in Manufacturing 
– The Future of Additive 
Manufacturing 
The vision of this fellowship is to scope the 
possibilities and see UK academics inventing entirely 
new AM processes that are orders of magnitude 
faster than current processes, and to establish a UK 
Strategy for Additive Manufacturing that enables 
and accelerates UK industry to be world-leading at 
exploiting the technology.

This Fellowship will marry academics from disciplines 
such as physics, chemistry and materials with the 
existing AM community in the UK to explore the 
potential for volume processing materials at high 
speed. Objectives are to:

• Investigate Volumetric AM processes

• Enthuse other academics to take up the 
challenges of next generation AM

• Introduce these new academics to the existing  
AM community

• Encourage the new community to generate 
radically new ideas

• Assist the community to develop feasibility 
studies and full proposals for funding

There will also be activity to engage academics 
in the process to develop a UK Strategy and 
Implementation Plan.

This will occur by taking a dual approach across 
the value chain from discovery at low TRLs in a new 
research agenda to deployment at higher TRLs with 
a UK national strategy to provide a clear route to 
implementation paving the pathway to adoption of 
AM in UK industry.

Specific research outputs from this will be working 
visits each way with opportunities for researchers 
and academics to collaborate on innovative ideas for 
Volumetric Processing. This will also lead to stronger 
academic/industry links within the UK. It is expected 
that there will be joint publications and generation of 
IP and spin-outs.

Principal investigator/Fellow: Prof Phill Dickens

This fellowship is funded by EPSRC (EP/N009088/1)

Next Generation  
Biomaterials Discovery
As part of the EPSRC-funded £5.4M “Next Generation 
Biomaterials Discovery” Programme Grant (EP/
N006615/1) led by Prof Morgan Alexander, will see 
the investigation of three-dimensional polymeric 
materials for biomedical applications in drug delivery, 
regenerative medicine and medical devices. Hereby, 
the difference in material performance during the 
transition from well-investigated 2D surfaces to 
3D is of major interest. This Programme includes 
collaborations from the School of Pharmacy, 
Engineering, Life Science and Medicine at the 
University of Nottingham.

Our efforts will focus upon the preparation of novel 
particle libraries using a microfluidic approach. 
This methodology gives access to a broad range of 
particulates with ranging variations in chemistry, size 
and morphology.[1,2]

In the past year, our research has focused on the 
establishment of microfluidic particle production to 
achieve a first generation microparticle library based 
on acrylates, methacrylates and methacryl amides, 
which had been previously investigated in 2D by the 
Alexander group.[3] 

In the course of the project, approx. 120 particle 
samples have been prepared, using two channel 
geometries and more than 20 different materials. The 
particle diameters achieved range from 60 – 150 μm.

To achieve the formation of particulates in the 
microfluidic chip it was necessary to add a surfactant 
(PVA) to the system. However, subsequent work 
demonstrated incorporation of PVA into the particles’ 
surface during the photo-polymerisation process. To 
avoid this contamination future work will focus on 
the substitution of the PVA for polymeric surfactants 
containing the bulk polymer, yielding particles only 
containing the desired chemistries.

To increase the diversity of our libraries, additional 
chip designs will be introduced, giving access to 
particulates from pre-polymerised materials. 

Project Team: Dr Simon Haas, Dr Noah Russell, Dr 
Derek Irvine, Prof Morgan Alexander, Prof Ricky 
Wildman

This project is funded by EPSRC (EP/N006615/1)

Inkjet Printed (Drop on demand) Dielectric Elastomer 
Specimen for Tensile Test
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Functional Lattices for Automotive  
Components (FLAC)
FLAC is an ambitious successor to the Aluminium 
Lattice Structures via Additive Manufacturing 
(ALSAM) project which ran from 2013 to 2015.  A 
three year project with £1.7 million in funding from 
Innovate UK, FLAC builds on the outcomes of 
ALSAM to develop advanced componentry for the 
automotive sector.  

In addition to structural light-weighting, which has 
the potential to significantly improve the efficiency 
of road vehicles and reduce CO2 emissions, FLAC’s 
emphasis lies in thermo-mechanically optimised 
components.  This new class of components draws 
on the design freedoms of AM, in particular the 
ability to construct cellular structures such as 
periodic lattices, as well as the unique, and often 
superior, mechanical properties of selectively laser 
melted metal alloys.  Cellular structures based on 
minimal surfaces, with their high surface areas and 
torturous flow paths, are of prime interest in FLAC; 
one of its objectives is to produce a software tool to 
incorporate these structures in component designs.

FLAC partners include academic institutions, 
vehicle and component manufacturers, AM design 
specialists and AM machine manufacturers.  The 
consortium will use a combined experimental and 
theoretical approach to advance metal lattice 
technology beyond its current scope, whilst 
monitoring the project’s progress for IP and 
commercial potential.

Project partners: Hieta Technologies Ltd. (Lead), 
Renishaw PLC, Moog Controls Ltd., Bentley Motors 
Ltd., Alcon Components Ltd., Added Scientific Ltd., 
University of Liverpool, University of Nottingham.

Project team at the University of Nottingham: Prof 
Chris Tuck, Prof Ian Ashcroft, Prof Richard Leach, 
Dr Adam Clare, Prof Ricky Wildman, Prof Richard 
Hague, Dr Nesma Aboulkhair, Dr Ajit Panesar, Dr Ian 
Maskery.

This project is funded by the Innovate UK.

Funding to University of Nottingham:  £368,287 
(Total project: £1,742,742)

Advanced Laser-additive layer 
Manufacture for Emissions Reduction 
(ALMER)
The aim of ALMER was to develop the UK Additive 
Manufacturing capability through a consortium 
of both large and small companies, research 
organisations and academic institutions. ALMER was 
specifically designed to tackle the manufacturing 
challenges that must be overcome so that the 
potential design opportunities afforded by Additive 
Manufacturing can be exploited fully. The primary 
objectives of the ALMER project included the 
generation of production standard data for a nimonic 
alloy (C263), optimisation of post processing 
techniques, development of inspection methods, 
process development of a high temperature alloy 
(CM247LC) and the generation of a design and 
optimisation tool that would seek to exploit the 
weight reduction opportunities in component 
design. The combination of these developments will 
enable the advancement towards productionisation 
of Additive Manufacturing components. 

