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The Hub is led by the University of Nottingham 

researchers from the UK academic community. 

Leadership Forum. Funding has been released to 
new partners though open calls for short feasibility 

through longer-term (up to 3 years) Core Projects. 
The Hub has funded 10 Feasibility Studies and 3 

to initiate up to 2 more Core Projects in Year 2. 

Members of the Hub have also been successful in 

EPSRC grants worth in excess of £3.3 million 

a £1.2 million EPSRC Strategic Equipment grant 
to characterise large composite structures at the 

composite structures at the University of Bristol.

rooted within the Advanced Manufacturing 

and a purpose-built composites manufacturing 
laboratory focusing on automated processing. 
The Hub has employed two business development 

research income to encourage further development 

appointment of two Innovation Fellows via an open 

research career. This approach proved successful 

went on to secure a permanent academic position.

We continue to support the management and 
governance of the Industrial Doctorate Centre 

training the next generation of composite engineers 
through industry based research projects. Nine 

students from the 2013 cohort graduating to go on 
to full-time employment within the composites 
sector. Three new industrial partners also joined 

development of these young research engineers 
and equip them with the necessary technical 

A number of Hub outreach activities have been 

of Hub research and international engagement. We 

industry representatives and leading international 
academics. We exhibited at the Advanced 

in the Composites Engineering Open Forum. The 
Hub was also extremely well represented at the 21st 
International Conference on Composite Materials 

papers and 2 plenary sessions presented by Hub 

opportunities for collaboration. Upcoming events to 

— the largest composites trade show in Europe with 

Conference on Manufacturing of Advanced 

in association with the Hub and hosted at the 
Advanced Manufacturing Building in Nottingham.

for their continued support and sponsorship. We 

and welcoming any new academic or industrial 
partners to help meet the needs and challenges 
faced by the UK composites manufacturing industry.
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A national centre of excellence in fundamental research for 
composites manufacturing.”

10 UK 
Academic 
Members

23 
International 

Academic 
Institutions

120 EngD/
PhD Students 

Trained

30 Researchers

4 High Value 
Manufacturing 

Catapults

18 Industrial 
Partners

HUB

“

The EPSRC Future Composites 
Manufacturing Research Hub was 
launched in January 2017 and is a 
£10.3m investment to expand the 

delivering a step change in the 
production of polymer matrix 

generation of composite engineers.

manufacturing R&D strategy with a total portfolio of 

Manufacturing Catapults and 18 sector-leading 
industrial partners.

The Hub is one of eight Future Manufacturing 

manufacturing industries respond to future 

prosperous UK by supporting the commercialisation 
of early stage research opportunities in emerging 
areas. 

Hub Vision
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The Hub is focused on addressing two over-arching 

1. Enhance process robustness via understanding 
of process science 

2. Develop high rate processing technologies for 
high quality structures

of industry partners and the broader composites 

1. High-rate deposition and rapid processing 
technologies

2. Design for manufacture via validated simulation

3.  Manufacturing for multifunctional composites 
and integrated structures

4.  Inspection and in-process evaluation

5.  Recycling and re-use

Research

Promote a step-change in composites manufacturing science and 
technologies�

Technology

Create a pipeline of next-generation technologies addressing future 
industrial needs and developing the national composites strategy�

Training

Train the next generation of composites manufacturing engineers�

Partnerships

Build & grow the national & international communities in design & 
manufacture of high-performance composites�

Hub Objectives
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Management Group

Strategic 
Development 

Committee

Knowledge 
Exchange 

Committee

Industrial 
Doctorate

Centre

Researcher 
Network

International 
Researcher 

Network

Postgraduate 
Development 

Committee

Advisory Board Composites 
Leadership Forum

Hub Governance
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The Management Group is chaired by the Hub 
Director and coordinates the programme of research 

The Advisory Board comprises independent academic 

provide guidance to maximise the quality and impact 
of research. 

The Strategic Development Committee is focused 
on identifying potential research partners and 
coordinating access to external funding sources. 
The committee comprises industrialists and 
representatives from funding bodies. 

The Knowledge Exchange Committee formally 

and is the principal route for promoting follow-on 

The Postgraduate Development Committee oversees 
the training and progression of research students 

international student exchange scheme through the 

The Industrial Doctorate Centre delivers specialist 

in Composites Manufacture for researchers who 

The Researcher Network is led by postdoctoral 

the cohort experience of postgraduate students.
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The Hub currently comprises ten leading research 

in the UK. The objective is to build and grow the 
national community in the design and manufacture 
of high performance composites. The Hub is led by 
the University of Nottingham and the University 

of Southampton. The Hub expands its national 

calls. Three new academic partners joined the 

in January 2018.

Academic Partners

Hub Partners
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for delivering the pipeline of next generation 
technologies. The 2016 UK Composites Strategy 
highlighted the requirements for push/pull 

to the forecast 160% tp potential 700% growth of 

to this strategy is the creation of the  Hub in order 

can be developed through the Technology Readiness 
Levels (TRLs) and exploited by UK industry. The 

whom were consulted during the development of 
the Hub. Key industrial partners involved in creating 

Hexcel believes that the initial Hub feasibility studies 
provide critical elements that will support the UK composites 
manufacturing industry.  It is evident that the Hub has 

supporting future projects. 
Chris Harrington, Research & Technology Manager, Hexcel Composites Ltd.

