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Overview of Hub, Spokes,
structure and organisation
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Hub Vision . @ o

® Develop a national centre of excellence in
fundamental research for composites
manufacturing

o °* Deliver research advances in cost
£8.9m reduction and production rate increase,
whilst improving quality and
sustainability.
Institutional

Commitments,
£3.7m
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Industrial Partners — 25
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Hub Objectives

N4

Research

A

Technology

o

Training

Partnerships
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Promote a step change in composites manufacturing science and
technologies

Create a pipeline of next generation technologies addressing future
industrial needs

Train the next generation of composites manufacturing engineers

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



Typical Manufacturing Challenges g @ o
W o

Precise fibre placement free from winkles High integrity matrix free from voids

b Sy : : ‘ » ~
.. O . P

e . S MSTi S E i

Royal Society Open Science, 2018 S
https://doi.org/10.1098/rs0s.180082 Journal of Composite Materia

ls 2019, Vol. 53(12) 1579-1669



Hub Grand Challenges L

Manufacturing Hc*.!-:n;:rt.h II |t'.

Two industry-inspired challenges to underpin the
growth potential of the UK Composites sector

°* Enhance process robustness via understanding of
process science

* Develop high rate processing technologies for high
quality structures



Operational Core

* Integrated with EP/L015102/1 EPSRC
Centre for Doctoral Training in
Composites Manufacture

® Advisory Board provides industrial
guidance

® Linked to Composites Leadership
Forum

B ciMcom
EPSRC

Future Composites
Manufacturing Research Hub

Management
Group
: Composites
Ag\g:::’ry Leadership
Forum

Strategic Knowledge Postgraduate

Development Exchange Development
Committee Committee Committee

International Researcher Industrial
Researcher Doctorate
Network
Network Centre



Overview of Hub Research




Hub Research Themes
@ crcony

Future Composites
Manufacturing Research Hub

Research Themes

High rate Design for Multifunctional Inspection and Recycling and

depositionand [ manufacture via i composites and IN-process re-use
evaluation

rapid validated integrated
processing simulation structures
technologies

® Research Themes define broad topics for the Hub programme

* Developed with input from CIMComp Advisory Board and wider community via
CIMComp Open Day (Jun 2015 >150 people)

®* Reconfirmed in 2019



Hub Research Portfolio 2017-2024 . @ o

EPSRC

® 29 investigator-led projects funded to date S
— 6 Core Projects
— 19 Feasibility Studies
— 4 Fellowships

® 35 investigators

® 28 PhD Research Students
® 39 EngD Research Students

® 22 Post Doctoral Research Assistants

— Aim to fund 37 projects by 2024



EPSRC

Multifunctional

CIMCom

Future Composites

Manufacturing Research Hub
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The Hub Work Streams




WS1: Automated Fibre Deposition Technologies

. . . CIMComp
Aims to rapidly produce components not currently manufacturable a e
using conventional AFP, using a combination of novel prepreg Manufacturing Research Hub

material formats and new process developments.

F5;
Un-Manufactyring
@2 pr: Tactile sensing  of Steered
[ ) oFJefetts n:rursﬁln Preforms  IF: Powder-
‘ composite poxy
manutacture Ea_I[ on Fibre
Fs: Eddy- OWPpIes  PE:

Local
urren
Eestlng pr fl-‘i Hg

Airborne

Airbus

AMRC

BAE
Systems

Composites
Integration

Coriolis
Composites

Spirit
Aerosystems ESI

GKN
Work Stream Impact - erospace
Sigmatex Heraeus
Real-time model-based machine control strategies for AFP = Noblelight

. . Rolls-Royce Hexcel
have been implemented that are currently not achievable on pentaxia NCC @
commercial systems.



WS1: ADFP Digital Twin

Traditional method Our method - a true Digital Twin

: : : i i -on Dat llection F k ftwar
Design requirements  3rd Party CAE add-on Quality Control Design requirements gapon o edback to software
Geometry & Composite L. . P . : . Geometry & Composite Layups Store realtime sensor data about HDFS data can be fed back to any stage,

Y posite Layups Turn the Iamlpgtes into trajecto_nes After production check the the resulting deposition allows inline QC checks
for the deposition hardware using manufactured part against defined
assumptions about material quality standards behaviour

behaviour (DFM data)

Break in feedback

CAE software ine hardware Data storage Downstream

CAE SOftwa re MaChl ne Hardware Turn the surface geometry into lamina Use a virtual machine model to generate HDFS5 Database file ‘Digital Twin' stores bl d
Turn the surface geometry into Turn the post-processed data into axis manufacturability check, iterative proce toolpaths and deposit both ‘as-designed’ and ‘as-manufactured’ processes enapie
define nominal paths for deposition part data in a unified format Rapid flow simulation based on

as-deposited data, AR visualisation

laminates, manufacturability check, commands and make the composite
of performance in realtime

iterative procedure



WS1 ADFP Lab-Scale Rig

DFP_Rig - ADFP Rig - PC, Mac & Linux Standalone - Unity 2019.4.1f1 Personal [PREVIEW PACKAGES IN USE]" <D - o