The focus of the ongoing work at The University 
of Nottingham was to build upon research that 
had been conducted in the fields of topological 
optimisation methods and design and optimisation 
of lattice structures for Additive Manufacture.  The 
work sought to advance these methods closer to 
commercial realisation by exploring existing and new 
methods to fully exploit the design freedoms offered 
by Additive Manufacturing, whilst incorporating 
the nuances and performance limitations of this 
modern manufacturing method. In doing so, ALMER 
investigated design optimization and experimental 
validation of titanium samples manufactured using 
Selective Laser Melting. 

Project Team: The ALMER project team is composed 
of a number of industrial and academic partners. 
At The University of Nottingham, the project team 
includes Prof Ian Ashcroft, Prof Ricky Wildman and 
Dr Meisam Abdi.

This project is funded by Innovate UK.

Advanced Structural Integrated Door 
Programme (ASID) 
The highly collaborative ASID project was aimed 
at demonstrating the potential of a number of 
manufacturing technologies for the aerospace sector. 
This included the realization of various components 
of a door assembly via these technologies. 
Topology optimized hinges, components that 
attach the door to an air vehicle were realized via 
selective laser melting, an additive manufacturing 
technique that allowed the consolidation of layers 
of molten powder. Novel thermoplastic materials, 
manufacturing and joining technologies were used to 
derive the other components of the assembly.

Additively manufacturing the hinges allowed the 
production of an optimal design with little need for 
feature penalization. The hinges were simultaneously 
optimized while experiencing multiple load 
cases to simulate loads experienced by the door 
during service in an open and close position. 
The dimensions of the hinge were constrained to 
the build envelop of the machine while various 
topology optimization strategies for fatigue was 
investigated.  This work showed that complex hinge 
designs realised via additive manufacturing could be 
incorporated in an aerospace assembly. However, 
complications arising from building large parts 
necessitate the use of unconventional supports 
to avoid build failures. This industrially focussed 
projects was funded by innovate UK.

Project Team: Dr Adedeji Aremu, Dr David Brackett, 
Dr Tho Ngugen, Prof Ian Ashcroft, Prof Richard 
Hague.

The project was funded by Innovate UK.

.

An example of a lightweight aluminium 
structure featuring a triply periodic 
minimal surface (TPMS) lattice
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Liquid Metal 3D Printing by MetalJet 
The technological devices that we use on a daily 
basis are evolving at an exponential rate to cope with 
modern society’s needs. They are primarily becoming 
more compact and efficient. For manufacturers, this 
means utilising techniques capable of handling higher 
complexity levels to accommodate the demands for 
efficiency and functionality – hence the potential for 
multifunctional Additive Manufacturing. The bespoke 
droplet-on-demand system “Metaljet”, funded by 
EPSRC (EQ/A000078/1), that has been developed 
through an exclusive collaboration with Canon-Océ 
(The Netherlands), is one such future technology 
that is uniquely capable of individually jetting molten 
droplets of metals with melt points up to 2000º C. 
Control of the deposition of such high temperature 
metal droplets will realise the manufacture of complex 
2D and 3D interconnects and structures of various 
complexity for various areas of application – for 
example 3D electronics pathways. 

Current fundamental research on liquid metal 
printing of various metals (Sn, Ag, Cu, etc.) is focused 
on tuning the process parameters to produce a 
consistent stream of molten droplets that can be 
deposited additively to generate shapes. Research of 
the droplets’ deposition and interaction with various 
substrates is also ongoing to ensure a sound bond to 
add surface functionality. 

The main goal of this initial work is to show that by 
liquid metal 3D printing we can fabricate complex 
structures of great accuracy from the micro to the 
macroscale.

Project Team: Dr Marco Simonelli, Dr Nesma 
Aboulkhair, Mark East, Prof Richard Hague, Prof Chris 
Tuck and Prof Ricky Wildman. 

A silver cone printed droplet-by-droplet 
on the MetalJet system
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3D Printed Formulations  
by Additive Manufacturing 
The 3D printed formulation project is sponsored by 
GlaxoSmithKline. The aim of the project is to study 
the feasibility of manufacturing drug releasing solid 
dosage forms (tablets) using inkjet, SLA, and extrusion 
printing. These additive manufacturing platforms 
offer geometric flexibility and additional control over 
dosage design, which may allow for the production of 
personalized medicine.

Our research has focused on UV curable and solvent 
evaporation type inkjet formulations for highly water 
soluble Active Pharmaceutical Ingredients (APIs). We 
have also investigated the drug release behaviour from 
extrusion printed paste formulations. Future work will 
involve the formulation of poorly water soluble APIs 
inks for inkjet and SLA printing processes, as well as 
on implantable drug delivery devices.

In this figure we demonstrate the drug release 
behaviour of Ropinirole HCl, a low dose, highly water 
soluble API from a UV cured tablet matrix. The inkjet 
printed tablets contain a commercially relevant dose 
(0.41 mg) of Ropinirole HCl.  Release (89%) of the API is 
observed over four hours.

Project Team: Prof. Ricky D. Wildman, Prof. Morgan R. 
Alexander, Prof. Derek J. Irvine, Prof. Clive J. Roberts, 
Martin M. Wallace (GSK), Sonja Sharpe(GSK), Jae 
Yoo(GSK), Elizabeth A. Clark, Shaban Khaled, Hatim 
Cader.

Release profile of Ropinirole HCl loaded inkjet printed 
tablets. An image of the tablets is also shown (inset).

Jetting of Polydimethylsiloxanes 
Polydimethylsiloxanes (PDMS) are an important class 
of polymers of which interesting properties including 
high flexibility, gas permeability, biocompatibility, 
UV, high temperature and chemical agents’ 
resistivity allow them to be used in biomedical, 
automotive, aerospace and defence industries.  
Having a fabrication method that allows tailoring the 
microstructure, shape and mechanical properties 
of PDMS features is essential for expanding their 
application.

The current project focuses on synthesis, 
functionalization and fabrication methods for 3D 
cellular PDMS structures of which mechanical 
properties can be tailored by varying the process 
parameters, including ink formulation and a 
structure’s design. Printing parameters such as 
pressure, temperature, and pulse shape were 
investigated to optimize the process for viscoelastic 
PDMS inks and the different formulations were 
evaluated for printability using rheology. The 
thermogravimetric analysis (TGA), swelling 
and dynamic mechanical analysis (DMA) were 
performed to understand the change in the sample’s 
properties in relation to different formulations. 
PDMS cellular structures with different porosities 
were printed and the mechanical properties 
were investigated.  The results showed that the 
capability to alter mechanical properties of printed 
polydimethylsiloxane structures could be achieved 
using different process parameters and also by 
different micro-structural design.