“
Industrial Partners

”
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 � RWTH Aachen University
 � Technische Universität Dresden
 � École Centrale de Nantes
 � Swiss Federal Institute of Technology, 
Lausanne (EPFL)

 � Fraunhofer ICT, Fraunhofer-
Gesellschaft

 � Université Fédérale Toulouse Midi-
Pyrénées

 �
 � KU Leuven
 � LCC Munich
 � INEGI, Universidade do Porto
 � Universität Stuttgart
 � Universiteit Twente

 � The University of British Columbia
 � Concordia University
 � University of Delaware
 � Michigan State University
 � Purdue University
 � McGill University

 � The University of Auckland
 � University of Southern Queensland
 � University of Nottingham Ningbo 
China

 � University of Nottingham Malaysia 
Campus

 � Institute for Technological Research 
(IPT)

International Partners
As part of the Hub’s commitment to train 120 
postgraduates and 30 postdoctoral researchers 

programme has been founded for all researchers 
funded through the Hub. Twenty three leading 
international institutions across twelve countries 

will help to ensure that technologies and highly 

future.

 ␣ 23 leading institutions across 11 countries

 ␣

 ␣ Facilitate visits and exchange of people

 ␣ Establish informal or formal partnerships in 
research programmes
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Professor Andy Long
Hub Director

around £28million. Andy represents the academic community on the UK Composites 

Professor Kevin Potter
Deputy Director and Chair of the Knowledge Exchange Committee

Professor Kevin Potter is Deputy Director of the Hub and Chair of the Knowledge Exchange 
Committee. Kevin is NCC Professor of Composites Manufacturing at the University of 
Bristol and has over 40 years of research experience in advanced composites manufacturing 

of Bristol liaison and the Deputy Director of the Industrial Doctorate Centre.

Dr Tom Turner
Deputy Director and Chair of the Strategic Development Committee

Dr Tom Turner is Deputy Director of the Hub and Chair of the Strategic Development 
Committee. Tom is an Associate Professor at the University of Nottingham where he 

as 5 large industrially funded programmes. He has wide-ranging understanding of all 

Leadership Team

Key People
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Professor Ivana Partridge
Director of the Industrial Doctoral Centre

Professor Ivana Partridge directs the £7M multi-partner EPSRC Centre for Doctoral 
Training in Composites Manufacture. She is Professor in Composites Processing 
within the Advanced Composites Centre for Innovation & Science (ACCIS) group at the 
University of Bristol. Ivana’s research expertise includes thermoset resin and composite 

Dr Lee Harper
Hub Manager

Dr Lee Harper is the Hub Manager and Principal Research Fellow at the University of 

reinforced polymer composites. His principal research interests focus on developing and 
modelling automated manufacturing processes for the automotive industry. He currently 

Andrew Mills

manufacturing of lightweight composite structures in close partnership with industry. 

which investigated novel materials and process technology for large composite wing 

the Airbus A380.

Dr Mike Johnson
Chair of the Postgraduate Development Committee

Professor in Engineering Design and Polymer Composites at the University of Nottingham. 
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Professor Mike Hinton
High Value Manufacturing Catapult

Chair of the Advisory Board

Dr Warren Hepples
Luxfer Gas Cylinders

Deputy Chair of the Advisory Board

Tim Wybrow
Solvay

Industrial Representative

Dr Enrique Garcia
National Composites Centre

Industrial Representative

Brett Hemingway
BAE Systems

Industrial Representative

Andy Smith
Gordon Murray Design

Industrial Representative

Dr Rob Backhouse
Rolls-Royce

Industrial Representative

Professor Veronique Michaud
École Polytechnique Fédérale de 
Lausanne

Professor Remko Akkerman
University of Twente

Dame Professor Jane Jiang Professor Ian Kinloch
University of Manchester

Lien Ngo
Innovate UK

Funding Body

Neil Walker Dr Tracy Hanlon 
EPSRC

Funding Body

Advisory Board
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Investigators

Professor Conchur O’Bradaigh
University of Edinburgh

Professor Janice Barton
University of Southampton

Professor Emile Greenhalgh
Imperial College London

Dr Eric Kim
University of Bristol

Dr Dmitry Ivanov
University of Bristol

Professor Vasileios Koutsos
University of Edinburgh

Dr Philip Harrison
University of Glasgow

Dr Andreas Endruweit
University of Nottingham

Dr Chris Dodds
University of Nottingham

Dr James Kratz
University of Bristol

Dr Mihalis Kazilas
Brunel University London

Dr Marco Iglesias
University of Nottingham

Professor Derek Irvine
University of Nottingham

Dr Andrew Parsons
University of Nottingham
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Professor Prasad Potluri
University of Manchester

Professor Paul Robinson
Imperial College London

Imperial College London

Professor Ian Sinclair
University of Southampton

Professor Ole Thomsen
University of Southampton

Professor Nick Warrior
University of Nottingham

Dr Carwyn Ward
University of Bristol

Dr Dipa Roy
University of Edinburgh

University of Cambridge

Dr Alex Skordos

Professor Michael Tretyakov
University of Nottingham
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Dr Daniel Bull
University of Southampton

Dr Lawrence Cook

Dr Aurèle Bras

Dr Kaan Bilge
Imperial College London

Dr Anthony Evans
University of Nottingham

Dr Michael Elkington
University of Bristol

Dr Shuai Chen
University of Nottingham

Dr Vivek Koncherry
University of Manchester

Dr Jonathan Belnoue
University of Bristol

Dr Ian Gent
University of Bristol

Dr Alex Ilchev
University of Nottingham

Dr Dimitrios Mamalis
University of Edinburgh

Dr Mikhail Matveev
University of Nottingham

Researchers

Dr Daniel Richards
University of Glasgow

Dr Ric (Xiaochuan) Sun
University of Bristol

Dr Euan McGookin
University of Glasgow

Dr Oliver McGregor
University of Nottingham

Dr Daniel Mulvihill
University of Glasgow

Dr Shankhachur Roy
University of Manchester

Dr Jin Zhou
University of Cambridge
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EngD Students

