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A novel morphing trailing edge using a zero Poisson’s ratio honeycomb core is 
proposed and investigated for airfoil flow and noise control purposes. Based on a 
semi-empirical airfoil noise prediction model, a parametric optimization study is 
performed for the effects of the changes to the morphing profile on the 
aerodynamic and aeroacoustic performance of the airfoil, as well as the actuation 
requirements of the morphing flap.  

ON THE APPLICATION OF MORPHING 
STRUCTURES FOR AIRFOIL NOISE CONTROL 

Qing Ai, Mahdi Azarpeyvand, Xavier Lachenal, Paul Weaver 

Supported by 

Background 

• Airfoil self-noise is the dominant noise 
source from wind turbines and aircraft wing 
during take-off and landing 

• A novel morphing trailing edge using a 
bending stiffness tailored honeycomb core 
(Fig.1) is studied for airfoil noise reduction 
and aerodynamic improvement purposes 

Method:  Finite Element Model (ABAQUS) 
Output:   The morphed airfoil shapes 

Method:  Xfoil and BPM model1 

Output:  (1) Lift and drag coefficients 
              (2) Sound pressure level (SPL) 

Initial design of the morphing trailing edge 

Reference 

[1] Brooks,T., Pope,D., Marcolini,M. NASA RP-1218, Airfoil Self-noise and 
Prediction,(1989). 

[2] Daynes,S., Weaver,P. A Morphing Trailing Edge Device for a Wind Turbine, 
Journal of Intelligent Material Systems and Structures, 23(6), 691-701,(2012). 

Methodology 

• The bending stiffness of the honeycomb core 
is tailored by changing the geometrical 
parameters along the chord length 

• An airfoil of chord 1.3 m is chosen and fitted 
with a morphing trailing edge, which yields 
large tip displacement and also enables 
curvature tailoring of the morphed trailing 
edge 

• A coupled structure-flow-noise model is 
developed to investigate the effects of the 
changes to the shape of deformed trailing 
edge on the acoustic and aerodynamic 
performance. 

Morphing trailing 
edge optimization 

Results 

• Airfoil noise reduction of up to 6 dB over 
the low frequency range can be achieved 
without affecting the aerodynamic 
performance, i.e. lift-to-drag ratio (L/D) 
(Fig. 2) 

• Tailoring the bending stiffness of the core 
can reduce the actuation force (Fig. 3) 

 

Figure.1 (a) The honeycomb core with zero Poisson’s ratio (upper skin: carbon fibre laminate; 

Lower skin: silicone.2 skins are not shown for clarity);  (b) The upper-surface profile for the morphed 
trailing edges with different honeycomb core designs 

(a) (b) 

(a) (b) 

Figure.3 Actuation force of the morphing flaps using different honeycomb core 

designs  

Figure.2 Results of a NACA 63-418 airfoil fitted with a 20% chord-length morphing 

trailing edge within a 50 m/s flow: (a) morphing angle of -6o, angle of attack of 8o; (b) 
morphing angle of 8o, angle of attack of 0o. 
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3D Digital Image Correlation (DIC) is used on a bias extension test of novel 
spread-tow prepregs. The bias extension test imposes shear deformation on the 

prepreg, which also buckles out-of-plane. The characterisation of this behaviour is 
highly relevant to the formability of the material. 

USING DIC TO EVALUATE THE FORMABILITY OF 
SPREAD-TOW PREPREGS 

L.D. Bloom, C. Ward, K. Potter 
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Specimen buckles at very low 
extension levels. 

Average amplitude of buckles 
increases with shear angle but 
peaks at ≈15°. Amplitude 

decreases with extension rate.  

Non-uniform strain distribution 
(y-direction shown). Weave 
pattern visible with high strain 
at crossover regions. 

Layup difficulty encountered 
due to this, as well as out-of- 
plane displacement. 
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Bias extension test 
Tows aligned at ±45° to loading direction. DIC allows strain distribution and out-

of-plane displacement to be determined. The measurement is complicated due to 
the highly reflective surface and the large displacements. 
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Multifunctional composites can be configured to mimic natural biological systems. 
For example, via fabrication of an embedded array of hollow channels in the form 
of a vascular network, which can be then utilised to provide a variety of functions, 
including self-healing, thermal management, sensing and actuation. 
Two investigations were carried out: 
1. Active thermal cooling was performed on short beam shear (SBS) and double 

cantilever beam (DCB) specimens for reduction in ageing effects at higher 
service temperatures 

2. Accelerated curing of a self-healing agent in test specimens via in-situ heating 
through embedded channels 

COMPOSITES WITH MULTIFUNCTIONAL  
VASCULAR NETWORKS 

Kasia Boba, Ian Bond, Richard Trask, Duncan Wass  

• Use of fibre reinforced plastic (FRP) 

composite in higher temperature 

environments  

• Prevention of premature ageing by        

reducing local laminate temperatures 

 

 

 

 

• Water at 0˚C pumped through Ø0.5 mm 

channels at ≈10ml/min  

• Decrease in specimen temperature of up  

to 70°C at 150°C environment 

Thermal management (cooling) Thermally induced self-healing 

  

     

                   
  

Vascules (Ø0.5mm) with heating fluid 

Vascules with self-healing agent (SHA) 

• Enhanced self-healing by improvement 

of cure reaction kinetics using in situ 

heating 

4 min  

1 min  

2 min  

3 h 

Thermal images - healing (3h) 

• Specimens heated to 

~45˚C with hot water 

flowing through  

channels  

DCB specimens 
Cross-section 

• Healing efficiency (50-60% of load) 

comparable with reference data of  curing 

at 45˚C for 3h in the oven 

Specimen designs  

Thermal tests 
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STIFFENED VARIABLE ANGLE TOW PANELS 

Broderick H. Coburn, Zhangming Wu, Paul M. Weaver 

Supported by 

Analytical Model 

The advancement of automated tape/fibre laying technologies has led to the possibility 
of manufacturing laminates with varying in-plane fibre orientation. These variable angle 
tow (VAT) laminates have previously shown enhanced buckling performance compared 
to conventional straight fibre laminates. This study aims to develop analytical methods 
for the buckling of a novel blade stiffened VAT panel to allow this potential to be more 
fully exploited and to demonstrate this technology through the design, optimisation, 
manufacture and testing of a stiffened VAT panel. 

Future Work: Demonstrator 

Stiffened panels are used as primary structural 
components such as wing covers. Improved buckling 
performance by utilising VAT will lead to weight savings. 

Rayleigh-Ritz energy minimisation on a representative section implemented in Matlab. 