Future work will focus on further development, 
synthesis and modification of PDMS with functional 
groups and silver nanowires for sensing application 
(strain sensor, electronic skin).

Project team: Dr Aleksandra Foerster, Prof 
Christopher Tuck, Prof Ricky Wildman, Prof Richard 
Hague, Anna Terry

Funded by: AWE plc, Aldermaston, Reading, 
Berkshire, RG7 4PR, UK

Step 1: 
Design the part as a 3d model.
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Step 2: 
Generate layer slices using 
(‘Matlab’ ‘Slicer’ etc).

Step 3: 
Generate machine code using Python 
based software.

Step 4: 
Additively manufacture the part.
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Laser Sintering and Stereolithography  
of Syntactic Foams 
The main goal of this project is the production 
of customised, low density components for 
industrial applications using additive manufacturing 
technologies. Depending on the material and desired 
pores size, syntactic foams can be produced from 
open cellular structures (lattices) as well as from 
composite materials with a high content of the low 
density component, e.g. glass microspheres. 

The first low density material tested for laser sintering 
(LS) was Eccostock FFP, an off-the-shelf, epoxy-based 
composite free-flowing powder. Interaction of the 
powder material with the laser beam during the LS 
process selectively consolidated the polymer matrix 
into a rigid and ultra-light three phase syntactic 
foam (~ 0.1 g/cc), while the rest of the powder was 
unaffected and served as a support while building 
the structure. Optimal parameters for processing 
the powder using an EOS Formiga P100 LS system 
were established. Using different parameter sets, 
compression samples were produced to evaluate 
the mechanical properties of the final parts and the 
influence of the different processing parameters on 
part density. It was demonstrated that a relatively 
low processing temperature (below 70 °C) with 
short heating and cooling periods produced samples 
with good dimensional accuracy. The results of the 
project have been accepted for presentation at the 
conference, Syntactic and Composite Foams to be 
held in Siracusa, Italy, March 26-31, 2017. 

The second phase of the project is exploring the 
possibility to produce ultralight density parts using 
stereolithography, applied to the composite resins 
with high content of glass bubbles as well as using 
cellular structures. 

Project team: Dr Petra Juskova, Prof Chris Tuck, Dr 
Ruth Goodridge

Project Partners: Mark Swan (AWE plc), Anna Terry 
(AWE plc)

Funded by AWE plc, Aldermaston, Reading, Berkshire, 
RG7 4PR, UK

3D Printing Production Planning 
(3DPPP): Reactive manufacturing 
execution driving redistributed 
manufacturing 
The 3D Printing Production Planning (3DPPP) Project, 
which was carried our collaboratively between the 
Faculty of Engineering and the School of Computer 
Science at Nottingham University and was funded 
by the 3DP-RDM network, has explored the release 
of significant additional value by developing an 
optimisation-based manufacturing execution system 
that complements the strengths of 3D Printing. 
Fundamentally, the approach aims to replace the 
existing machine allocation process with an integrated 
production planning tool driven by combined 
build volume packing and scheduling logic. Called 
“3DPackRAT”, the demonstrator system created in 
this project thus helps identify the best possible 3D 
Printing system for each job in an automated process, 
including re-distributed settings. Such functionality 
can be labelled a ‘capacity aggregator’ for 3D Printing.

As the main output of this research, the 3DPackRAT 
system has been presented over the course of 
the project to a range of industrial collaborators. 
Implemented as a web-based system, it is able to 
serve as a minimum viable product which can be 
used by interested parties for evaluation. Further 
iterations of the tool will be created in a rolling fashion 
and the project team will retain full control over the 
demonstrator system. More information on the project 
and 3DPackRAT is available at the project website at 
www.3dpackrat.com.

The project team expects that novel types of 
manufacturing information platforms will emerge to 
coordinate the various elements of the general digital 
manufacturing work flow. It is expected that over 
time, more and more elements will be integrated into 
optimisation systems. Regarding the manufacturing 
execution systems for 3DP, such as the developed 
demonstrator, it is expected that business platforms 
will emerge to orchestrate the order flow in 3DP by 
aligning network capacity towards low cost and also 
redistribution.

Project team: Dr Martin Baumers, Dr Ender Ozcan,  
Dr Jason Atkin, Warren Jackson, Wenwen Li

This project was funded by the 3DP-RDM network 
(EP/M017656/1)

3D Printing Scaffolds for Wireless 
Control of Cardiomyocyte 
Differentiation
Cardiotoxicity, a condition where the heart cells are 
damaged by toxins is a leading cause of drug failure 
especially for patients with pre-existing heart disease. 
There is a growing interest to develop an in-vitro 
drug testing model for screening the potential drug 
candidates for cardiotoxicity. The objective of this 
work is to fabricate scaffolds for the cardiomyocytes 
using a conductive material in a submicron scale using 
the 3D printing technology. In addition to housing 
the cells, external electric potential will be supplied 
to the cells via the scaffolds wirelessly to guide 
the proliferation of cells, its growth and maturity. 
Being able to monitor and control the growth of 
the cardiomyocytes, this project aims to develop 
a wireless sensing mechanism for in-vitro drug 
screening and development.  

Project Start Date: January 2017

Project Team: Dr Jayasheelan Vaithilingam, Dr Frankie 
Rawson, Prof Christopher Tuck, Prof Ricky Wildman, 
Prof Richard Hague, Prof Morgan Alexander and Prof 
Chris Denning.

Example of a part fabricated from Eccostock FFP using 
optimized LS parameters (left) and a SEM image of the 
processed material (right).
© British Crown Owned Copyright 2017/AWE
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Reaching out:  
the National Centre 

Following the start of the EPSRC Centre in 2011, funds were awarded to act 
as a National Centre for Additive Manufacturing research in 2012. These 
funds were targeted at supporting the UK Additive Manufacturing research 
community in project initiation and to foster joint working. Funds were 
available to external organisations to support travel for research set-up 
meetings and also to allow the use of the EPSRC Centre’s facilities to UK 
researchers. A budget has also been allocated to support networking and 
focus groups. 

