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Overview

This EPSRC/ATI project was not specifically focussed on 
aerostructures for Hybrid-electric or Electric Aircraft.

It was focussed on ATI stated priorities in the 5, 10 & 15 
year timeframes for composite structures. 

The work carried out is applicable to Hybrid-electric or 
Electric Aircraft as these will have more stringent weight 
targets for structural mass than current aircraft.

In addition to reporting on the work carried out in the study 
some issues of particular relevance to the challenges of 
composite airframes for Hybrid-electric or Electric Aircraft 
will be considered.



ATI Priorities



Next 5 years



Next 10 years



Next 15 years+



Funded Projects

• Six short projects were funded addressing a range of the 
medium to long range targets

1. Developing interply toughening strategies
2. Multifunctional composite aerostructures
3. Exploiting aeroelastic deflections for improved aircraft 

performance
4. Bolted joint behaviour in pseudo-ductile composite bolted 

joints
5. UK Aerocomposites technology and supply chain 

development roadmap
6. Certification for design: reshaping the testing pyramid

Universities involved: Bath, Bristol, Imperial, Nottingham, 
Southampton, Swansea, West of England



1. Developing interply toughening strategies

• This project addressed issues of 
improving damage tolerance to 
permit mass reduction without 
loss of structural integrity or 
safety

GIC plot – One representative 
sample of each is shown.



2. Multifunctional composite aerostructures

Aim: 
• To demonstrate and assess the current function, capability and TRL 

for an embedded functionality capable of damage detection and 
mechanical recovery in a typical structural aero-composite design 
feature e.g. T-joint or stringer run-out feature. 

Objectives: 
• To implement and assess the performance of: 

– (i). a functional, damage sensing, self-healing, recovery validation 
system within a representative FRP aero-structural design feature 

– (ii). an embedded sensor, capable of detecting early onset of damage 
within a FRP structural feature 

– (iii). a self-healing capability, capable of mitigating matrix damage 
within a FRP structural feature 

– (iv). an embedded sensor, capable of validating mitigation of damage 
within a FRP structural feature 



2. Multifunctional composite - Conclusions

• Sensing and healing technologies successfully implemented into a 
scaled up demonstrator concept panel

• Pristine, damaged, healed and post healed damage modes identified 
via embedded guided sensors

• The embedded bulk wave sensor shows the sensitivity to detect 
damage, however, some further post processing required to account 
for the microvascular channel features (Benefit to healing resin d.o.c)

• The high recovery of mechanical performance (“healing”) validated by 
mechanical testing

• As a multifunctional system (i.e. sensing [TRL 4/5] and healing [TRL 
3]) the research can be considered to have a TRL of 4

• Further potential to exploit sensor capabilities to assist the 
development of self-healing technologies via cure and in-situ 
monitoring  GUI interfaced approach



3. Exploiting aeroelastic deflections - Scope

Energy harvesting
• Optimal design & manufacture of 

a lightweight PZT material
• Optimal distribution of the PZT & 

EH performance prediction
• Energy-storable lightning 

protection layer

Small-sized wing 
demonstrators

Non-conventional fibre 
orientation, Fibre steering
- More design flexibility

Advanced aero-performance
- Lower fatigue stress, higher flutter & 
divergence speed, lower gust loads

Self-sensing
- Converting the vibrational deformation 
into electrical energy powering sensors

Future wingFuture wing Aeroelastic tailoring
• Multi-disciplinary design 

optimisation of composite wings
• Manufacture of fibre-steered 

composite wings
• Demonstrate the performance in 

the wind tunnel



3. Exploiting aeroelastic deflections - Conclusions
Aeroelastically Optimised Wing
• World-first wind tunnel test of the fibre-steered composite wing
• Its design, analysis and manufacturing capability were successfully 

demonstrated by the wind tunnel demonstrators.
• The fibre steered design significantly reduced the strain level 

compared to the optimised straight fibre wing.
Energy Harvesting and Energy Storage
• The constitutive model for the lightweight porous PZT material was 

successfully validated as well as the performance prediction capability.
• The feasibility study of the capacitive LSP showed promising results.

Publications (2 conference papers accepted)
Experimental validation of tow-steered composite wings for aeroelastic design. IFASD, 25-28 June 2017, Como, Italy.
Experimental validation of porous piezoelectric energy harvester. 8th ECCOMAS, 5-8 June 2017, Madrid, Spain. 

Future Project
Scaling up of the wing to explore broader design space

Future wing with curved fibre-steered structural components

Light self-powered aircraft sensors for health monitoring



4. Bolted joint behaviour - specimens

• Very significant numbers of 
bolted joints are used in 
aircraft design

• Current composite joint design 
methodologies take a rather 
conservative approach which 
adds both cost and mass to 
composite structures

• This project looked at load 
sharing in a range of bolted 
joints including those using 
pseudo-ductile composites to 
support a reduction in 
conservative design.
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5. UK Aerocomposites roadmap - Scope

• How should we best target future funding for aerospace 
composites research?
– Long development timescales – need for early positioning for new 

programmes

• Supporting High Performance Composites Group actions:
– Work with ATI to map out a composites roadmap outlining and 

prioritising a programme of work to deliver aerospace technology 
requirements 

– Facilitate development of the UK based supply chain to deliver to 
future industrial requirements. 