Background VAT laminate 
manufactured at the 
University of Bristol 
[Kim et al. Comp. A 
2012] 

Wing cover 
underside 

Representative 
section 

Global buckling 
Avoid – catastrophic 

due large drop in 
stiffness 

Local buckling 
Preferred first failure 

mode. Good post-
buckling performance. 

Airbus A380 

Two main 
buckling 

modes 

Stress resultant, Nx 

Varying fibre angle redistributes 
load to stiffeners. CTS induced 
thickness variations provide 
additional performance benefits. 

Design and optimise a stiffened 
VAT panel using developed 
analytical methods. 

Manufacture, with Continuous 
Tow Shearing (CTS), and test a 
stiffened VAT panel optimised for 
buckling performance. 

Skin-foot plate prebuckling Nx 

Shifting neutral axis and B-matrix terms 
due to stiffener flange: Approximated  
by using a reduced bending 

Prebuckling Buckling 

Rigidly attached 
plate 

Beam: EA, EI, 
GJ, GA 

Web modelling: Beam for global 
modes and plate for local modes. Thick laminates: First order shear 

deformation theory shape functions allow 
capture of transverse shear effects which  
can reduce buckling loads by up to 20%. 

Results: Local 
and global 

buckling 
results in 

good 

agreement with FEA 
for practical loading 

and geometry cases. 

Geometric / stiffness discontinuities:  
Novel application of displacement shape 
functions allows discontinuities in curvature 
to develop leading to the accurate capture of 
buckling with a reduced number of terms. 

Determine non-uniform 
stress distribution due to 
VAT skin and stiffener flange 
and web. 

stiffness 
matrix. 

Computationally efficient alternative to FEA. 

Demonstrator specification 

Further information: 
[1] B.H. Coburn, Z. Wu, P.M. Weaver, Buckling analysis of stiffened 
variable angle tow panels, Compos. Struct. 111 (2014) 259–270. 
[2] B.H. Coburn, Z. Wu, P.M. Weaver, Local buckling of blade stiffened 
variable angle tow panels, in: AIAA/ASME/ASCE/AHS/ASC 55th SDM 
Conference, Washington D.C., 2014. 
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Self-healing technologies are developed to 
realise a new generation of smart fibre 
reinforced polymer (FRP) composites 
containing an in situ repair functionality, 
while operating in demanding environments. 
 
Embedding self-healing functionalities into 
high performance polymer composites has the 
potential to afford further weight savings 
by reducing the required safety factors and to 
facilitate significant change to current 
composite material design parameters.  

SELF-HEALING COMPOSITES 

TOWARDS COMMERCIAL APPLICATION 

Tim Coope, Rafael Luterbacher and Ian Bond 

Targeted Commercial Applications 

Supported by 

Self-HealIng POlymers for Concepts on self-
Repaired Aeronautical composiTES (HIPOCRATES) 
The aim of the HIPOCRATES project is to serve as a platform for 
developing the required knowledge, technologies, procedures and 
strategies to deliver self-repairing composite aero-structures, while 
defining the roadmap to achieve the vision of self-repairing 
composite structures. (Grant agreement no: 605412) 

[1] Coope, T. S. et al. (2011), Self-Healing of an Epoxy Resin Using Scandium(III) Triflate as a 
Catalytic Curing Agent. Adv. Funct. Mater., 21: 4624–4631. doi: 10.1002/adfm.201101660 
[2] Coope, T. S. et al. (2014), Metal Triflates as Catalytic Curing Agents in Self-Healing Fibre 
Reinforced Composite Materials. Macromol. Mater. Eng., 299: 208-218. doi: 10.1002/mame.
201300026  
[3] Coope, T. S. et al. (2014), Repeated self-healing of microvascular carbon fibre reinforced 
polymer composites. Smart Mater. Struct. in press 
 

Microcapsules1 
(Small-scale damage) 

Microvascular channels2,3 (Large-scale damage) 

Damage generated at holes 
(manufacture/in-service) 

 

 

 
 

 

•  Holes required for fasteners, 
component assembly and repair 

Damage to adhesively joined 
components 

 

 

 
 

•  Skin-stiffener panel debonding 

Damage initiating at resin 
rich regions 

 

 

 

 
 

 
•  Ply drops, stringer run-outs 

•  Out-of-autoclave   
manufacture using    
Gurit SE70 CFRP prepreg 
(70 °C / 16 hours)  

•  Solid-state catalyst 
(scandium(III) triflate) 
embedded during layup 

•  Central microvascule 
channel (ca. 500 µm) 
located on midplane 

•  Epoxy resin injected 
externally onto the crack 
plane 

Novel ‘healing’ chemistries 

•  High performing epoxy resin-based systems 

-  Compatible with host matrix material 

•  Cost effective and environmentally stable metal 
triflate catalytic curing agents (i.e. scandium(III) 
triflate) 

•  Tailorable microcapsule size for embedment into bulk 
epoxy resin, adhesive films and FRP composites 

 



















      





 

  
  



















      





 

  
  

After 15000 cycles 

© dormer tools 
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3

1

Resin	  
Pocket

JEC 

Representative microvascular double  
cantilever beam (DCB) coupon test specimen 

Representative load-displacement plots for a 
sample after multiple (5) healing cycles 

Healing 
efficiency, % 

 

x1 H       59 
x2 H       81 
x3 H       82 
x4 H       99 
x5 H     112 

TDCB specimen 

TDCB initial and 
healed data 

SEM images of CFRP DCB fracture surface 

Ruptured microcapsule releasing 
unpolymerised epoxy resin (blue) 

Embedded solid-
state catalyst 

(yellow) Microvascular channel 

Polymerised healing agent 
(white), crack surfaces 

bonded together 
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The ability to affect an in-situ structural repair to a complex composite component 
has been demonstrated. Damage within T-joints was repaired by manipulating 
damage towards embedded vasculature and subsequent infusion with a healing 
agent. The layup and vascule location was optimised experimentally and using 
FEA. Low viscosity resin systems suitable for injection have also been examined. 

IN-SITU REPAIR OF COMPOSITE T-JOINTS 

Jack Cullinan, Michael Wisnom & Ian Bond 

Vascule Optimisation 

www.ACCISMultifunctional.com 

Repair & Recovery 

Various Epoxy & Cyanoacrylate 
adhesive systems examined: 

• Low Viscosity 

• High Toughness 

• Progressive Failure Mechanisms 

Adhesives tested at coupon and 
structural level: 

• DCB & SLS (Static & Fatigue) 

• Vascularised T-Joints 

Supported by: 

±45° Interface 0°/90° Interface 

Stochastic failure mechanisms controlled through 
block stacking of the overlaminate & adjustment 
of the interfacial ply orientation. 