The 11th International Conference on 
Additive Manufacturing & 3D Printing, 
July 2016, Nottingham
In July 2016 for the 11th year, the EPSRC Centre 
once again hosted the International Conference 
on Additive Manufacturing and 3D Printing. The 
three-day event attracted over 250 attendees from 
18 countries, including the United States, Asia and 
many countries in mainland Europe. A total of 29 
speakers gave presentations, most of whom were 
personally invited by the Centre Director and the 
organising committee. These included innovative 
talks by NASA, GSK, Lawrence Livermore National 
Laboratories, AWE, Toshiba and Alcoa. The event 
also included a technology vendors’ exhibition which 
was attended by some 24 companies providing 
Additive Manufacturing hardware, materials, 
services, and supporting scientific equipment. 

Included within the conference but preceding the 
main two days of the event was the UK AM Research 
& Innovation Day. This special one day event 
highlighted the best of UK Additive Manufacturing 
Research and Innovation that is taking place at 
UK Universities and Innovation Centres. UK based 
research groups with significant AM activity gave 
technical overview presentations detailing their 
current and future research work with the intention 
of showcasing both the breadth and depth of the 
work that is currently on-going in the UK. The event 
attracted 172 attendees, which included 13 speakers 
from academia (Heriot- Watt, Cranfield, Imperial 
College, Sheffield, Newcastle, Birmingham, Exeter, 
Manchester, Cambridge and Nottingham), MTC, 
Innovate and TWI.

Testimonials:
“A perfect balance between conference 
presentations and networking arenas”
Kristin Lippe – Norwegian Defence Research 
Establishment

“A great event attended by people from 
across the industry with a good spread  
of speakers highlighting a range of 
relevant topics”
George Hopkins – HiETA Technologies Ltd

“There’s always something new at the 
Nottingham conference which is certainly 
not a claim that every conference can 
make” 
Jez Pullin – Sartorius Stedim Lab Ltd

“A great networking and commercially 
valuable event that we definitely plan to 
attend again next year” 
Mike Cottee – PI UK

“Great balance of content with plenty  
of networking space in a location that  
is central” 
Chris Jones – Autodesk

AM Conference

Delgates

Countries 
represented

Exhibitors

2011

211

19

11

2012

225

20

11

2013

244

19

17

2014

304

18

21

2015

291

17

24

2016

265

18

24

Countries 
represented 
2011-2016

36
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Initiatives aimed at primary right 
through to college age students and 
beyond 
Family Discovery Day and Into University Events 
Open day events at the University of Nottingham 
for families from local primary/secondary schools 
to come and engage in fun research activities. The 
‘IntoUniversity’ scheme at UoN is a mentor scheme 
for Undergraduates to take on the mentoring of local 
primary & secondary school children. The CfAM 
ran exhibition stalls with interactive activities and 
demonstrated a 3D printer and parts produced by 
various AM processes. 

Coding for Additive Manufacturing Workshop 
Students from the CfAM conducted a workshop for 
“coding and design for AM” where primary school 
students used Python software to design key rings 
which were then 3D printed for the students. 

After School Science Club   
Attended local primary schools as a part of the 
School of Pharmacy’s ongoing ‘After School Club’ 
initiative, supporting activities of various colleagues 
in the School of Pharmacy at the University of 
Nottingham.  

British Science Week, Pathways to STEM Science 
Fair, Mansfield Library 
Engagement event for local school students to 
promote STEM subjects and inspire secondary 
school aged students to pursue STEM subjects in 
their secondary education.

Introduction to Additive Manufacturing Workshops 
Stafford College – The CfAM hosted a group 
of college students from Stafford College for a 
workshop and visit at our institute. The visit started 
with a background presentation in AM. During this 
session they were split into brainstorming sessions 
discussing the advantages/disadvantages of 3D 
printing facilitated by the PhD students along with 
activities and hands-on demonstrations of a 3D 
printer and parts. The visit ended with a tour of the 
CfAM laboratories.

Nottingham University Academy for Science 
and Technology (NUAST) - Students were given a 
background to AM & 3DP and were taught about 
topology optimisation and design for additive 
manufacturing through a case study example.    

Gloucester Academy – Students were given a 
lecture on AM&3DP and associated STEM career 
opportunities. The lecture covered a personal 
account of a journey through University and an early 
stage career in science. The session concluded with 
a competitive design activity with over 100 students 
taking part.  

Babington Community College – A series of four 
sessions for students covering the fundamentals of 
AM&3DP, Concepts and Tools, Coding in the Design 
for AM and Designing for AM. Students were given 
the tools and knowledge to design keyrings and 
cases for their BBC Microbits using the simple CAD 
package, tinkerCAD. 

Faculty of Engineering Christmas Lecture 2016 
A lecture on “Material Transformations” covering a 
variety of topics regarding physical and chemical 
changes to materials with fun demonstrations. The 
Engineering Christmas lecture showcased the huge 
technological advances in Aerospace, Additive 
Manufacturing and Advanced Materials; taking 
maths and sciences from school and showing how 
these form the basis of innovations that impact the 
world around us. Alongside the fun and enlightening 
lecture, there were also foyer activities to take for 
the students to take part in. Staff from the CfAM 
presented a lecture on “Material Transformations” 
alongside colleagues in the Materials Engineering 
group covering a variety of topics regarding 
physical and chemical changes to materials with fun 
demonstrations.  

BAE Systems Graduate Exhibition 
The CfAM were invited to run and exhibit for 
BAE Systems at their graduate training scheme 
graduation ceremony. CfAM staff were on hand with 
engaging activities, exhibits and information leaflets 
to speak to the young graduates and upskill them 
about AM and 3DP.

Radio 4 – In Business – “Has 3D printing lived  
up to hype?” 
Centre Director, Prof Richard Hague, was 
interviewed at the 11th Annual International Additive 
Manufacturing & 3D Printing Conference by Peter 
Day for his last “In Business” broadcast. Having 
produced a radio programme 5 years ago examining 
the progress of 3D printing in manufacturing he was 
returning to the topic to see if it had lived up to the 
early promise. He attended the conference to catch 
up with attendees and other high profile speakers at 
the event.

