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UK-ARC Aims

Engineering and
Physical Sciences
Research Council

Supported by the UK’s Engineering and Physical Sciences Research Council (EPSRC)
with the aim to provide:

Industry/
ADS/Sector

A single point of contact into aerospace and aviation research.
Development and delivery of excellent research, aligned with the sector.
Strengthende international collaborative research relationships.

Coordination for development of world-class university strategic facilities.
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Nurture the future aerospace technology skills.

A growing network of experts working across aviation and aerospace
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UK AEROSPACE

=7 Rationale

* Responding to urgent climate change stimulus Engineering and Natural
for research Physical S¢*-~--- *---“*-3nment

Research C irch Council
* Getting better alignment with industry on
priorities and impact route _
 Comparing notes with like-minded researchers s gy, A
internationally
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* Undertake excellent research

Tomorrow’s Engineering
Research Challenges

Vislons from the UK Research Community

R e e s e 5 Net Zero

The Aerospace Growth Partnership

Jet Zero
Strategy

Delivering net zero = - . " 5
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UK AEROSPACE

s Astrong net zero focus, linking with industry

UK-ARC thematic groups
& sub-theme topics

Composite structures
ATM & Ops improvements Metallic structures

SAF supporting infrastructure ' Conventional propulsion

Air Transport More Energy Efficient Aircraft

Airline and airport business models Aeroacoustics

Airport & infrastructure

Airline operations

Advanced air mobility & connected city ! Aero-structuralenablers

Economics Novel aircraft configurations

Social acceptance Multidisciplinary design

Network connectivity
UK-ARC
Production & pathways o Hydrogen H, at airport
Performance wo rkl ng

Environment

Supply chain \( Sustainable Alternative Fuels Stru Ctu re Thermal management

Storage & stability / Management of mixed energy sources

Market & business Optimal power systems
Life cycle analysis | Safety, certification, & regulation

T Optimised platform architectures
Electrification

Materials design \ Energy storage technologies

Simulation/modelling . . ' Integrated power electronics & electrical machines
Materials and Manufacturing

Optimal power systems

Materials characterisation & testing

Materials and Manufacturing Life-cycle analysis
Lightning protection
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o/ Qutputs — e.g. Material and Manufacturing

Theme narratives on needs & priorities being tested with ATl, HYMC and industry
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ELECTRIC MOTOR ROADMAP Key

i stitute - FlyZero - Electrical Propulsion Systems - Readmap

Electric Motor

AT| Electrica
> e systems Roadmaps
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Magnetic Material
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Research facilities

e Access to labs and facilities
* A national resource

* Joint working with industry
and academic partners

* Responding to the
challenges of tomorrow

* Drawing though future
engineering talent
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RESEARCH CONSORTIUM
CONSORTIUM /'4 __/
UK- Aerospace Research Consortium International

The UK-ARCis committed under its Network Grant from the EPSRCto establish anew international exchange
programme between the UK- ARCearly career researchers (ECRs) and international research organisations, to create

L]
aninternational network of researchers and foster new collaborations. This closer engagement, cross-fertilization
of expertise and the project development helps to strengthen UK university capabilities, enhances academic careers
and delivers value toindustry.

We want to know about your research needs and to help determine how UK- ARC universities can help you. Examples
of secondments being supported by the UK-ARC

* Linking internationally to leverage relationships and boost = Prifysgol _—

o R ' Abertawe Billilg
activity on common goals Swansea UNIVERSITY
N University JVIRGINIA

e Supporting secondments to build capability and support career
Understanding the wider aerospace requirements of Ceramic matrix Composites - Asecondment at the Rolls- Royce

d eve I (0] p ment University Technology Centre (RRUTC) based at the University of Virginia (UVa). UVafocuses on ceramic matrix
composites (CMCs). The secondment will merge Swansea expertise in advanced mechanical testing and behaviour
with UVa advanced characterisation techniques and experience in CMCenvironmental degradation.