Damage Manipulation 

T-Joint Failure 

Failure of composite T-joints can be highly 
stochastic. Predictable failure modes are therefore 
required to achieve reliable interaction between 
damage and repair infrastructure. 

High shear stresses due to block stacking can be 
used to promote failure in the vicinity of 
overlaminate vascule (see micro CT image above) 

Thermoelastic FEA used to optimise for maximum 
strength and minimum thermal residual stresses. 
Single and dual vascule configurations investigated 
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• Promising results from inherently tough CAs 
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Although significant attention has been played to biomimetic plant actuation, 
these studies have failed to grasp the importance of the wider sensing and control 
system that surrounds it. Through investigation of the sun-tracking function of the 
Cornish Mallow leaf, this research aims to develop a concept for a novel light-
tracking multifunctional structure, employing remote chemical sensing, signal 
transmission and control of composite hydrogel actuators.  

BIOMIMETIC PHOTO-ACTUATION:  
REMOTE CHEMICAL SENSING, SIGNAL TRANSMISSION AND CONTROL OF 

COMPOSITE HYDROGEL ACTUATORS 

Michael Dicker, Jonathan Rossiter, Paul Weaver, Ian Bond 

Supported by 

a. b. c. 
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Progress:

Future work:

Aim: To produce a nanocomposite wound dressing material which 
elutes antiseptic at a sustained, and controlled, rate.

ANTIMICROBIAL NANOCOMPOSITE WOUND 
DRESSINGS

Supported by

Find out more:

a) b)

Background:

Figure 2. Chlorhexidine hexametaphosphate nanoparticles. 

Antiseptic nanoparticles

Novel antiseptic eluting nanoparticles,
developed at The University of Bristol are
electrostatic aggregates of chlorhexidine
and hexametaphosphate (Fig. 2).

Chronic wounds

Chronic wounds are vulnerable to infection
offering prolonged access for microbes.

A continuous supply of antiseptic to the
wound bed would reduce infection rates.

Figure 1. Diabetic foot ulcers have a high risk of infection. 

Material development

Nanoparticles have been encased within a
polysaccharide matrix and processed into
films and fibres (Fig. 3).

Figure 3. a) TEM of a nanocomposite film shows the intact 
nanoparticles. b) SEM of a nanocomposite fibre (ø ~ 50 µm).

Peter.Duckworth@bristol.ac.uk

Project scope

• in vivo experiments (Fig. 6).

• Functionalise with embedded haemostatic
chemistries to produce a blood clotting
antimicrobial wound dressing.

Figure 6. A guinea pig.

Peter F. Duckworth, Sarah E. Maddocks, Andrew M. Collins, 

Sameer S. Rahatekar* & Michele E. Barbour*
*project co-supervisors

Antimicrobial studies

Alginate nanocomposite films show a dose-
dependent antiseptic elution (Fig. 4)...

...and hence dose-dependent in vitro
antimicrobial action against MRSA (Fig. 5)

Figure 5. Antimicrobial action of alginate films against MRSA. 
(CFU = [bacterial] colony forming units)

Figure 4. Chlorhexidine elution from alginate nanocomposite films. 
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Thermal stresses within fiber-metal laminates are exploited to create
temperature-driven actuators with unique properties. Unlike bimetallic strips,
composite actuators can be designed to act at specific triggering temperatures,
and can exhibit snap‐through behavior and multistability. Ongoing research

focuses on demonstrating the aforementioned concepts using ceramic matrix
composites. Potential applications include variable geometry gas turbine
components and spacecraft thermal control.

THERMALLY-DRIVEN SNAP-THROUGH AND MULTISTABILITY 
USING LAMINATED FIBER-METAL SHELLS

Eric Eckstein, Paul Weaver

Supported byImpact

Modelling

Rayleigh-Ritz multistability model1 with von
Kàrmàn plate kinematics, accounting for:

• Initial curvature.

• Through-thickness thermal gradients.

• Temperature-dependent material 
properties.

• Non-thermoelastic strains.

Core and bypass 
chevron deployment

Autonomous aero control in 
extreme environments such 

as the gas turbine hot section

1. E. Eckstein et al. Thermally-driven snap-through and multistability using 
laminated fibre-metal shells.  16th European Conference on Composite 
Materials,  June 2014

Passive thermal 
control louvers

Mechanics and Results
An asymmetrically laminated UD-CFRP/Aluminum laminate is cured at 
180°C on a cylindrical tool with curvature oriented perpendicular to the 
fiber direction.  The composite and metal layers have highly 
mismatched CTEs in the fiber direction.

Upon cool-down, thermal moments develop along the 
fiber direction, however bending is resisted via 
membrane strain due to increase in Gaussian curvature.

With sufficient ΔT, the laminate 
snaps to an orthogonally oriented 
cylinder, driven by release of stored 
membrane strain energy.  This 
occurs in manner similar to the 
Brazier collapse of a tape measure.

Mth
Mth

Bistability Window

1

2

3

Camera 2

Thermocouple and 
DIC data aq. PCs

Camera 1

Speckled test 
article inside oven

Top: Oven test rig with thermocouple and digital image 
correlation (DIC)  system.
Above: Curvatures are extracted by fitting a quadratic surface 
to the DIC-measured point cloud.

Experiment

230x230mm CFRP/Al laminate heated to 
180°C in oven.  Displacements measured with 
3D digital image correlation system.

Above: Laminate’s curvature response to temperature change.  Dotted lines denote snap-though 
paths.  The laminate’s snap-through temperature during heating is higher than for cooling; the two are 
separated by a temperature window where the laminate is bistable.
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ANALYSIS OF AUTOMATED PREPREG LAYUP 
Michael Elkington, Carwyn Ward, Kevin Potter.  

Cylindrical roller  

10 mm/s 
Full consolidation 

300 mm/s     
Corner void 

The concept of using a six axis robot to consolidate sheet prepreg is currently being 
developed. Prepreg sheets are first ‘presheared’ using a press to generate the required 
shear and then placed onto a mould and consolidated using a range of end effectors 
attached to the robotic arm. The work presented here uses a removable transparent 
layer on top of the mould to evaluate the effectiveness of different end effectors. 

Prepreg initially appears to be  
consolidated into the corner. 

Resin patches 
on prepreg 
surface 

Resin contact No contact 

End effector performance 

Layup testing 

Large corner void 

Nylon ‘dibber’ tool 

High contrast 
image clearly 
shows lack of 
prepreg-
mould contact 
in corner. 

Full Consolidation 

Supported by 

3. Consolidate opposite ramp 

Silicone mounts 
create 
compliance in 
the ‘dibber’, 
to protect the 
prepreg 

 

Ideal for corners with angles 
of up to 45˚. Reduced layup 
speed enables better contact. 