Pint of Science, Nottingham 
Staff and Students from the CfAM took centre stage 
for presentations and exhibits at the Nottingham 
chapter of the international ‘Pint of Science’ 
outreach event. Academics research presentations 
on current research activity and addition to an 
exhibition stall with interactive and demonstration 
activities were conducted over a 3-day event 
throughout Nottingham. The festival sees thousands 
of scientists simultaneously standing up and talking 
about their research. It brought a unique line up of 
talks, demonstrations and live experiments to city’s 
favourite pubs, bars and venues.

State of the art review  
of research competence
In conjunction with Innovate UK and as an update 
to an initial report in 2012, a detailed review of 
UK Additive Manufacturing research competence 
and funding was completed and published by the 
National Centre in 2015. The review identified some 
244 active Additive Manufacturing research projects 
taking place across the UK involving over 250 
research organisations and companies. In total some 
£30-million per annum of research was identified 
that is directly supporting Additive Manufacturing 
research within either the science base or industry. A 
large portion of this funding is attributable to single 
material Additive Manufacturing for both polymeric 
and, especially, metal parts; however, the growing 
footprint of funding for multifunctional Additive 
Manufacturing was also recognised. The report also 
highlights the changing of technology readiness 
levels of Additive Manufacturing activity and how 
the technology is clearly starting to gain mainstream 
adoption into new sectors of the economy from retail 
and the creative industries to the medical sector and 
aerospace. The full report can be downloaded from: 
https://www.gov.uk/government/uploads/system/
uploads/attachment_data/file/505246/CO307_
Mapping_UK_Accessible.pdf

Open-source Prosthetics and Assistive 
Devices Group (O-PAD) 
Open-source Prosthetics, Assistive, adaptive and 
rehabilitation Devices (O-PAD) group was set-up in 
October 2016 by the researchers and academics (Dr 
Jayasheelan Vaithilingam, Dr Ajit Panesar, Mr Joseph 
White, Dr Ruth Goodridge and Dr David Branson), 
in the Centre for Additive Manufacturing (CFAM). 
In addition to the academic departments within the 
faculty of Engineering, this voluntary group also works 
in collaboration with Nottingham University Hospitals, 
Royal National Orthopaedic Hospital and the charity 
Remap.

The ultimate aim of this group was to expose students 
to real-life challenges and research environment. 
Additive Manufacturing (AM) showcased the potential 
to fabricate low-cost one-off customised parts for 
assistive, adaptive and rehabilitation (AAR) devices. 
This collaborative team will work through the AM 
design process together to provide effective outcomes 
to issues highlighted by hospital patients and staff, 
occupational therapists’ and the wider disabled 
community. In addition to working on a case study, 
the participating students will benefit from the invited 
talks and seminars by experienced professionals from 
academia and industries.

In this inaugural year, the information event organised 
in October received immense interest from the under-
graduates and post-graduate taught and research 
students. Currently, over 40 students are actively 
involved in this group in the capacity of management 
committee and contributing members. The initial task 
assigned to the group was to select a test case available 
on the Remap’s library and optimise the design for light-
weight structures with a better aesthetics, ergonomics 
and comfortability. The students are mentored by the 
doctoral and post-doctoral researchers in the CFAM, 
with additional support from the collaborating partners. 
On completion of this initial task of understanding the 
basics in design and manufacturing, the OPAD team 
will work on case studies provided by the partnering 
healthcare and charity organisations. 

This new initiative received a generous grant of £18,000 
for 3 years from the University of Nottingham’s Cascade 
Grants programme.

Funding transformative student projects 
thanks to donations from alumni and friends 
of The University of Nottingham

3D Printing and Additive Manufacturing 
in Healthcare Special Interest Group 
(SIG)
Ruth Goodridge set up a Special Interest Group 
(SIG) in Additive Manufacturing & 3D-Printing for 
Healthcare with Medilink EM. The 3D-Printing and 
Additive Manufacturing for Healthcare Special 
Interest Group (SIG) brings together researchers, 
healthcare professionals, industrialists and scientists 
to develop and explore the application of these 
technologies to relevant clinical need.

Engagement with wider public 
In addition to engaging the academic and industrial 
AM ecosystem, the CfAM has undertaken a 
significant community engagement programme 
within the local East Midlands area. The innovative 
and far-reaching schedule has targeted local primary 
and secondary schools, community groups and 
national public awareness events, such as British 
Science Week and Pint of Science. The group was 
also awarded additional funding to support their 
work from the University of Nottingham’s Widening 
Participation Team. 
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Doctoral research  
within the 3DPRG

PhD students from a variety of 
backgrounds are carrying out doctoral 
research in the context of the EPSRC 
Centre and at the Centre for Additive 
Manufacturing. The following lists 
the contributing PhD Students, their 
academic backgrounds and the topic 
of their doctoral project:
Charlotte Blake (Human Physiology): Additive 
Manufacturing of Cardiovascular Devices 
Supervisors: Ruth Goodridge, Donal McNally, Ricky 
Wildman.

Sarah Everton (Mechanical Engineering):  
Ensuring the quality of metallic components made by 
Additive Manufacturing for aerospace.  
Supervisors: Phill Dickens, Chris Tuck and David 
Wimpenny and Ben Dutton at the Manufacturing 
Technology Centre.

Leonida Gargalis (Space studies): Design and 
Manufacture of High Performance Electric 
Drives using structural optimisation and additive 
manufacturing. Supervisors: Ian Ashcroft, Richard 
Hague, Michael Galea.

Deshani Gunasekera (Chemical Engineering): Three 
Dimensional Printing of Biomaterial-Laden Ionic 
Liquids. Supervisors: Ricky Wildman, Anna Croft, 
Chris Tuck.

Irene Henning (Material development, 
microfabrication, microbiology): Studying 
bacterial communities incorporated in two-photon 
polymerised microstructures. Supervisors: Richard 
Hague, Morgan Alexander, Mischa Zelzer, Paul 
Williams.

Dominic Hui (Biomaterials): Laser Sintering of 
Nanocoated Powders for Biomedical Applications 
Supervisors: Ruth Goodridge, Colin Scotchford,  
David Grant.

Sam Irving (Chemistry): Synthesis and processing of 
polymers in supercritical carbon dioxide for additive 
manufacturing applications. Supervisors: Chris Tuck, 
Ruth Goodridge, Steve Howdle.