Name Institution Sponsor

Harry Barnard University of Bristol Elmar

Ashley Barnes University of Bristol Rolls-Royce

Nikita Budwal University of Bristol Albany

Pete Calvert University of Bristol Rolls-Royce

Harry Clegg University of Bristol National Composites Centre

Alex Cochrane University of Bristol Rolls-Royce

Sarvesh Dhiman University of Manchester M Wright & Sons

Mattia Di Francesco University of Bristol National Composites Centre

Matt Etchells University of Nottingham National Composites Centre

Nikita Gandhi University of Bristol National Composites Centre

Vincent Gill University of Bristol Rolls-Royce

University of Bristol National Physical Laboratory

Robbie Herring University of Bristol National Composites Centre

Dimitris Karanatsis University of Nottingham Hexcel

Jakub Kucera University of Bristol National Composites Centre

Edward Lewis University of Nottingham Pentaxia

Jack Lindley-Start University of Bristol Rolls-Royce

Josh Loughton University of Bristol National Composites Centre

University of Nottingham Jaguar Land Rover

Preetum Mistry University of Nottingham Bombardier

Lewis Munshi University of Bristol National Composites Centre

Maria Onoufriou University of Bristol Rolls-Royce

Caterina Palange University of Bristol Fiberlean

Oli Parks University of Bristol Aviation Enterprises Ltd

Laura Pickard University of Bristol National Composites Centre

Laxman Sivanathan University of Bristol Jo Bird

Owen Taylor University of Bristol National Composites Centre

Laura Veldenz University of Bristol National Composites Centre

Gabriele Voto Hexcel

Simon Wilkinson University of Bristol National Composites Centre

Petar Zivkovic University of Bristol Rolls-Royce
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Name

Matthew Bower Advanced Manufacturing Research Centre

Iain Campbell University of Glasgow

Matthew Collinson Advanced Manufacturing Research Centre

Rob Iredale University of Bristol

Irene Jiménez-Fortunato University of Southampton

Caroline O'Keefe University of Bristol

Bethany Russell University of Bristol

University of Nottingham

Alice Snape Advanced Manufacturing Research Centre

Konstantinos Tifkitsis

Maria Valkova Imperial College London

Verner Viisainen University of Cambridge

Jibran Yousafzai University of Bristol

Name Position Institution

Dr Holly Ranger Hub Administrator University of Nottingham

Dr Richard Gravelle Hub Business Development Manager University of Nottingham

Julie Grady Hub Business Development Manager NCC / University of Bristol

Jo Brooks IDC Centre Manager University of Bristol

Maria Aviles IDC Administrator University of Bristol

PhD Students
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Core Projects deliver fundamental research based on 

typically employ two postdoctoral researchers and 
four PhD students. The Hub provides funding for up 

to support the project by sponsoring postgraduate 

contributions. Three Core Projects were launched 
at the start of the Hub in 2017 and are based on 
previous successful research funded through the 
CIMComp Centre. The Hub expects to support eight 
Core Projects over the life of the Hub.

Core Projects

NEW MANUFACTURING TECHNIQUES FOR OPTIMISED 
FIBRE ARCHITECTURES

preform optimisation (Manchester, Nottingham)

MANUFACTURING FOR STRUCTURAL APPLICATIONS 
OF MULTIFUNCTIONAL COMPOSITES

manufacturing processes for multifunctional 
composite structures (Imperial, Bristol)

TECHNOLOGIES FRAMEWORK FOR AUTOMATED DRY 
FIBRE PLACEMENT (ADFP)

Establishing novel material delivery systems for 
(Bristol, 

Nottingham)

Project Summaries
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␣ ␣ ␣

Optimised Fibre Architectures

Theme: Design for Manufacture via Validated Simulation

“

Aims and objectives

over other composites such as those based on unidirectional prepreg, including automated manufacture 
for complex geometries, ability to integrate geometric features (e.g. T and I sections), and delamination 

.

machinery rather than technology developed 

discover new 3D textile preform architectures. 
Computational modelling or “virtual testing” will 

the best solution for a particular application. This 

that can be produced using existing manufacturing 
technologies such as weaving or braiding. 
Optimum textile preforms will be realised either 

through routine use of automated manufacturing 

achieved by relaxing constraints on binder path and 

to identify and manufacture a number of classes of 
improved material forms.

The project aims to establish a computational 

limited to existing manufacturing technologies. The 

Figure 1: 3D woven textile

”

Core Project
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␣ ␣ ␣

series of case studies to identify classes of materials 
with improved properties. New manufacturing 
technologies will be developed for these materials 
and used to validate the predicted properties.

Progress to date

realistic models of complex textile reinforcements. 

of these geometries for subsequent prediction of 
mechanical and processing properties presents 
a problem. A novel meshing approach has been 

to construct nearly-conformal meshes which are 

textile composites. The implemented meshing 
technique enables modelling of more complex 
reinforcements in an automatic way. Alongside 
this an analytical approach based on orientation 
averaging has been developed to provide fast 
predictions for composite elastic properties. As 
demonstrated through initial optimisation trials 

problems based only on elastic performance. 

In order to deliver step-change manufacturing 

weaving technology – inability to place tows at an 

axial 3D woven fabric has been developed using a 

axis tows without the need for complex rotating 
creel systems found in the literature. The next stage 
of development will create a multi-axial 3D woven 
architecture comparable to conventional Jacquard 
woven 3D weaves in terms of tow densities and 

a multiaxial 3D woven architectures in seamless 
tubular form as an improvement over multi-layer 
2D braiding or roll-wrapping techniques.

element meshes of complex textile geometries.

An iso-strain approach based on orientation 

elastic properties for the candidate materials.

Project partnerships to date

Advanced Manufacturing Research Centre (AMRC).