2. Consolidate corner 

1. Consolidate ramp 

Ideal for flat and some 
convex surfaces, but not 
for internal corners. 

The prepreg-mould interface 
can be inspected using a 
transparent removable layer, 
to show if the prepreg has  
made good contact with the 
mould surface. 

Transparent 
Plastic 

Profiled silicone roller 

Three stage process is 

effective in up 
to 60˚ corners. 

Prepreg 



Key Challenge 
• Manufacture, test and analyse angle-ply laminates with central UD plies in order to 

achieve ‘pseudo-ductility’ through damage suppression, fibre rotation and gradual 
failure of the UD plies via fragmentation.  

Pseudo-ductility of thin ply CFRP angle-ply laminates 
with central UD plies 

 Programme Grant 

J Fuller, M Jalalvand, MR Wisnom 

Experimental results 
• Symmetric laminates, [±265/0] S, using Skyflex USN020A thin ply carbon fibre-epoxy prepreg, with a 
  cured ply thickness of 0.030 mm. 
 

• Three principal damage modes govern behaviour: 
• Fragmentation of UD plies; 
• Dispersed, local delaminations at 0º/-26º interface;  
• Failure of ±26º plies.  

 
 
 
 
 
 
 
 
 
 

Strength [MPa] 825.7 (CV = 1.14%) 
Yield Stress [MPa] 691.7 (1.60%) 
Failure Strain [%] 4.31 (2.84%) 
Pseudo-Ductile Strain [%] 2.27 (8.11%) 

Analysis of failure mechanisms 
 

X-ray CT scans –  
 

• Higher resolution 
  scans allow more 
  information about 
  fragmentation 
  development and 
  subsequent 
  delaminations.  

• Scans of 
  interrupted test 
  samples show 
  increase of damage 
  (highlighted in 
  purple), including 
  eventual 
  delamination 
  saturation (#5).  

Increasing εx 

Analytical modelling 
 

• Model uses matrix plasticity, fibre rotation of 
angle-ply layers and fragmentations and 
delaminations of UD plies.  

• Predictions agree well with experimental results 
for other layups.  

[±264/0]S  
 

Accurate stress 
plateau. 
Delamination prior 
to saturation also 
predicted.  

[±254/0]S  
 

Stress plateau well 
predicted. 
Fragmentation 
saturation occurs 
before 
delamination.  

ACCIS, University of Bristol, Queen’s Building, Bristol, BS8 1TR 
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Polystyrene microspheres were arranged into both multilayer stacks and concave 
surfaces through self assembly of the microspheres. These structures are iridescent and 
resemble those found in insects 

POLYCHROMATIC COMPOSITE FILMS FOR 
ADAPTIVE CAMOUFLAGE 

Ian Gent, Richard Trask, Nicholas Roberts and Annela Seddon 

Background and Inspiration  
There is no perfect camouflage pattern for all situations 
 

There are a number of examples in nature of changing 
colouration to aid survival 
 

Many of these examples generate colouration through 
interactions of light with microstructures 
 

Colouration is altered through adjustment of layer 
spacings in structure. 
 

Supported by 

Manufacture of composite films 
Polydimethylsiloxane (PDMS) measured, 
mixed and poured into teflon coated 
mould 
 

Thermally cured at 60°C 
 

Polystyrene (PS)/Ethanol solution 
dropped onto cured film in teflon coated 
mould 
 

Second layer of PDMS added to the 
mould, same quantity as the first layer 
 

Thermally cured at 60°C, demoulded and 
sectioned for microscopy 

 

a) b) 

d) 

a) Comparison of British Army camouflage patterns, b) Multilayer 
stack structure found in the carapace of a weevil, c) Concave surface 

found in the wing of the Emerald Swallowtail butterfly, d) Golden 
Tortoise beetle uses a change of structural colouration to aid its 
survival, the transition shown here took place over 90 seconds. 

Cured PDMS 
film  

Composite film containing 
240 nm PS microspheres 

Results, Analysis and Conclusions 

Both 1000 nm and 240 nm polystyrene microspheres have been used in the composite films 

1000 nm spheres can be used to produce both multilayer stacks and concave surfaces, both 
produce iridescent films 

240 nm spheres have been used to produce highly ordered multilayer stacks that produce more 
intense iridescence than 1000 nm spheres. 

Future Investigation 

Tensile testing of manufactured morphologies to quantify colour change 

Inclusion of liquid crystal phase into concave surface to allow for dual tailorability of colour 

Chemical functionalisation of sphere surface to effect colour change with different fields 

c) 

a) b) c) a) Mulitlayer stack of 1000 nm PS spheres 
showing both hexagonal and cubic close 
packing 

b) Concave surface formed from 1000 nm 
PS spheres 

c) Multilayer stack of 240 nm PS spheres 
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ZIG-ZAG DISPLACEMENT FIELDS IN 
COMPOSITE AND SANDWICH STRUCTURES 

Rainer Groh and Paul Weaver 

Supported by 

For composite and sandwich structures with high degrees of transverse shear 
orthotropy, the assumption of constant, linear in-plane displacement fields 
across layer interfaces is inaccurate. In fact, significant slope changes may arise 
at layer interfaces, which are known as the “Zig-Zag” (ZZ) effect and are driven 
by continuity conditions on transverse shear stress and in-plane displacements. 
These conditions may be captured by analogous spring-in-series and spring-in-
parallel models, respectively. The developed model provides accurate 3D stress 
fields without the need for post-processing. The relative importance of the ZZ-
effect for different laminates may be captured by a newly developed ZZ-factor. 

Zig-Zag Displacement Fields 
Axial Displacement 

Zig-Zag slope 
discontinuity at 

interfaces 
Step change in transverse shear 

strain drives Zig-Zag effect 

Smaller effect 
due to smaller 
step change in 
shear strain 

90/0/90/0/90 
Laminate in 

Bending 
Assuming transverse displacement w is 
constant through-thickness → Step-wise 

change in γ across layer interfaces 
causes change in slope du/dz 

Mechanical Model Based on the Hellinger – Reissner Variational Principle 

Transverse shear stress/strain 

• Classical plate theory enhanced with: 
 Variable for shear deformation 
 Variable for the Zig-Zag effect 

• Model leads to highly accurate 
predictions of the 3D stress field 

• For sandwich beams, neglecting the 
ZZ-effect may lead to non -
conservative predictions of the axial 
stress in the face sheets! 

Notice the large 
discrepancy in 

max stress 
between CLA and 
the present theory 

Axial stress σx 
through-

thickness for a 
sandwich beam 

 t/L = 1:8 
skin/core = 1:8  

0o 

S
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dw
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h 
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ye
r 

0o 



www.bris.ac.uk/composites 

Electroadhesion is the process by which high potential difference is imparted 
across insulated surface mounted electrodes to polarise connection substrates and 
generate a holding pressure. We consider here a novel means of fabrication and 
incorporate electroadhesives into composite structures. Through materials 
selection and modifications to the fabrication of the devices, we have achieved 
increased levels of shear holding pressure. 