Anna Lion (Pharmacy): The use of 3D printing to 
produce complex and personalised solid dosage 
forms. Supervisors: Clive Roberts, Morgan 
Alexander, Ricky Wildman.

You Li (Electrical and electronic engineering): Inkjet 
printing of thin film graphene transistor.  
Supervisors: Prof Christopher Tuck; Prof Richard 
Hague; Prof Ricky Wildman; Dr Saleh Ehab.

Yaan Liu (Polymer Science and Technology): 
Additive Manufacture of Three Dimensional 
Nanocomposite Based Objects through Multiphoton 
Fabrication. Supervisors: Prof Ricky Wildman, Prof 
Chris Tuck, Dr Qin Hu.

Le Ma (Chemical Engineering): Reactive printing  
of polyuria. Supervisors: Christopher Tuck, Ricky 
Wildman, Richard Hague, Yinfeng He.

Georgina Marsh (Pharmacy): Investigation of  
model carriers and inhalation particles to determine  
the relative importance of morphology and surface 
energy for interaction. Supervisors: Clive Roberts, 
Morgan Alexander, Ricky Wildman.

Thuy Trang Ngo (Mechanical Engineering): An All  
Ink-jetted Flex Sensor for Upper Limb Prosthetics. 
Supervisors: Ian Ashcroft, Ruth Goodridge.

Obinna Okafor (Mechanical Engineering): 
Advanced reactor engineering with Additive 
manufacturing for continuous flow synthesis. 
Supervisors: Ruth Goodridge, Victor Sans Sangorrin.

Olusola Oyelola (Manufacturing Engineering): 
Adaptive Machining of Additively Manufactured 
components. Supervisors: Adam Clare, Phill 
Dickens.

David Pervan (Chemical Engineering with 
Environmental Engineering): Additively 
manufacturing conductive three-dimensional copper 
structures. Supervisors: Ricky Wildman, Edward 
Lester, Chris Tuck, Richard Hague.

Elisabetta Prina (Bioengineering): Fabrication  
of 3D limbal epithelial crypts: a first step towards  
cornea regeneration. Supervisors: Felicity Rose, Jing 
Yang, Ricky Wildman

Jing Pu (Mechanical Engineering): Automatic 
control involved in the 3D printing of long fibre 
composites. Supervisors: Shuguang Li, Ian Ashcroft, 
Arthur Jones, Tao Yang.

Qifeng Qian (Chemical and Environmental 
Engineering): Fundamental Investigation on Reactive 
Inkjet Printing of Polycarbonate. Supervisors: Chris 
Tuck, Ricky Wildman, Richard Hague, Belen Begines.

Paola Sanjuán Alberte (Pharmacy): Advanced 
Manufacturing of Artificial Conducting Tissue 
Scaffolds. Supervisors: Frankie J. Rawson, Richard 
J.M. Hague, Chris Denning, Morgan R. Alexander.

Richard Sélo (Materials Engineering): Additive 
Manufacturing of Lattice Structure for Electro-Optic 
Assemblies in Aerospace Systems. 
Supervisors: Christopher Tuck, Ian Ashcroft.

Cassidy Silbernagel (Mechanical Engineering):  
Multi-material additive manufacturing of insulated 
windings for electric motors. Supervisors: Phill 
Dickens, Ian Ashcroft, Michael Galea.

Aylin Turgut (Biochemistry, Stem Cell Biology): 
Building 3D architectures for cardiomyocytes. 
Supervisors: Derek Irvine, Ricky Wildman, Morgan 
Alexander and Andrew Hook.

Zhengkai Xu (Manufacturing Engineering):  
The creep performance of SLM manufactured  
Inconel 718 superalloy. Supervisors: Adam Clare, 
Chris Hyde, Chris Tuck.

Ge Zhao (Mechanical Engineering): An investigation 
of the addition of salt to SLM feedstocks to enable 
the rapid creation of stochastic cellular structures. 
Supervisors: Ian Ashcroft, Adam Clare, Richard 
Hague.

Zhiyi Zou (Mechanical Engineering): Apply  
induction heating to reduce residual stresses  
in selective laser melting. Supervisors: Richard 
Hague, Marco Simonelli, Dimitrakis Georgios, 
Juliano Katrib.  

Yijia Zhou (Physics): Design and optimization 
of quantum devices of cold atoms for additive 
manufacturing. Supervisors: Mark Fromhold, Weibin 
Li, Ricky Wildman, Christopher Tuck.

Writing up: 
Meisam Askari (Nanoelectronics): Metamaterial 
fabrication using two-photon polymerisation and 
optical trapping. Meisam has also started a Research 
Associate position on EPSRC (EP/N034201/1) 
project, High Resolution Biomedical Imaging Using 
Ultrasonic Metamaterials (PI: Dr Adam Clare). 

Michele Garibaldi (Bioengineering): Impact of 
Additive Manufacturing on the optimal design of 
electrical machines 

Amanda Hüsler (Materials Science): Polymer particle 
formation using ink jet printing

Javier Ledesma (Nanoscience): 3D jetting of 
functional materials. Javier has started a Research 
position on a Hermes Fellowship project, 
Development of a prototype machine for a new 3D 
printing technique (Applicant: Dr Yinfeng He). 

Luke Parry (Mechanical Engineering): Simulation and 
optimisation of Selective Laser Melting. Luke has 
started a research job within Added Scientific Ltd. 

Benjamin Paul (Neuroengineering): Additive 
manufacture of a neuron biosensor 

Craig Sturgess (Mechanical Engineering): 
Investigating and modelling the progress of drop on 
drop mixing and reaction in reactive inkjet printing. 
Craig has started a research job within Added 
Scientific Ltd. 

Andrew Knott (Physics): Fabrication of sub-micron 
light trapping structures for use in dye-sensitised 
solar cells

Farhan Khan: Thesis submitted and currently 
employed as KTP Associate - Product Development 
Engineer in the Institute for Innovation in Sustainable 
Engineering at the University of Derby.