Figure 2: The Octree Mesh Method is used to plot and generate 

at high speed complex 3D solid objects

Core Project
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␣ ␣ ␣

Manufacturing for Structural Applications 
of Multifunctional Composites

Theme: Manufacturing for Multifunctional Composites and Integrated Structures

“
”

Aims and objectives

The over-arching aim of the project is to investigate and address the design and manufacturing issues 

electrical conduction. 

composites and local integration of functionalised 
patches. The locality within matrix is achieved 
through liquid resin printing enabling integration of 

plane of the structure. 

with the creation of structural power materials 

mechanical loads. Such multifunctional materials 

have the potential to provide a step change in weight 
and volume driven designs. 

The research to date has focussed on demonstration 

challenges associated with this novel class of 

issues associated with structural power materials 
are being addressed. Such research is vital to 

and is of general relevance to a wide range of 
potential multifunctional composite systems which 

Progress to date

carried out using standard reinforcing thread types. 
Early trials using metallic wires and threads to co-

The limits of achievable braiding patterns are being 

Promising stable multi-material braids have resulted 

addressing a current industrial problem by 

collaboration between Bristol and the NCC ensures 
that such early braided products can be tested for 

braiding patterns.

on precursor infusion and pyrolysis have been 

with the binder for the spread-tow has caused some 

to further enhance the electrical performance. In 

Core Project
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␣ ␣ ␣

Figure 2: University of Bristol’s microbraider

the best separator materials. 

device design and modelling of mechanical 
performance. Finite element models (Abaqus) 
are being developed to predict the compaction 

microstructure and hence the performance of the 
devices.

Project partnerships to date

Figure 1: Carbon Aerogel (CAG) is infused into the interior of the tows in multimaterial structural supercapacitors

Core Project

29cimcomp.ac.uk 



␣ ␣ ␣

Technologies Framework for Automated 
Dry Fibre Placement (ADFP)

Theme: High-rate Deposition and Rapid Processing Technologies

“
”

Aims and objectives:

Automated Fibre Placement (AFP) technology has been adopted within the aerospace industry for the 

repeatability through automation result in a desirable process for high quality high volume manufacture. 

times. Traditionally, AFP uses thermoset or thermoplastic prepreg slit tapes, using the tack of the 

further increases initial equipment cost and operation cost as well as cycle times in comparison to liquid 

particular interest with the aim of reducing cost and cycle times whilst maintaining the high quality and 

The overall aims are to understand the rate and 

develop models to increase understanding of the 
critical factors. The project consists of several 

deposition apparatus whilst developing lab scale 
equipment to demonstrate these. 2) The material 

fuzzing during deposition. 3) The deposition process 

systems as well as the studying the compaction and 
topology to predict behaviour of single tows or ply 

rate and quality of the preforms.

Progress to date

available (or available in developmental quantities) 
that are processable using the Coriolis AFP 
machine at the National Composites Centre using 
laser heating to activate the binders. The material 

majority of products being towpregs.

Core Project
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␣ ␣ ␣

These materials have been assessed against a set of 

 ␣ strength of bonding to tool substrates and 
previously laid down plies

 ␣ minimum steering radius

 ␣

 ␣ volume fraction as laid and under pressure

 ␣ in and out of plane permeability with and without 
deliberately induced course to course gaps

 ␣

machine downtime)

seen from the use of current commercially available 

tapes

None of the materials tested to date have an ideal 

this project. Alternative approaches to conventional 

prepregged reinforcements from relatively low cost 
reinforcement forms.

Project partnerships to date

Core Project

Figure 4: A DFAFP steering trial shows defects generated by 

steering at too tight a radius (Laura Veldenz, NCC)

to a complex geometry, also demonstrating the exploitation of 

low cost visualisation tools

Figure 2: A researcher adjusts the wide tape continuous tow 

steering (CTS) machine head

Figure 3: Output from a laser line scanner depicting the surface 

Veldenz, NCC)
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32 CIMComp Annual Report 2017



Feasibility Studies are the primary mechanism 
through which new academic partners can gain 

(up to 6 months) to address a fundamental step-
change in composites manufacturing technology 

priorities. Proposals can address the development of 

to develop a fundamental understanding of state-

modelling and optimisation techniques. Access to 
further Hub funding can be released if feasibility 

Feasibility Study into a three-year Core Project.

Following two calls for proposals in May and 

reviewed by at least 3 independent reviewers from 

with further research funding available through a 
planned third call for proposals in Year 4.

Feasibility Studies

(University of Nottingham)

(University of Edinburgh)

(University of Nottingham)

(University of Nottingham)

(University of Southampton)

(University of Cambridge)

(University of Glasgow)

(Brunel University London)

33cimcomp.ac.uk 



␣ ␣ ␣

Figure 2: Thermoplastic Matrix 

CFC Tube with Swaged Joining to 

Aluminium End Fittings

Figure 1: Composite tube

CFC/Metallic Framework Structures 
Manufacture

Theme: High-rate Deposition and Rapid Processing Technologies

“

”
Aims and objectives

The project investigated novel design and manufacturing techniques, which show the potential for 

reinforced polyamide matrix laminate or tubing and metallic joints. Novel joining techniques have been 
developed to provide connection by interlocking so as to eliminate mechanical fasteners and adhesive 

in terms of frame section and joining piece manufacture and frame and joint attachment technique, and 
to propose framework designs based on the proposed approach for structural applications.

Progress to date

Many concepts for thermoplastic matrix and 

suitable for high rate manufacturing have been 
proposed. These utilise combinations of pultruded 
tubular sections and folded thermoplastic 
‘organosheets’. The tubular parts are proposed to 
be joined using low cost metallic connectors. The 
concepts do not therefore require dedicated mould 
tooling for shaping the parts. 

most potential for structural application and further 

a. Metallic joint wrapping

b. Composite tube swaging

c. 