INTRODUCTION OF ELECTROADHESIVE 
ELEMENTS TO COMPOSITE STRUCTURES 

Callum Heath and Ian Bond 

Supported by 

Electroadhesion 

Primarily used to date in wall climbing robots. 
We aim to utilise the technique in other 
scenarios, which requires: 

• Increase of holding strength (existing 
around 20 kPa) 

• Consideration of structural integration 

Fabrication 

A novel means of electroadhesive device fabrication has been developed. This flexible four 
part process is an enabling technology for structural integration 

*Redundant process once material and connection improvements are made 

Results 

A rig was developed test the achievable shear 
holding strength. In structural applications, 
one would have control over both connection 
surfaces, so different coatings of GFRP were 
considered. An average shear force of 210 N 
was achieved, equivalent to 56 kPa 

Flexible PCB material 
25 µm Polyimide 
 18 µm Copper 

0.5 mm electrodes 
chemically etched 

1 mm spacing 

Electroadhesive co-
cured with SE70 

GFRP  

Polyimide peeled, 
Silicone conformal 

coating applied 
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Potential Difference (kV) 

Polyimide Uncoated Tedlar Mylar

Extensions 

• Integration to beam elements for stiffness 
control 

• Application specific modifications 

Increase 
Force 

Increase Voltage 

Decrease Dielectric Thickness 

Increase Relative Permittivity 
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Composite materials are light, strong, stiff and corrosion resistant but they suffer
from an inherent lack of ductility. The aim of the HiPerDuCT programme is to
design new materials which fail gradually with “pseudo-ductile” stress-strain
response. Thin-ply hybrid composites with two different types of fibres can
produce such a gradual failure process. In this study, DAMAGE MODE MAPS have
been developed for designing optimum hybrid configurations and very successful
pseudo-ductile tensile responses have been achieved in the experiments.

PSEUDO-DUCTILE HYBRID LAMINATES
Meisam Jalalvand, Gergely Czel, Michael R Wisnom

Damage mode map
This map is a very useful design tool by which 
the optimum configuration of a material 
combination can be found. 

Supported by

UD hybrid composites
Hybrid composites consist of two different 
types of fibre with different failure strains. The 
damage process of UD Hybrid laminates can be 
categorised into four different groups as shown 
below:

High strain material Low strain material 
σ

ε
1. Premature high 
strain  material 
failure 

2. Catastrophic 
delamination

3. Low strain 
material 
fragmentation

4. Low strain material 
fragmentation and 
delamination

σ
ε

σ
ε

σ
ε

C
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The main challenge of this project is to put in action a fully integrated capsule 
based self-healing in a composite material. The introduction of this functionality 
involves the design of a suitable healing system, synthesis of robust microcapsules 
containing active ingredients and integration in a high performance composite.  
To date, epoxy resins polymerised with selected Lewis Acids (LA) were shown as 
suitable healing chemistries and poly(urea-formaldehyde) microcapsules as the 
cargo of both healing components.  

CARBON FIBRE REINFORCED POLYMER WITH AN 
OPTIMISED DISCRETE SELF-HEALING FUNTIONALITY  

Patryk A. Jarzynka, Duncan F. Wass, Ian P. Bond  

Supported by: 

Future Plans 
•  Integration of microcapsules in a composite structure  

and assessment of the self-healing functionality 

Unidirectional CFRP Interleave containing microcapsules  

Pre-preg resin Microcapsules 
containing 
epoxy/solvent Catalyst 

Microcapsules Filled with Epoxy Resin - Solvent 
Capsules containing EPON 828 – EPA were synthesized via in-situ 
polymerisation of urea and formaldehyde in an oil-in-water emulsion 

•  Microcapsules can be prepared at variable load 
of the active ingredient  
(from 2.5 to 90 wt% of EPON 828) 

•  Size of the microcapsules can be easy 
controlled by the stirring speed, sonication and 
the surfactant/stabiliser load in an emulsion  
(1 – 420 µm) 

E50 Microcapsules 
Poly(urea-formaldehyde) 
EPON 828/EPA Core  

170°C	  

•  Microcapsules are thermally stable 
up to 170°C and when exposed to 
a curing schedule of a commercial 
resin (100 min, 100°C – 2.5wt% 
mass loss) 

•  Silica layer improves capsules 
properties and allows impregnation 
with catalyst/initiator  

Self-Healing Chemistry 

•  Epoxy resins were selected as suitable 
healing agents  

•  Scandium (III) trilflate is an active 
initiator for epoxide homopolymerisation 

•  Polymerised networks have high glass 
transition temperatures (Tg) (40 – 95°C) 

•  Manually injected resin bonds fractured 
surfaces of TDCB specimens and recover 
mode I fracture toughness properties  
(40 - 130%) 

90wt% - Epoxy resin (EPON 828) 10wt% - Ethyl phenylacetate 
(EPA) 

Sc(OTf)3 

Non-Isothermal Curing  Recovery of Fracture Toughness  

Core of the Microcapsules 

Thermal Resistance 

poly(urea-formaldehyde) Urea 

Lewis Acid Initiator 
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This work explores the manufacturing aids that laminators make themselves and 
use in hand lamination tasks. These tools are a source of variability in the layup 
process. This investigation is the first known of in literature to produce some initial 
concepts and thoughts to the role they play. The developed understanding has 
resulted in preliminary design requirements and prototypes for standardised aids, 
that could perform the same role as their handmade predecessors. These 
prescribed aids, and techniques for their use, could equip laminators with a more 
standardised strategy for approaching lamination. 

EXPLORING TOOLS AS AIDS IN COMPOSITES 
MANUFACTURING

Helene Jones, Carwyn Ward, Anna Chatzimichali, Kevin Potter

Supported by

95 mm

165 mm

Mapping 

•Data was organised by constructing 
“hub and spoke” diagrams (below) 

•They consider how different 
prototypes and dibbers (spokes) 
interact with a different geometrical 
feature on a mould (hub)

“Dibbers” 

•Handmade dibbers belonging to a 
professional laminator 

Exploration 

•Making initial 
prototypes for 
lamination tasks 

•Observing and 
interviewing an 
expert laminator

Aid for Multifeature Forming 

•Aid (right) fabricated (additive 
manufacture) 

•Integral instructions and 
technique training

Acknowledgements: Richard 
Middleton (EADS IW)

Design Space

Prototype Development 

•Concepts mapping the 
requirements of a mould 
geometry to the features of a 
prototype (right) 

•Four working prototypes, 
two of them are illustrated 
here (below)

110 mm
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Decomposed Reference

Internal geometries of modern composites become very complex. Classical 
modelling techniques are too computationally expensive for the yarn scale analysis. 
 