Mary Kyobula (Pharmacy): Manufacturing of 
personalised solid dosage forms using 3D inkjet 
printing - Thesis submitted.CDT PhD Students Carlo Campanelli 

and Nicholas Southon the viscoelastic 
properties of a material using a rheometer
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EPSRC Centre for 
Doctoral Training in 
Additive Manufacturing 
and 3D Printing 
Cohort 1 – Started 2014
• Hatim Cader: 3D Printing of solid dosage forms 

(Sponsor: GSK, Home Institution: University of 
Nottingham)

• Carlo Campanelli: Processing of high 
performance fluoropolymers by Additive 
Manufacturing, (Sponsor: Fluorocarbon, Home 
Institution: University of Nottingham)

• Rebecca Garrard: Process monitoring of electron 
beam melting by in-situ X-ray detection (Sponsor: 
Stryker, Home Institution: University of Liverpool)

• Alexander Gasper: Laser Metal Deposition of 
Titanium Aluminides and the embedding of 
fibre optic (Sponsor: Oerlikon, Home Institution: 
University of Nottingham)

• Duncan Hickman: SLM of Ti-6Al-4V for 
Biomedical Applications (Sponsor: Materialise 
HQ, Home Institution: University of Nottingham)

• Sarah Kelly: Design Rules for Additively 
Manufactured Wearable Devices (Sponsor: 
Materialise, Home Institution: University of 
Loughborough)

• William Rowlands: Materials Development for 
Selective Laser Sintering (Sponsor: Borg Warner, 
Home Institution: University of Loughborough)

• Nicholas Southon: Materials Development for 
Selective Laser Sintering (Sponsor: BMW, Home 
Institution: University of Nottingham)

• Adam Thompson: Validation of x-ray computed 
tomography for additive manufacturing (Sponsor: 
3T, Home Institution: University of Nottingham)

Cohort 2 – Started 2015
• Liesbeth Birchall: Quantum dot- silicone 

nanocomposites via reactive inkjet (Sponsor: 
AWE, Home Institution: University of Nottingham)

• Sam Catchpole-Smith: Selective laser melting of 
lattice structures for heat transfer applications in 
gas turbine engines. (Sponsor: Siemens, Home 
Institution: University of Nottingham)

• Lars Korner: Development of XCT techniques 
to measure the internal dimensional properties 
of additive manufactured parts (Sponsor: Nikon, 
Home Institution: University of Nottingham)

• Yazid Lakhdar: Additive Manufacturing of 
advanced ceramic materials (Sponsor: AWE, 
Home Institution: University of Nottingham)

• Sam Morris: Process, microstructure and 
property relationships in Inconel 718 produced 
by selective laser melting (Sponsor: UTAS, Home 
Institution: University of Nottingham)

• Lewis Newton: Development of methods for 
measuring the surface topography of additive 
manufactured parts (Sponsor: MTC, Home 
Institution: University of Nottingham)

• Vicente Rivas Santos: Design for metrology in 
Additive Manufacturing (Sponsor: NPL, Home 
Institution: University of Nottingham)

• Joseph Dudman: Bioprinting osteoarthritic join 
co-culture (Sponsor: Arthritis Research UK Tissue 
Engineering Center, Home Institution: Newcastle 
University)

• Babis Tzivelikis: Polymer-based additive 
manufacturing for microfluidic diagnostic 
devices (Sponsor: QuantumDx, Home Institution: 
Newcastle University)

• Priscila Melo: Binder and powder blend 
formulation for porous apatite-wollastonite 
implants (Sponsor: GTS, Home Institution: 
Newcastle University)

• Niloufar Hojatoleslami: Additive manufacturing of 
bioactive composite scaffolds for osteochondral 
implants (Sponsor: Arthritis Research UK Tissue 
Engineering Center, Home Institution: Newcastle 
University)

• Kegan McColgan-Bannon: Synthesisi of natural/
synthetic hybrid polymers (Sponsor: Arthritis 
Research UK Tissue Engineering Center, Home 
Institution: Newcastle University)

• Mahid Ahmed: Bioprinting skin equivalents 
for toxicity testing (Sponsor: Alcyomics, Home 
Institution: Newcastle University)

• Xabier Garmendia: Functional coated powders 
for selective laser melting (Sponsor: Renishaw, 
Home Institution: University of Liverpool)

• Nathalie Sallstrom: Directed neural cell growth in 
additive manufacturing systems for applications 
in next generation prosthetics (Home Institution: 
Loughborough University)

• Greg Murray: Manufacturing of ‘smart’ footwear 
components (Sponsor: Texon, Home Institution: 
Loughborough University)

• Iliya Dimitrov: Additive manufacturing 
for quantum systems (Home Institution: 
Loughborough University)

• James Smith: Investigation into the additive 
manufacture of intramedullary caps to provide 
mechanical support & alleviate soft tissue pain 
in transfemoral amputees (Home Institution: 
Loughborough University)

• Michael Ward: Additive manufacturing of life-
like prosthetics (Sponsor: 3D LifePrints, Home 
Institution: University of Liverpool)

Cohort 3 – Started the training 
programme in 2016
• Isam Bitar (Sponsor: Exova/NPL, Home 

Institution: University of Nottingham)

• Chung Han Chua (Home Institution: University of 
Nottingham)

• Arthur Coveney (Home Institution: Loughborough 
University)

• Marina-Erini Mitrousi (Sponsor: Pfizer, Home 
Institution: University of Nottingham)

• Thomas Nethercott-Garabet (Home Institution: 
Loughborough University)

• Ian Richards (Home Institution: University of 
Liverpool)

• Fiona Salmon (Sponsor: GTS, Home Institution: 
University of Nottingham)

• Ellen Webster (Home Institution: Loughborough 
University)

CDT Director Professor Chris Tuck with 
the 3rd Cohort of CDT PhD Students 
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Visiting researchers 

Calorimetry and microstructure 
analysis of the order-disorder  
phase transformation in silicon  
steel built by SLM
The project is a study on the metallurgical principles 
that underlie the structure-property relationships 
of silicon steel (Fe-Si) processed by Selective Laser 
Melting (SLM). The metallurgy of the material was 
investigated by differential scanning calorimetry 
(DSC), microscopy and hardness measurements. 
As-built Fe-Si parts are found to consist primarily 
of disordered phase A2 as high cooling rates during 
SLM processing suppress the formation of ordered 
phases D03 and B2. The study shows how heat 
treatments can be applied to modify the state of 
order and morphology of the rapidly solidified 
microstructure.  At low temperature heat treatments 
(400°C) ordering reactions proceed slowly, while 
it is possible to introduce a saturation level of 
ordering at temperatures around 600°C – 700°C 
without dissolving SLM typical melt pool segregation 
features. By annealing as-built parts at elevated 
temperatures (900°C for 1 h) the cellular structure 
and melt pools boundaries vanish but the average 
grain size remains unchanged. Heat treatments 
in the high-portion of the A2 phase field produce 
specimens with homogenous microstructure 
resembling that obtained by traditional processing of 
Fe-Si. The results of this study present a first step to 
demonstrate how heat treatments could tailor Fe-Si 
built by SLM for future magnetic applications and 
encourage the application of DSC measurements 
as an approach for tracing microstructural ordering 
evolution.    