=) ADFP_Simulation - Microsoft Visual Studio
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WS1: 2D Fibre Steered + 3D Forming LR

Future Composites
Manufacturing Research Hub

3D mould geometry & Unforming simulation 2D fibre-steered Continuous tow
Target fibre path (Diaphragm forming) preform design shearing - CTS process
T ;“f Tz
=

CTS production using Diaphragm forming
HiPerDiF preforms Straight Prepreg Steered Prepreg



WS1: Novel tape formats
@ crcony

g Composites
esearch Hub

Unwind Powder deposition Joule heating Re-wind
Magnetic tension brake Controlled flow for Infrared temperature Tape
+ tension sensor electrostatic powder gun measurement + distribution
+ excess powder vacuum Joule heating via + speed
extraction copper rollers sensor



WS2: Optimisation of Fabric Architectures

Improving through-thickness performance and reduce manufacturing
cost and rate through application of 3D woven and optimised
architectures

. CIMCom
EPSRC

Future Composites
Manufacturing Research Hub

Qe
() (]
F5:
0 Layer by Layer
|-O Curing
CP:
Multifunctional

o

CP:
Layer by Layer

crsh 4o

DW LA

Work Stream Impact

Additional 10% weight-saving compared to optimised
non-crimp fabrics (NCFs)




WS2: Multi-scale modelling of 3D fibre
preforms

* Novel meshing technique - TexGen

® Multi-scale modelling to obtain the
macro-scale mechanical properties using
meso-scale geometries

° Flow modelling for predicting
permeability of preforms and minimising
void content in composites

* The developed modelling framework o .
and genetic algorithm (GA) are I
employed for the optimisation of 3D ®SiX'basic loading cases to moderall
architectures s '




WS2: 3D multi-axial reinforcements 28
.

Demonstrator: car floor pan (from AMRC) Load cases: Bending, Torsion

® Conventional orthogonal weaves have poor off-axis properties
* A framework for optimization (UoN) and manufacturing (UoM) of multi-axial

preforms
® Optimised 3D multiaxial preforms to give at least ¢ e
a7 b ulti-axial pretorm | |
an additional 10% weight-saving when compared i © NCF

to optimised +45 non-crimp fabrics (N @57
i 288,

£.5

Floor pan geometry Ne\ARBupJIu gg?g]cgﬁe&gfg%@g, mm



WS2: Braid-winding of tubular preforms @ Cem
* Braid-winding preforming Predmawlmganortqslevels
combines two processes ¥ A o | B/l

® The techniques allow creation of
multi-axial braided preform with
+0 and 90° yarn orientations

® Optimisation framework was
applied to predict optimum layup

® Several demonstrators of gas

cylinders have been manufactured AR ",'f.amm,g;%,,ﬂﬁ,;,h;q;,; ;
and will be tested R it
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WS3: Multifunctional Structures

Multifunctional composite structures have the potential to replace
power systems, wiring, actuators, health monitoring systems and control
systems, significantly reducing complexity and weight of assembilies.

Electrodes: Carbon aefége- | Electrolyte: Epoxy /ionic liquid
coated carbon fibre fabric :
g Wl AR Y A v 5 v 3 ’ g a0

W " &
_1'?".& unl
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sis
FS: Forming FS: Layer by
Limit Diagram Layer Curing

_Fi: Micro-

integration

of Pﬁ;merlc
Yamns

PF: Local
$32 - CP: Resin Printing
S 10 pm Optimise

<

‘-’ , Separator: Glass fibre fabric

Lo

CP:
Layer by Layer

Work Stream Impact

The Multifunctional Core Project has developed
composite materials that exceed the target structural
supercapacitor performance: 1.4 Wh/kg & 1.1 W/kg.



WS3: Manufacture and demonstration of

@ ¢!MComp
d t t I t B EPSRC
cu rve S ruc ura power componen S . . tFytur;Compﬁs:eE
* Collaboration between ICL/UoB led to successful demonstration PLA mask
of masking and barriers to facilitate curved structures :
* Developed scale-up for current collection, encapsulation, | .

multicell assembly and demonstration

Polylactic acid (PLA) mask

Multifunctional web and cap



WS4: Online Consolidation

Consolidation and/or cure time is a major bottleneck for fibre
deposition technologies, with slow cure cycles limiting
manufacturing rate.

. CIMCom
EPSRC

Future Composites
Manufacturing Research Hub

FS: -

q‘r% : cinest Teking
cp

S I H € at n g Mulu’fun:ctional
POO Prelssu re

6‘0

CP:
Active RTM

Mandrel

Work Stream Impact

The Layer By Layer Feasibility Study demonstrated a
~50% saving in cure times for thick components.