A pragmatic approach is proposed here where 3D problems are approximated using 
2D projections. Local stresses are then analysed by decomposing the architecture 
into tows/yarns. 

MULTISCALE MODELLING APPROACH FOR 
COMPLEX ARCHITECTURES  

Yann Le Cahain, Dmitry S. Ivanov 

Supported by FP7 Marie Curie CIG InterCom project  

Example 1:  
Variable Angle Tow panel 

Example 2: 
Textile architectures 

Concept: The decomposition approach 

Conclusion: 
• Pragmatic solution for complex laminate 

geometries 
• Promising decomposition scheme for analysis 

of textile composites 
 

 
• Potentially effective way of modelling defects 

(resin rich zones, fibre volume fraction variation, 
cracking, …) 

• High resolution of stress at low computational 
costs 

Construct a 3D 
displacement field from 
2D problems 

Analyse each tow 
separately 

Simplify the problem 
using 2D projections 1 2 

3 

• Out of plane waviness  

• Interlaced tows 

• Resin pockets of complex 
shapes (hard to mesh) 

3D problem 2D problem 

(Out of plane displacement field 
for a textile architecture) 

• High curvature of tows  

• Non-periodic structure 
at laminate level 

• No representative 
volume element 

Single yarn 
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Experimental data
Reference
Decomposed

Statistical representation of stress distribution 

x 

y 
z 

Typical 
tow path 

Complex path creates 
a thickness variation 

Tows are modelled separately (one for each ply) 

Each yarn is modelled separately 

Construct boundary 
conditions from the 
displacement field 

4 

• Maximum of 
3% error in 
stresses for all 
components. 

• Model stays 
within 
experimental 
variation range 

set boundary 
conditions on 
the surfaces 
(yarns, tows) 
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Synthesis of displacement field 

The model can capture local features at low 
computational costs. 

3D reference problem 
Yarn analysed separately using 
boundary conditions from 2D problems 

x 

y z 

x 

y z 

(Out of plane displacement field) 

• Deformed shapes are well reproduced: 
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Synergistic effect of glass fibres  
•Glass fibres in the matrix 
   enhance transmittance  
   and reduce absorption 
 
•Potential applications of 
   cloaking and sensing  
   devices 

 

Ferromagnetic microwires are recently considered promising in constituting double 
negative index metamaterials. Embedding microwires into glass fibre reinforced 
epoxy prepregs to realize a metacomposite is of much interest for potential 
applications of cloaking and sensing devices. Microwave properties of 
metacomposites containing parallel and fishnet wire arrays were investigated 

MICROWAVE PROPERTIES OF FERROMAGNETIC 
MICROWIRE META-COMPOSITES 

Yang Luo, Hua-Xin Peng, Faxiang Qin, Wangchang Li 

Fabrication and Microwave characterization 

• Amorphous glass-coated ferromagnetic microwires were incorporated into E-glass prepregs 
in the parallel and fishnet fashion to yield parallel wire array and fishnet metacomposite. 

 

 

 

 

 

•Free space measurement was employed to examine S-parameters in the frequency band of 
0.9-17 GHz in the presence of external magnetic field up to 3000 Oe. 

Parallel wire array metacomposite 
•Transmission window  
    suggests a negative ε  
    and a negative µ 
•Metacomposite features  
   obtained without external 
    field 
•Multi-peak absorption 
    behaviour 
•Field-tuned transmittance  
•Critical wire spacing 7mm 
    

 

 

Fishnet metacomposite 
•Double negative features 
   for 3mm and 10mm fishnet 
   composites.  
•Addition of vertical wires 
   increases transmittance level 

 

 

 
 
•Critical fishnet size to  
   obtain metacomposite is  
   less than 50×50mm2 
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Anisotropic effect of glass fibres  
•Electrical component of  
   microwave arranged along 
   and perpendicular to  
   glass fibres 
•Homogeneous distribution 
   of microwires 
•Heterogeneous 
   microwave behaviour 
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Allowing non-symmetric laminates significantly increases design freedom. This is 
especially true as the number of plies in a stacking sequence increases. 
Furthermore,  coupling between in and out of plane behaviour can then be 
exploited to improve structural efficiency. By using analytical models an 
optimisation framework can be developed allowing for efficient design of stringer 
terminations that better resist debonding.

EXPLOITING NON-SYMMETRIC COMPOSITE LAMINATES

Matthew P. O'Donnell, Paul M. Weaver

Increased Design Space

Certain non-symmetric laminates 
display zero thermally induced 
warping due to coefficient of thermal 
expansion (CTE) mismatch. By 
allowing a tolerance to nominal levels 
of strains due to CTE mismatch the 
design space can be significantly 
expanded beyond these laminates.  

Supported by

Parametric Study - FEA

Stringer debonding is a significant 
problem in aerospace structures.  
Variations in the layup in the tip and 
foot regions of a T-stiffened panel 
produced significant changes in the 
predicted debonding load. Non-
symmetric laminates showed the best 
performance, highlighting the need 
for further investigation. 

Optimisation – Analytical 

In optimisation studies FEA is often 
computationally prohibitive. By using an 
energy based modelling approach, an 
efficient optimisation framework was 
developed. The results demonstrated a 
preference for non-symmetric laminates.

A novel, highly efficient integration 
technique has since been proposed, 
allowing greater refinement of stiffness 
discontinuities.  

Future Work

Refine analytical model to capture stiffness discontinuities.

General boundary conditions and continuous stiffness profiles.

Weight-Based optimisation with additional constraints.  

Predicted Stress Uniaxial Compression 
Comparison of FEA and Analytical

Efficient Analysis 
Technique with Order of 

Magnitude Speed Increase

Variation of Debonding Load 
For Uniaxial Compression 

T-Stringer Under Uniaxial Compression 
FEA Analysis for QI laminate

Growth of Feasible Space Showing 
Buckling Load Reduction 

 Interaction Between Thermal 
and Buckling Restrictions
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Polyurethane foams have multiple uses depending on the foam rigidity and open 
cell vs closed cell structure. These range from thermal insulation to food packaging 
and upholstery. The properties shown by the foam can be enhanced through the 
addition of a filler or by converting the system to auxetic phase. This project looks 
at enhancing the vibration dampening properties of polyurethane foams through the 
addition of clay nanorods to the synthetic precursors. 
 