– We need to recognise that Hybrid-electric or Electric Aircraft 
developments require an effective supply chain to be developed to 
support commercialisation

April 5th 2017
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5. UK Aerocomposites roadmap - Initial results

• Some initial areas of commonality:
– Material and process simulation
– Out of autoclave processing
– Preforming and associated dry fibre processing technology
– Thermoset resin development – mainly cure time
– Functionality – Coatings, graphene, electrical conductivity, morphing
– NDT & inspection seen as a significant limiting factor

• Problems
– Uncertainty over future programmes tied with long technology 

development timescales
– Supply chain heavily reliant on Airbus 
– Hard to draw a direct connection between technology area and 

actual components
– Have not been able to say where development would have to be 

completed to get on a new programme 



6. Certification for design 

• New materials or applications can generate a need to 
modify the design and certification processes.

• The introduction of composites led to a no damage-growth 
philosophy being adopted which can lead to very 
conservative designs to meet this requirement.

• This project was aimed at providing a methodology for 
better understanding the failure of more complex 
structures by a combination of manufacturing 
understanding, structural analysis and high fidelity NDE 
and experimentation.

• This then reduces the testing and certification 
requirements in support of permitting more integrated 
and less conservative minimum mass designs.



6. Certification for design - Overarching goal

 Devise a methodology referred to as ‘integrated high 
fidelity testing and multi-scale analysis’ to include:
 Measurement and simulation of complex multiaxial deformation 

states and the corresponding loading conditions 
 A quantitative characterisation of the limit states that 

lead/contribute to failure on higher (structural) length scale levels 
 Output from tests at higher length scales used for updating the 

computational models
 Validated data for failure under multiaxial stress states - improving 

predictions of failure models



Composites in Hybrid/Electric Aircraft

• The baseline for a hybrid/electric aircraft will have to be 
the use of primarily composite structure

• Greater emphasis will be put on minimising mass for 
Hybrid/electric aircraft – especially for all-electric designs

• Current composite materials, design and manufacture 
solutions will probably not be fully fit for purpose and 
must be challenged

• The projects carried out in this ATI/EPSRC programme on 
multifunctional composites, aeroelastic tailoring, advanced 
jointing and the interactions between design and 
certification will all contribute to the step changes needed 
in composite structures performance to deliver hybrid or 
all-electric aircraft 



Other system level structural design issues

• The structural solutions used in current large commercial 
aircraft are largely rooted in the current fuel and 
propulsion systems with wet wings carrying the 
undercarriage, and pylon mounted engines.

• The use of batteries rather than kerosine to store energy 
raises issues of system packaging which will have a major 
impact on the structural design.

• For example, does the structure have to be designed for 
removal, replacement or maintenance of battery packs?

• If swap-out replacement of battery packs is the refuelling 
option that will possibly drive the whole aircraft 
architecture, and hence the structural design



Other system level structural design issues

• Any changes to the use environment that are driven by 
the change to electric drive need to be understood

• Big conventional aeroengines are generally more 
power/weight efficient than small ones. 

• Is that the same for electric motors?

• Are we looking at 2 motors or 10? 

• Crash cases and the protection of the battery pack may be 
a particular issue and this is certainly a major design 
driver in automotive electric vehicles

• Need to identify the mass breakdown of a hybrid/electric 
aircraft to commence the structural design activity



Other opportunities for composites

• The EPSRC/ATI projects only focussed on aerostructures
• There are significant other opportunities for the use of 

composites in Hybrid/electric aircraft
• Propellers of maximum efficiency will have to be made 

from composites using some of the technologies studied in 
the EPSRC/ATI project

• Electric machines are typically made from dense materials 
that have been optimised for electrical rather than 
mechanical performance.

• The use of composite structural elements in the electrical 
machines should allow a significant mass reduction.

• Impact absorbing structures are likely to be a requirement 
around the battery packs, composites can outperform 
metallic options in this application.



Conclusions 

• The UK academic composites community will need to 
be a strong part of any future hybrid/electric aircraft 
developments 

• This set of initial studies have demonstrated some of 
the concepts that will need to be brought to fruition in 
support of those developments

• The next step needs to be to understand what 
materials, design and manufacturing challenges 
cascade down from a change of energy storage and 
motive power to identify the critical development path 
and a delivery roadmap



Conclusions 

• An industry / academia partnership needs to be 
created to ensure that the appropriate 
technologies, skills and supply chain are 
developed and pulled through into industrial 
practice

• The composites community would like engage 
with the other relevant communities to develop  
that shared vision