Feasibility Study
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␣ ␣ ␣

Figure 3: Topological Structural 

Optimisation of a Mid-engine Sports 

car Showing Strain Distribution after 

Application of Crash Loading

Figure 4: The Tube Crimping 

Concept

Project partnerships to date

Impact

manufacturing understanding have been used in a 

structure. These have been built into the project 
demonstrator for a £7M AMSCI collaborative project 

composite platform for a medium volume car in 
conjunction with Nissan UK and Bentley Motors.

A KTP was launched in July 2016 with the project 
partner bigHead fasteners to translate the project-
developed technology into new types of composite 

The project results are also being utilised with 
the CIMComp project team involvement in a BAE 

aircraft primary structure joints.

Use in both Master’s courses and an industry focused 
short course in composites manufacturing.

project’s industrial partners bigHead. BigHead will 
be developing new fastener types and application 
techniques initially investigated during the project. 

turbine generators.

Feasibility Study
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␣ ␣ ␣

Novel Strain-based NDE for Online 
Inspection and Prognostics of Composite 
Sub-structures with Manufacturing 
Induced Defects

 Theme: Inspection and In-process Evaluation

“

Aims and objectives

To save time and reduce wastage it is essential that an inspection technology is developed that can be 

capability (beyond simply sizing defects) to further inform the decision process of ‘accept’, ‘rework’, 
‘repair’ or ‘scrap’. To this end a novel inspection procedure for cured composite components needed to 
be developed, and the overarching aim of the project is a system deployed alongside current inspection 
approaches in the production environment. This procedure has the ability to simultaneously measure 
the strain and a stress measure in the vicinity of a manufacturing defect or intrinsic subsurface artefact 

evolve under service load.

 ␣

and to demonstrate the viability of the 
experimental methodology based on combining 
thermoelastic stress analysis (TSA) and digital 
image correlation (DIC) and collecting data 
simultaneously.

 ␣ Demonstrate that the data necessary for the 
model based prognosis system could be obtained 
by demonstrating the viability of the approach at 
a sub-structural level.

The feasibility study is completed. It has been 
fully demonstrated that DIC and TSA can be used 
simultaneously to collect data from composite 
components. The approach has been demonstrated 

The approach has also been demonstrated on 
materials typical of those used in high volume 

discontinuous compression moulded preforms. 

the mechanical response and that the combination 
of DIC and TSA for assessment of the material 
shows great promise. In particular it is possible to 

that the manufacturing control process could be 
directly informed/updated using the technique. It 
has also been demonstrated that the technique can 
be protable (i.e. no need for a test machine to load 

at its resonant frequency. 

The PhD study is focusing on developing a low cost 

routines that will address the challenges.

was in collecting the data simultaneously. This 

”

Feasibility Study
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␣ ␣ ␣

Although the technique was developed at University 

deploying this on a realistic component.

The strain measurements from the DIC and the 

Initial demonstration of vibration based technique 
on panels.

Impact

The technology developed in the feasibility study 
is new and the next steps will provide practical 
demonstrators based on a realistic high volume 
manufactured and high value manufactured 
components loaded either naturally or by excitation 
at their resonant frequency. Now feasibility has 

focus on manufacturing of composite components 
both high value and high volume will be established 

into a Core Project.

Feasibility Study

Figure 2: In-situ manufacturing inspection of parts based on 

vibration based loading
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␣ ␣ ␣

Can a Composite Forming Limit Diagram 
be Constructed?

Theme: Design for Manufacture via Validated Simulation

“
”

Aims and objectives

This feasibility study on composite forming, explores wrinkling issues during draping of non-crimp fabric 
(NCF) and the possibility of constructing a composite forming limit diagram. The timeliness of the project 
arises from the urgent need from a wide range of industries to improve their simulation capability for 
pre-forming of dry fabric and pre-preg. Wrinkling during draping of non-crimp fabric will be measured 

element analysis in conjunction with the University of Nottingham. The current research will provide 
clear guidelines for assessing wrinkle formation. The proposed work complements existing activity 

modelling of deformation and wrinkling.

The aim of the project is to demonstrate the 
feasibility of developing a forming limit diagram for 

and yarn sliding. 

1. 
in woven and NCF fabrics to develop a preliminary 

2. 

3. Examine the feasibility of using a range 

interpolate and extrapolate the FLD from a 

4. Use the results to inform a full-scale proposal 
which will develop the concept of FLDs to 
include a wider range of materials and forming 
situations.

Progress to date

1. A preliminary literature review has been 

forming.

2. Preliminary tests have used DIC to measure 
strains during draping of non-crimp fabric.

3. Finite element modelling has been used to 

Abaqus/Explicit.

Project partnerships to date

partners will include better understanding of the 

opportunity for application of these materials 

and forming situations.

simulation

Feasibility Study
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␣ ␣ ␣

Figure 2: Digital image correlation system for 

Feasibility Study
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␣ ␣ ␣

Aims and objectives

This feasibility study aims to improve the thermoforming of multi-layered pre-consolidated thermoplastic 

implement a controllable multi-actuator press and use it to investigate the forming mechanics of the 
hybrid sheet at high temperatures. The aim is to use the metal to heat the layup from the inside via 
Joule heating, melt the metal and then use the molten metal as a low viscosity lubricating medium to 
eliminate forming defects. The multi-actuator press will squeeze out the molten metal during forming 
(like toothpaste from a tube), aided by the metals high surface tension. The aim will be to reduce wrinkling 

Progress to date

Conducted initial experiments on moulding of 
metallic sheets.

Project partnerships to date

Institute of Science and Innovation in Mechanical 

Figure 1

of a twill-weave, with a pronounced 

simulation.