FABRICATION OF POLYURETHANE 
NANOCOMPOSITE FOAMS FOR VIBRATION 

DAMPENING 
Ellen Pope, Fabrizio Scarpa, Jeroen van Duijneveldt 

Polyurethane Foams 

 

 

• Optical and electron microscopy have been used to 
investigate the open cell structure and cell size..  

• Sizing of cells show a decrease in cell size upon addition 
of nanorods. 

Supported by 

PU 
Foam 

PU foam with sepiolite nanorods 

Optical 
Microscopy 

SEM 

Sepiolite Clay 

 

500 nm 

• Channels in crystal structure of 
clay nanorods are large enough to 
fit dyes/small molecules. 

• Naturally form gels, can form 
nematic phase with correct 
stabiliser. 

• Rods have high aspect ratio and 
high polydispersity. 

• Can be easily incorporated into PU 
foam precursors 

E. Galan. Clay Minerals, (1996). 31. 
443-453 
Gao, L. et al. Polymer Degradation 
and Stability 2014, 101, (0), 92-101 

 
A polyurethane open cell foam 
has been successfully 
synthesised both with and 
without sepiolite nanorods as a 
filler. The sepiolite rods were 
added to the foam system 
through the addition of the clay 
to the precursors before 
foaming. Optical and electron 
microscopy were then used to 
investigate the change in 
morphology upon addition of 
nanoclay. Mechanical testing of 
the systems is currently 
ongoing. 

Summary 
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Taking a counter-propagating wave approach, a new type of device was developed to enable the
ultrasonically assisted fabrication of thin layers of anisotropic material. Both a temperature controlled
polymerisation mechanism and a photo-initiator system proved to be suitable for curing. The mechanical
response of these ultrasonically formed composites was characterised in a simple tensile test. Structural
anisotropy was clearly demonstrated, together with a 43% difference in failure stress between principal
directions. Finally, the acoustic radiation force was analysed, and a finite element optimisation study
identified key design parameters to further enhance device performance and improve composite
manufacturability.

ULTRASONIC ASSEMBLY OF SHORT FIBRE COMPOSITES

Marc-S Scholz, Bruce W Drinkwater, Richard S Trask

Supported by

2 - Composite manufacture

Short glass fibre (Ø 14µm, L: 50µm) composites 
manufactured via the ultrasonic assembly process. Glass 
particles arranged into strands of unidirectional 
reinforcement across range of polymer matrices, 
including agar, silicone, polyester and epoxy.

• Short fibre reinforcements positioned and aligned by 
pressure variations in acoustic standing wave fields

• Fibre volume fractions estimated to be 9.0 ± 2.0%, 
using µCT analysis

• Low viscosity resin systems generally preferred to 
minimise assembly time

1 - Ultrasonic device

Device allowing for rapid and 
repeatable fabrication of 
anisotropic composite lamina 
developed. Two opposing PZT 
plates serve as acoustic drivers 
and are isolated from central fluid 
cavity by disposable PMMA frame.

• Optical access for photo-curing

• Water backed system as heat 
sink

• Variable layer thickness

4 - Modelling device performance

Finite element study conducted to identify 
key parameters in design of ultrasonic 
devices. COMSOL Multiphysics package 
used to couple together equations of 
structural mechanics, piezo-electric 
devices, and pressure acoustics in single 
model.

• Radiation force analysis at 2.17MHz 
and 10V based on Gor’kov

• Prediction of 6nN forces on 25µm 
spherical glass particles in water

• Higher PZT efficiency for air backed 
system, suggesting doubling of 
acoustic radiation force magnitude

• Large PZT misalignment tolerance to 
maintain shape and quality of acoustic 
field

3 - Structural anisotropy

Single glass fibre reinforced epoxy lamina with 
dimensions 13.6 x 13.6 x 0.5 mm3 characterised 
mechanically, in tension. Structural anisotropy 
demonstrated, having observed 8% difference in 
stiffness between principal directions.

• 43% improvement in strength found for 
samples loaded in direction of fibre 
reinforcement

• Fibre reinforced samples exhibited brittle failure

Figure: Top - device schematic. Middle - device representation by 
material layers. Bottom – experimental device setup. [1]

[1] M.-S. Scholz, B. Drinkwater, and R. Trask, “Ultrasonic assembly of 
anisotropic short fibre reinforced composites,” Ultrasonics, vol. 54, no. 
4, pp. 1015–1019, 2014.
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Figure: Ultrasonic assembly of glass particles into strands of unidi-rectional reinforcement. A
typical cross-section is presented in the form of a µCT image. [1]
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Figure: Acoustic pressure distribution in device. Maximum
radiation force on 25µm spherical glass particle in water
calculated to be 6nN.
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Currently production waste is mainly thrown away or shredded for use in low value 
applications. The aim of this work is to reduce this, by using waste reinforcement to 
produce high value structures, in this case crash structures. The waste NCF carbon fibre is 
cut into “coupons” and reformed in a regular pattern. Element tests have been performed 
on reformed material - showing a knock down in ultimate strength but introducing a “knee”
in the stress-strain graph that suggests potential for energy absorption. Quasi static tests 
have also been performed on tubes made using the reformed material with progressive 
crushing showing energy absorption similar to continuous GFRP. These initial tests show 
promise in the concept, but the SEA of the tubes can be further improved.

REFORMING COMPOSITES FROM SCRAP 
MATERIAL FOR ENERGY ABSORPTION PURPOSES

Jamie Snudden, Carwyn Ward, Kevin Potter

Target structure and performance:
•Euro NCAP frontal impact test:

o 40mph initial velocity, deceleration rate 
of less than 20G

o 5mph faster than European legislation
o If Energy absorption values are too 

high, deceleration rate will be too high
NCAP frontal impact test

ACKNOWLEDGEMENTS: Andy Smith (McLaren Automotive), Ian Chorley (Bristol)

Tensile and Compressive element tests:
•“Knee” in stress strain graph present for tensile 
tests
•Ultimate strain higher in samples with 100mm 
coupons
•Compressive test samples characterised by 
number of discontinuities in the gauge length, the 
more discontinuities the lower the ultimate strain

Stage 1: Element and crush tube tests:

“Crash Tube” quasi static testing:
•Crash tubes made up of biaxial and coupons
•Test: quasi-static conditions at approx. 18mm/s
•Rapid ply drop offs included to initiate progressive crushing
•Thickness increases down the length to investigate the effect 
of locally increased volume of material
•Both biaxial and triaxial tubes absorb approx. 31kJ/kg, similar 
to continuous glass fibre

Lay up Method:
•Waste NCF material cut into coupons, laid up in a regular 
pattern so the discontinuities are consistent across the 
laminate
•50mm and 100mm long UD coupons cut
•Infused using resin infusion (SP Prime 20 LV)

Lay up pattern for coupons

Tensile (l) and Compressive (r) test results

Crush tube test results
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A multiscale model has been developed, with the use of a representative volume element
(RVE) and periodic boundary conditions, to study the large strain behaviour of a neo-
hookean material reinforced with an anisotropic neo-hookean constituent.
Significant interest is currently engaged in the exploitation of nano-dimensioned fillers due
to their large specific surface area and excellent physical properties. When there is a
preferential orientation for anisotropic fillers the overall response of the material can be
highly non-linear. A greater understanding of the underlying behaviour would be of use in
exploiting better performance in smart devices and actuators.