WS4: Thick Laminate Digital Twin o @ C1Com
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®* Integrated consolidation and cure model
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Sub-laminate solution



CIMCom

WS4: Thick Laminate Proof-of-Concept

Interlaminar properties preserved up to gel for 300 ply laminate V;~ 55% gg T

Manufacturing Research Hub
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WS5: Liquid Moulding Technologies

LMTs offer great potential but require robust, repeatable
processes with minimal possibility for defects.

. CIMCom
EPSRC
Future Composites
Manufacturing Research Hub

Flow in a lab experiment Detected defects
(2 Defects (lower permeability) ' Permeability High

@ Pressure sensors

Work Stream Impact

Virtual and laboratory testing of Bayesian algorithms
has accurately estimated the location and shape of
defects, including race tracking.
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WS5: Worldwide Benchmarking Activities

National Physical Laboratory

Through-thickness

. . Future Composites
Lead: %ut fir
Verbundwerkstoffe

Manufacturing Research Hub
In-plane permeability

In-plane permeability,
scatter between participants

measurement permeability - \ NCF 'K1. .
1 HoY H - %
(unsaturated, radial injection) measurement 1809 = — p—
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Bayesian inversion algorithm,

takes sensor readings as input , e B
and predicts position of defects LR e
Synergy of Engineering and i ' Seosom

Applied Mathematics

Predicted position and severity
of defects will be used for
process control

Pressure / bar
o o =
N w F=N

<
—

40 60 80 100 120 140
Time /s

(=}

o

N [

Q. [FEieg
.



The novel inversion algorithm also Sensbefaredatadtitaddlgeitbiations
works with 3D geometries

The algorithm can cope with more
localised but still important defects
(e.g. race-tracking)

Flow front is faster in this region due
to a defect (race tracking)



WS6: Composite Forming Technologies

. CIMCom
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Aaniifartiirina Docaarcrh Hith

Composite forming is recognised as an important enabling
technology, with significant improvements on manufacturing rate,

volume and quality.
L*

CP:NCF
Pl Preforming MmN

Constant Nonlinear

bending stiffness bending stiffness Exp.

Work Stream Impact

The Feasibility Study ‘Forming Simulation of curved
sandwich panels’ developed a numerical tool to
optimise net-shape forming for industry.



WS6: Global-to-Local Modelling

Motivation: prediction of small-scale defects using FE analysis [
impractical with large structures

* Global modelling using membrane-only approach to identify problem areas
* Local modelling using shell-based approach to predict the shape of defects

Fabric Fibre Poor
over-shear compression  conformity Defect level

Defect
Level
Level Il

Ply 1 Ply 1 Ply 1 Levelll

Level
Mo defe

Ply 2 Ply 2 Ply 2 Ply 2

Wrinkles predicted by local model

Overlay
plot




WS6: Process improvements

o - a®
Motivation: innovations in processing can improve 0
formability and reduce defects
® Pre-form stabilisation  * Friction modification * Intra-ply stitch removal

- el A e

Forming with liquid resin

Reference: Pattern 1 Pattern 2
No removal




@ ¢!MComp

WS7: Microwave Processing Technologies

Microwave volumetric heating can greatly increase the rate of S
polymerisation, overcoming undesirable thermal gradients within T Manufacturing Research Hb

tooling, reducing cure cycles from hours to minutes and reducing ave
energy consumption.

FS: Microwaves
for AFP

O

F5:
Monomer

Transfer
/ Moulding

P Micrn-wave
Processing

O

ThErmﬂi]l&lSti[

The M-Cable project demonstrated a potential for s

energy savings in excess of 25% using embedded
microwave heating in tools.

Work Stream Impact



WS8: Thermoplastic Processing

Thermoplastic composites can be rapidly processed and offer a m
relatively straight forward route for end of life recycling. This is an area o
of critical capability in which the UK is lagging behind European L
count rl es. '"UEF"S':E"tﬂ' Affordable ﬁ:ermu glastit

sheet forming of ™ watrix CFC/Metallic
'{E&-,ﬁ,’;{gﬁﬁd Framﬁwuﬂr{ Sttluctures
FS: Micro- e anuracture . .
e of COmPOSES ey
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PF: I5‘5.: Hle EITDPhl astic
Rapid processin ouble Diaphragm
ro u?tes I;I]‘u:lr -:arl:m%l Forming
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F5: VARIOTHERM

. CIMComp
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AMRC
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iy Processing

7

CP: Layer by Layer

European
Dynamics

Evonik

Expert Toolin
& RummatinE

Veeloheat FAR-UK

Work Stream Impact
A Hub Thermoplastics Working Group has been Toray ”é:;!:.:::i';-:';'l’

Surface Gordon

established to coordinate activity in this area and includes = Niurray

Induction
INEGI Coil Solutions

Design

the Universities of Nottingham, Warwick, Edinburgh and
Cranfield.
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