Multi-step Thermoforming of Multi-Cavity 
Multi-axial Advanced Thermoplastic 
Composite Parts

Themes: High-rate deposition and rapid processing technologies & Design for 
manufacture via validated simulation

“

”

Feasibility Study
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␣ ␣ ␣

Mihalis Kazilas

Aims and objectives

The M-Cable project will use slotted coaxial cables to facilitate microwave (MW) heating in tooling for 
composites manufacturing. The concept enables delivery of MW heating to many processing environments 
such as autoclave, infusion, RTM and pultrusion. The energy used for processing can be adjusted according 

using instantaneous volumetric MW heating.

The overall aim of the project is to test the feasibility 
of uniform MW heating of composites during 
manufacturing by using a number of slotted coaxial 
cables embedded in tools. The following objectives 

1. Simulate the energy output of the slotted coaxial 
cables and the absorbance of this energy by carbon 

2. Produce tools with embedded slotted coaxial 

3. Manufacture composite laminates using the new 

4. 
and 

5. 
to conventional heating methods.

Microwave Heating Through Embedded 
Slotted Coaxial Cables for Composites 
Manufacturing

 Theme: High-rate deposition and rapid processing technologies

”

“

Feasibility Study

Figure 1 Location of slotted cables that provide microwave 

heating in composite blades

Figure 2 The M-Cable concept: 

embedded slotted coaxial cables 

heating in tooling
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Layer by Layer Curing
Theme: High-rate deposition and rapid processing technologies

“ ”
Aims and objectives

The project aim is to establish the capability of producing composites by processing in a single layer by 
layer (LbL) step. The main objectives are:

 ␣

 ␣ Evaluation of interlaminar properties at interfaces produced using partially cured sub-laminates.

 ␣

 ␣ Implementation and demonstration of the whole layer variant of the process.

 ␣ Assessment of product quality to validate the development.

Progress to date

 ␣ Adaptation of 1D consolidation and 1D heat 
transfer models.

 ␣ Development of model coupling strategy.

 ␣ Consolidation characterisation.

 ␣ Thermo-analytical characterisation.

 ␣ Selection of cure cycles for partially cure 
delamination specimens.

 ␣ Manufacturing of specimens with partially cured 
interfaces.

 ␣

adaptations allowing coupling of heat transfer 
cure modelling with consolidation in 1D. The 

characterised and manufacturing process 
conditions for partially cured interfaces have 
bene established and applied.

Mathematical models of the layer by layer process 

the complex physics of consolidating the pre-

into the particular arrangement of the layer by layer 
process.

The necessary characterisation to inform the 

measurements of the pre-impregnated material 

properties of the material.

Project partnerships to date

Composites Centre (NCC).

process 

Feasibility Study
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␣ ␣ ␣

Aims and objectives

performance structures. The process aims to form a 3D curved panel with varying thickness from a 2D 

this process a simulation tool is crucial to predict the forming behaviour and to design and optimise this 
process. This optimisation route will not be feasible via experimentation as too many parameters exist 
to solve by trial-and-error. At present, there is no suitable FE model available to simulate the forming 
process for curved sandwich panels. The novelty here is in the extension of existing fabric forming 
modelling techniques and the incorporation of the forming of a complex core geometry. The primary 

conditions between the core and the composite skins during forming.

Simulation of Forming 3D Curved 
Sandwich Panels

Themes: High-rate deposition and rapid processing technologies & Design for manu-
facture via validated simulation

“
”

Experimental tests are scheduled to collect the 
mechanical behaviour of the core material (that 
will be prepared as the inputs for FE simulations) 

including bending and local crushing (that will 
be used to validate the core model). Experimental 
forming studies are planned to validate the complete 
FE composite sandwich model. The developed model 
and methodology will be applied in a forming 

study is to summarise general guidelines for 
industrial applications. 

The aim of this feasibility study is to develop a 
numerical tool as an essential catalyst to accelerate 
this step change in composite manufacturing. The 
simulation tool will facilitate the improvement of 
the forming process and extend the opportunity 

to apply this low-cost technique in manufacturing 
complex parts in high volumes. FE simulation 

a set of compatible process parameters to ensure 
a successful manufacturing solution. It is able to 
comprehensively visualise the forming behaviour 

internal structure of the core. 

an explicit Finite Element (FE) model of the forming 
process of sandwich panels to understand the 
primary factors of producing a defect-free product 
and (2) to develop a feasible solution to manufacture 
high-quality curved sandwich parts. The developed 
FE model will be used to inform design choices and 
to drive future manufacturing process design and 
optimisation.

Feasibility Study

Figure 1: Schematic of the FE model Figure 2: Meso-scale Finite Element results of the forming 

process using literature material data
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Manufacturing Thermoplastic Fibre Metal 
Laminates by the In Situ Polymerisation 
Route

Themes: Manufacturing for multifunctional composites and integrated structures & 
Recycling and re-use

“

”
Aims and objectives

Recently, there has been a growing interest to combine composite layers and traditional metal alloys 

reinforced polymer composites. Thus, FMLs are promising lightweight materials for future application 
in various industries including transport, construction, renewable energy etc. However, the ultimate 

to a large extent by the interface formed between them.

The interfacial bonding between the metal sheets 

by their surface roughness and surface energy 

a critical step in the bonding process which controls 
the mechanical performance of the FMLs.

The aim of the project is to develop a new generation 

laminates using inexpensive resin infusion route. 

and recyclable/reusable.

This will allow manufacturing of hybrid laminates 
at a lower cost in industrial scale with enhanced 

industries. Representatives from the relevant 
industries have been contacted and meetings will be 

1. To prepare the surface of the metal alloy sheets 
with suitable chemical or physical (atmospheric 
plasma) treatments to achieve an acceptable level 
of interfacial bonding with the composite layer.