AN ABAQUS MULTISCALE FRAMEWORK FOR 
MODELING THE LARGE STRAIN BEHAVIOUR OF 

REINFORCED COMPOSITES
David Stanier, Jacopo Ciambella, Sameer Rahatekar

Supported by

EAP Induced Bending

Smart Damping

Localised Flexibility

Micro-Motors

Electro active polymer 
utilises stiffness variation

Optimised properties for  
rubber gaskets

Localised flexibility for hinge 
mechanisms and morphing

Uses extend to 
biomedical applications

The initial experiments with 
nickel-coated carbon-fibres 
in a natural rubber matrix show:

• Magnetic tailored filler orientation

• Small strain stiffening

• Large strain orientation

• Lateral and longitudinal stiffening effects

AND

High stiffness 
retains shape

High damping, 
low stiffness

Initial 
shape

Final 
shape

Stretch 
applied 
through 

EAP

Movement mechanisms
Bending                  Twisting

Post-processed optical images of selected specimens

Experimental: Fibre Orientation in a Rubber Matrix

MULTISCALE MODELING of Non-linear Materials
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Highly non-linear 
behaviour captured

(1) Linear perturbation step used on the RVE to 
construct the tangent stiffness matrices

(2) The global structure is deformed
(3) The deformation gradients are passed 

back to the RVE

(0) Constructing the global 
structure. Each element represented 
by an RVE with refined detail.



Ductile Carbon Nanotube Fibre Composites 
 Programme Grant 

J.A. Trevarthen1, D. Janas2, M.R. Wisnom1, K.K.K. Koziol2, S.S. Rahatekar1 

Key Challenge: To produce high-performance 
composites with ductile CNT fibres 

• High performance CNT fibres are electrically 
conductive and have specific strength, stiffness 
comparable to conventional fibres 

• Strains to failure of >5% possible by 
incorporating polymer to stabilise CNT-CNT slip 

• Problem: Existing processes too complex 

• Solution: Replace with simple process: 
infiltration from polymer solutions 

• Result: >90% strength increase, 50% strain-to-
failure increase (Figs. 1,2) 

• Problem: Interface unfavourable due to fibre 
surface chemistry and porous structure 

• Solution: Exploit porosity by infiltrating fibre 
with matrix, producing an extensive, diffuse 
interface  

• Result: Effective stress transfer efficiency 
observed during single fibre fragmentation 
testing, with continued adhesion at very high 
strains (>13%) (Figs. 3,4) 

• Improved strain to failure and an effective 
interface are achieved by fibre infiltration 

• Infiltration from polymer solution is simple, 
quick and effective – could the same process 
be used to introduce matrix for prepregging? 

• Aim: combine fibre synthesis, matrix infiltration 
and prepreg production in single, continuous 
process (Fig. 5) 

Producing an Effective 
Interface 

Ductile CNT Fibre 
Development 

Next Step: 
Producing Composites 

Fig. 3 – Birefringence patterns 
around CNT Fibre fragments in 

a thermoplastic matrix, 
showing no debond even at 

13.4% strain 

Fig. 4 – A pulled-out CNT 
Fibre, coated with polymer 
sheath: the new interface 

structure ensures that 
interface failure is cohesive 

Fig. 2 – Mean strengths and strains 
to failures of unmodified, 

polycarbonate infiltrated and 
polyurethane infiltrated CNT fibres 

Find Out More: 
james.trevarthen@bris.ac.uk 

Fig 5. – Schematic of a proposed process for production of ductile CNT 
fibre composite. All aspects of composite production are included in one 

step, from fibre synthesis, to matrix infusion and prepreg production 

Fig. 1 – Typical stress-strain 
behaviour of unmodified and 

polyurethane infiltrated CNT fibres 

1 University of Bristol, 2 Cambridge University 

Polymer infiltration stabilises CNT-
CNT slip within the fibre, 

increasing fibre failure strains and 
strengths 



 

 

The IDC aims to provide the UK composites manufacturing industry with Research 

Engineers equipped with the necessary advanced technical and leadership skills required 

for effective adoption of new knowledge and technologies in composites manufacture. 

Propose a project: 
The IDC is continually looking for opportunities to work with companies to develop new 

Engineering Doctorate (EngD) projects for industry-employed and industry-sponsored 

Research Engineers.  

 

Suitable projects can be proposed at any time. Academic partners within the IDC can help 

with the formulation of project proposals. The sponsoring company is fully involved in the 

selection of a suitable candidate. 

epsrc-cimc.ac.uk/idc 

 Work with a highly skilled and 

academically capable Research 

Engineer 

 
Exchange cutting-edge ideas with 

leading academics 

Sponsor a four-year project contributing 

directly to your company’s commercial 

research priorities 

EPSRC Industrial Doctorate Centre  

in Composites Manufacture 



 

 

Key benefits: 

 Working with a highly skilled and academically capable Research 

Engineer who is based with the sponsor for the duration of the 

four-year project, contributing directly to the sponsor’s 

commercial research priorities 

 Constant flow of cutting-edge ideas between the sponsor 

organisation and leading academics within the relevant field 

 Taught courses ensure the Research Engineer brings 

considerable specialist technical knowledge and capability to the 

project 

 Scheme supported by funding from the Engineering and 

Physical Sciences Research Council (EPSRC) 

 Continuous recruitment and flexible taught component 

delivery 

 

Sponsor commitments: 

 Commit £20k p.a. in cash per Research Engineer for four years 

(£17k p.a. for industry employees) 

 To fund and supervise the research project over the duration of 

the four-year EngD programme, and to release the Research 

Engineer for study and attendance at taught courses (25% of 

the Research Engineer‘s time) 

 Within the company, to treat the Research Engineer as an 

employee, working normal company hours and entitled to 

normal holiday periods 

 

Contact details:  
Professor Ivana Partridge, IDC Director 

idc@epsrc-cimc.ac.uk 



Advanced Composites Centre for Innovation and Science, 
University of Bristol, Queen’s Building, University Walk, 

Bristol BS8 1TR, UK 

http://www.bris.ac.uk/composites 
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