Visiting researcher: Jannis Lemke, Department of 
Mechanical Engineering, Politecnico di Milano, Italy. 

Main project supervisor: Dr Marco Simonelli

Exploring the effect of kitting on the 
efficiency of order flow in AM
This project studies for the first time the effect of 
grouping together particular products for efficient 
handling, known as kitting, in the context of 
the AM. The project utilises an integrated build 
volume packing and scheduling implementation 
(3DPackRAT) developed at the University of 
Nottingham to computationally model a workflow. 
The obtained results are supported with process 
data from a build experiment on a state of the art 
commercial Laser Sintering system.

Visiting researcher: Siavash Haghighat Khajavi, PhD 
student at Aalto University, School of Science and 
Technology, Finland.

Main project supervisor: Dr Martin Baumers

Environmental Impacts of Selective 
Laser Melting: do printer, powder,  
or power dominate?
In this research, the life cycle environmental impacts 
of AM technology variant Selective Laser Melting 
(SLM) are experimentally assessed to determine 
where most impacts arise: machine and supporting 
hardware, aluminium powder material used, or 
electricity used to print. Results show that energy 
consumed was the dominant impact per part for 
nearly all analysed scenarios. For AM technology 
users, the results suggest that maximizing capacity 
utilization can reduce impacts per part substantially. 
For AM technology developers, the results indicate 
that improvements in energy consumption could 
significantly reduce the environmental burden 
of SLM. The main output of this research is a 
collaborative research paper entitled “Environmental 
Impacts of Selective Laser Melting: Do Printer, 
Powder, Or Power Dominate?” by Faludi et al. (2016) 
published in the Journal of Industrial Ecology.

Visiting researcher: Jeremy Faludi, University of 
California in Berkeley, USA

Main project supervisor: Dr Martin Baumers

Deformation mechanisms  
in TPMS lattice structures    
The objective of this project was to investigate the 
deformation mechanisms in several triply periodic 
minimal surface (TPMS) lattice structures made 
by additive manufacturing.  Gyroid, Diamond and 
Primitive lattice specimens were fabricated by 
selective laser melting (SLS) before being assessed 
with a combination of uniaxial compression tests 
and finite element calculations.  The study yielded 
new and interesting results which will shortly be 
submitted for journal publication. 

Visiting researcher: Logan Sturm, PhD student at 
Virginia Polytechnic Institute, USA.

Funding for visit: National Science Foundation

Main project supervisor: Prof Chris Tuck

PhD student Paola Alberte 
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Enhancing our capability: 
The Advanced 
Manufacturing Building 
In the autumn of 2017 the CfAM will move their laboratory over to the 
new purpose build Advanced Manufacturing Building (AMB) on the 
University of Nottingham Jubilee Campus. The purpose built, state-
of-the-art facility costing £25M will co-locate the Centre for Additive 
Manufacturing, the Institute for Advanced Manufacturing and the 
Composites Research Group from the Faculty of Engineering into a 
world class environment for research and teaching.  

Commissioned under the current swathe of capital 
investment projects at the University of Nottingham, 
the AMB will serve as a flagship manufacturing 
centre of excellence, providing an all-in-one hub 
for the allied research groups currently within 
the Faculty of Engineering. The capital project 
is supported by £5M of funding from the D2N2 
regional development fund. An additional £1M from 
The Wolfson Foundation was secured by the CfAM 
research group, in conjunction with the School 
of Pharmacy at the University of Nottingham,  to 
support a new clean room facility. This new facility 
will enhance the ability for the CfAM to deliver high 
class research outputs for current projects across 
the extensive pharmaceutical and electronics AM 
research strands that it undertakes. Additionally the 
clean room facility provides yet further opportunity 
for the future development of the CfAM’s extensive 
research portfolio for renewed ventures with 
industrial and academic partners.      
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To address the growing 
demand for technical and 
consultancy services in 
Additive Manufacturing, the 
academic team at the CfAM 
created the official spin-out 
company, Added Scientific Ltd. 
With a focus on technical services to businesses 
interested in exploring the potential of Additive 
Manufacturing, or implementing it into the work 
streams and products, Added Scientific offers 
services to business in four distinct fields to its 
customers:

• Design and design tools for next generation 
products: Added Scientific will provide expertise 
in developing new design and optimization 
methods specifically for Additive Manufacturing 
and also in the effective use of commercial 
design software to maximise the potential of AM 
so that businesses attain maximum benefit.

• Materials development and characterization: 
Added Scientific will provide expertise in the 
processing of a wide range of materials, from 
high performance alloys for the aerospace 
industry, specialist polymeric materials specific to 
particular processing technologies and biological 
/ pharmaceutical materials and excipients. 
Added Scientific can help develop and evaluate 
new materials that are optimised for specific 
AM processes and their end-use applications.

• Developing existing Additive Manufacturing 
equipment or bespoke system configurations: 
Added Scientific will provide expertise in 
optimizing established processes, such as Laser 
Sintering, for specific materials and applications 
and in developing novel processes, such as multi-
material and multi-functional ink jet printing.

• Facilitating understanding and training: Added 
Scientific provides technical reports and state 
of the art reviews for industry and government 
to enable long term strategic planning and 
technical roadmapping, coupled with performing 
comprehensive business analysis and developing 
the skills and working practises required.

The success of Added Scientific has resulted in the 
appointment of 5 full time staff including a general 
manager, business development executive, project 
engineers and an administrator. Recent awards 
from Regional Development Funds have expedited 
the progression of business growth and enabled 
the company to invest in vital equipment to set 
up an independent operation in a new premises 
located on the Nottingham Science Park.

Find out more at www.addedscientific.com

Addressing the  
needs of industry: 
Added Scientific Ltd
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If you require this publication in an 
alternative format, please contact us. 

t: +44 (0)115 951 4591 
e: alternativeformats@nottingham.ac.uk
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