2. To manufacture FMLs using vacuum assisted 
resin infusion route.

3. To investigate the properties of the FMLs in 
comparison to an equivalent reference laminate 
with no metal interlayer.

and physical (atmospheric plasma) surface 
treatment methods were evaluated. Trial FMLs were 
manufactured with the treated metal layers. The 

downselect the optimum treatment processes for 
the next step of FML manufacturing.

laminates: surface treatment of the metal alloy sheets with 

atmospheric plasma

Feasibility Study
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␣ ␣ ␣

manufactured with infusible thermoplastic liquid 

an organic coating (epoxy acrylate) was applied at 
the interface of the surface treated metal and the 
composite layer to promote bonding through in-situ 
polymerisation with the matrix resin.

The overall objective of the project is to develop 

will be thermoformable and recyclable with 
enhanced mechanical properties.

Progress to date

 ␣ Al alloy sheets (6082-T6) were prepared for 

hole mapping for resin infusion process.

 ␣ Surface treatments were done with chemicals i.e. 

chemical solutions on the Al alloy surface were 
studied.

 ␣

also done using atmospheric plasma with varying 

scan speed and number of scans.

 ␣ Chemically and plasma treated Al alloy sheets 

 ␣ FMLs were manufactured by vacuum 

alloy sheets.

 ␣ Mechanical characterisation of the fabricated 
FMLs such as short beam shear test (interlaminar 

test) were performed.

 ␣  The interfacial bond strengths between the Al 
alloy sheets and the thermoplastic composite 
layers with the use of two types of epoxy acrylate 
coatings were tested qualitatively.

 ␣  Down-selection of the optimum chemical 
treatments and atmospheric plasma treatment 
conditions for Al alloy sheets

 ␣

wetted FMLs with liquid thermoplastic resin

 ␣  Successful coupon extraction from the laminates 
for testing without any debonding at the 
thermoplastic composite-metal interface

 ␣  Mechanical characterisations

 ○␣ Flexure strength- Reference (no metal) 500 
MPa and FML-463 MPa

 ○␣ Flexural Modulus-Reference (no metal) 24 

 ␣  Bonding achieved between Al alloy sheets and 
thermoplastic composite layers through in-situ 

never been reported before

 ␣

route using Elium® thermoplastic liquid resin 

fatigue resistance and improved damage 
tolerance in comparison to the monolithic 
metallic alloys or composites. Such FMLs can 

 ␣

and the metal layers via surface treatment and an 
organic coating through in-situ polymerisation 

impact on the FRP industry.

Project partnerships to date

Feasibility Study
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Active Control of the RTM Process Under 
Uncertainty using Fast Algorithms

 Theme: Design for manufacture via validated simulation

“
”

Aims and objectives

Consistent and repeatable manufacturing is seen by the composite industry to be the key to achieving 
repeatable mechanical properties of composite components. For the resin transfer moulding (RTM) 
process, repeatability is achieved not only by the absence of incomplete mouldings, but also by repeatable 

The possibility of a dry spot can prevent the 
RTM process from being used for high-value 

are often results of defects and variabilities in a dry 
preform. While the uncertainty in the RTM process 

impossible to employ existing predictive techniques 
for online monitoring and control. This project aims 
to improve the repeatability of the RTM process 
by developing novel algorithms which are fast 

minimum deviations from the design. The novelty 
of the project will include fast online estimation of 
the local permeability using a Bayesian inversion 
technique and hence more accurate process control. 

components will be developed.

The project will develop an active control system and 

RTM processing. This will be achieved through 
several steps starting with developing an algorithm 
for an online estimation of the permeability 
distribution using a Bayesian inversion. The 
estimated permeability will be used to predict the 

Progress to date

The project has already implemented an algorithm 
for Bayesian inversion for estimating permeability 
and this is currently being integrated with 
commercial resin infusion software.

Variance of the estimated permeabilityData from sensors Estimated permeability

Figure 1: Estimation of the local permeability will be performed using Bayesian inversion:

Feasibility Study
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Acceleration of Monomer Transfer 
Moulding using Microwaves

Theme: High-rate deposition and rapid processing technologies

“

Aims and objectives

The project will develop a manufacturing process that will facilitate and accelerate the production of 
thermoplastic composites through the use of microwave (volumetric) heating. 

successful infusion of thermoplastic resin into 

The main limitation of MTM is the time required for 

decrease the time required. The objective of this 
project is to demonstrate that a microwave heating 
process can successfully produce a composite 

production parameters and determine that the 
process is scalable. Initially a single thermoplastic 
(polycaprolactone) will be utilised for the tests as 
its microwave characteristics are well understood. 
The project will also assess the applicability of the 
method to other thermoplastics that are of interest 

project.

Project partnerships to date

Advanced Manufacturing Research Centre (AMRC).

”

Figure 1: The Vötsch 

microwave curing oven at 

AMRC measures 1.8m x 2.8m 

and provides heating at 450°C.

Feasibility Study
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Media

users per quarter via press releases disseminated 
to the wider commercial community. Press releases 
this year have announced the successful Feasibility 

the Advanced Engineering Show and strategic 

newsletter – a new initiative to reach industrial 

and activities. The newsletter currently has over 250 

the UK and nearly 20% of those outside Europe.   

Hub-related vacancies. These tweets are regularly 

reach across both expert and general audiences

Launch Event

to introduce current funded research and explain 
how the wider composites community can engage 
with the Hub. Half of the 135 registered delegates 

chain.

Andy Long opened the proceedings on 4th May with 

Centre (NCC) and member of the industrial Advisory 

“

”

Outreach
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the NCC will play in pulling through promising 

the Technology Readiness Levels in preparation 
for industrial adoption. Ivana Partridge discussed 
recent success stories from the Industrial Doctoral 
Training Centre in Composites Manufacturing 
and explained how the IDC will deliver the next 

these fundamental developments in composites 

has provided us with the perfect platform to 

excellence in fundamental research for composites 
manufacturing.”

Advanced 
Engineering Show 
2017
The Leadership Team attended the Advanced 

is the UK’s largest meeting place for advanced 

of composite engineering specialisms including 

Forum event where Hub investigators presented their 

Rolls Royce Plc gave an industry viewpoint on the 
Future Composites Manufacturing Research Hub.
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Training advanced industry-sponsored Research Engineers 
who aspire to key leadership positions in the UK composites 
industry.

“

 ␣

 ␣

 ␣

Nottingham

This year sees the graduation of the earliest IDC 

thesis completion. We have an increasingly dynamic 

Centre and Rolls-Royce. With the increased numbers 
and company locations spread between Aberdeen 

integration by the use of modern IT and social media. 
The Student Committee provides the student input 

STEM activities and organisation of social events. A 
highly successful cohort event in Bristol in October 
2017 included information on routes to Chartered 
Engineer status from practitioners as well as from 
an IoM3 representative.

Airbus into our supporting companies group in 
the near future. The applied research projects 
are designed to directly address the sponsor’s 
commercial research priorities. All IP generated is 

already bringing in new income. 

the Study Tour element of the compulsory training 
is coming into a clear focus. Under the inspired 

to meet two requirements for each Research 

his/her everyday in-company experience with a 

to put into practice some elements of the business 

programme. In the last two years this element 
of the training has seen our Research Engineers 

outcomes have been classed as ‘outstanding’ by our 
external examiner and we plan to share some of the 
reports in a more public forum.

”

Industrial Doctorate Centre 
in Composites Manufacture 
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As well as satisfying the requirements of the 

the IDC Research Engineers continue to attend 
conferences in the UK (e.g. SAMPE UK&Ireland 

to academic and industrial audiences. Financial 

Carnegie Fund and The Royal Society of Chemistry 

 ␣ conference paper at SAMPE US (Long Beach 2016) 
selected for direct publication (only 8 from 220) 

 ␣

 ␣ RAeS "Young lecturer competition" 2016 winner 

 ␣ runners-up in Industry Innovations awards 2016 
- Ms F. Martin in JLR/NCC team

 ␣ the Leslie Holliday 2016 award from the IoM3 to 

 ␣ WEAF "Aerospace Ambassador Young Entrant 
Award“ 2017 to M. di Francesco

 ␣

The EPSRC IDC in Composites Manufacture continues 
to play an integral and vibrant role within the wider 

basic research to industry application.
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Shaping the Future of UK Manufacturing

over to the new purpose build Advanced Manufacturing 
Building (AMB) on the Jubilee Campus. 

Manufacturing from the Faculty of Engineering in a world-
class environment for research and teaching. This new facility 
will be the home for the Future Composites Manufacturing 

the Hub to deliver high class research outputs from current 
projects and to further develop new ventures with industrial 
and academic partners.

Structural Testing
The University of Southampton have been awarded 
a £1.2M equipment grant from EPSRC to support 
the development of their National Infrastructure 

completed in October 2018. 

The centre will be a world-leading facility for 
conducting multi-scale materials and structures 
testing. “Structures 2025” (EP/R008787/1) will 
provide a novel integrated imaging and loading 

testing and assessment of a wide range of structures 
across industry sectors.

This will be developed in close collaboration 

several university partners. Structures 2025 will 

multi-scale computational modelling to provide 
better predictive models of structural failure and 

for online inspection and prognostics of structures 
with manufacturing defects’.

Enhancing our Capability
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Additional Leveraged Funding
 ␣

 ␣

 ␣

 ␣

 ␣

Composites by Integrating Manufacturing Knowledge and Design Intent. PI Carwyn Ward. Project 

 ␣

Fibre Placement Technology for Manufacturing Defect-free Complex 3D Composite Structures. PI Eric 
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Mapping the UK Composites Landscape
In conjunction with the ATI and Composites 

roadmap which will deliver greater understanding 
of aerospace OEM composite product development 
targets and aspirations. The roadmap will identify 
capabilities and gaps in the UK and international 

research landscape.

This will act as a catalyst for greater adoption of 
composites in the aerospace industry by enabling 
new consortia to be formed and promoting 

research landscape will allow academics to focus 
their research to meet the needs of the aerospace 
industry and enable funding bodies and policy 

Collectively these will contribute to the Hub’s 

capacity every two years for high value polymer 
composites by 2030.

Developing an International Community
As part of the Hub’s goal to expand our international 

mission is planned for Spring 2018 to the Republic of 

the global composites industry by enabling us to 
conduct capability mapping and strategic technology 

and technology around the world.

Maximising our Capabilities
As part of our ongoing commitment to address 
industry needs and develop the national composites 

facilities and equipment held by our partners and 
other active research institutions. This builds on 

access to equipment by Hub members. It will also 

provide a mechanism for composites researchers to 
recognise institutional competencies both within 

ideas for collaboration.

 
cimcompkit.nottingham.ac.uk

Strategic Development
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Publications support the delivery of the Hub programme and vision. This list illustrates 
both the continued success of the CIMComp Centre and the level of activity of the Hub in its 

articles, conference papers and poster presentations, and a patent application.

Journals

408-421.

460.

Analysts.

Publications

“

”
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145-157.
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Conference Papers

20-21 April 2017.

August 2017.

and Interlaminar Fracture Toughness of Aluminium/Fiberglass Thermoplastic Laminates Produced by In-

2017.
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March 2018.
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Patents

Prizes/Esteem Indicators
April 2016 – IoM3 Leslie Holliday Award to Professor Ivana Partridge.

USA.

August 2017 – Andy Long - Keynote Lecture on “Multi-scale modelling for processing and performance of 

September 2017 – Janice Dulieu-Barton and Ole Thomsen -  Invited Presentation ‘Towards a new paradigm 

Ireland.

November 2017 - Janice Dulieu-Barton and Ole Thomsen - Keynote Presentation ‘Towards a new paradigm 

in composites. 
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