Vé University of ONERA

ed BRISTOL — o ——
THE FRENCH AEROSPACE LAB
Investigation of novel acousticliners for propulsive noise mitigation- The secondment will investigate and better
understand, design and development of novel liner configurations as an effective means for propulsive noise control.
The secondment combines Bristol knowledge of design and manufacturing of liner materials and quantifi cation of the
D L Ft material porosity and ONERA detailed acoustic and fl ow testing to support designs for lower engine noise.

QUEEN'S TECHNISCHE
UNIVERSITY UNIVERSITAT
'/ BELFAST DRESDEN

Integration of novel aircraft and propulsion systems - The secondment builds on novel multi-fidelity modelling and
design research at QUB linking with Technical University of Dresden ( TUD) integration expertise for novel aircraft
propulsion. The aim is to enable more informed performance evaluation and deeper understanding of the interaction
between novel aircraft and propulsion systems.
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INTERNATIONAL 18-22 JULY 2022

WWW_ u karC_ aC_ u k Scan to visit the website:
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R Thinking about the future

Considering what the next phase of UK-ARC should look like?

 Community, relationship and narrative building project building aligned with
industry
* Mainly internal UK focus strengthening research connectivity internationally.

Sharing knowledge to build alliances of common interest

* Aerospace research broader dependencies, e.g. non-CO2 science,
ATM,energy, cross-seclor knowledge transfer, economics and social aspects

* Research on future tech & ops supporting skills development and future
leaders needed to drive aviation sustainability
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Advancing UK Aerospace Research through University Collaboration
UK-ARC facilitates and promotes value-added aerospace research projects across university houndaries

L]
and with the sector. As a growing community with a net zero focus, UK-ARC connects experts and I h a n k yo u fo r yo u r a tt e nt I O n
stakeholders, expands use of university research facilities and builds international collaborations.
Roger Gardner: r.gardner@cranfield.ac.uk, tel: 07831 174503 .

Donna Lynch: donna.lynch@cranfield.ac.uk

www.ukarc.ac.uk

Interest to discuss common research interests and collaboration
opportunites

* UK still seeking association to HE but trusting for UK Government continued
guarantees
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=7 UK-ARC electrification theme

* Led by University of Nottingham

e Survey of UK-ARC universities on status of research development,
gaps and needs

* Initial workshop to refine work areas to spur project definition

* February ‘23 workshop to refine the narrative to ensure logical TRL
and interface and strategy alignment with ATl and companies.



Sub-divisions:

= PROPULSION

= ON BOARD SYSTEMS

= ENERGY MANAGEMENT AND
ENERGY STORAGE



PROPULSION RESEARCH
PRIORITES

Electrification of research priorities - from workshop

Propulsion Research Priorities

Optimal power system hybridation that minimises CO2 emissions

Integration of machines, power electronics in the engine

Research to determine the best architecture for each platform - distributed, parallel or series

Certification and early flight tests

Rapid demonstrator platforms

HIL/SIL testing of components

Integrated power electronics/electrical machines - design, optimisation, topologies

Heat management technologies

Integration of electric and thermal systems

Gas turbine embedded mega watt and elecrical machines

Faults

Movel materials and manufacturing processes for light-weighting

Hydrogen

Safety and reliability

Hydrogen - fuel cells, storage, cryogenics, tanks

High voltage power systems

Electrical insulation systems and management (HV, envircnment)

Battery technology - increasing energy density

55PCs as an enabler for HYDC systems for electric propulsion

Recyclability - through life design




ENERGY STORAGE AND
MANAGEMENT RESEARCH
PRIORITES

Electrification of research priorities - from workshop

Energy Storage and Management Research Priorities

Early fault detection/prognostics

Battery certification

Determine the best energy storage devices for propulsion systems - batteries, fuel cells?

Safety and reliability of energy storage and management systems

Life cycle - are batteries really sustainable

Fast charging

system integration

Integration of mixed energy sources and management of such (electrical, thermal, chemical, nuclear, liquid etc.)

Allowing for different battery types
Thermal management (heat) within the overall energy management system of aircraft

Flight critical energy/thermal management within integrated systems




ONBOARD SYSTEMS
RESEARCH PRIORITES

Electrification of research priorities - from workshop

On Board Systems

Communications - similar to 5G

EMC/EMI cyber security

Cabling - lightweight, high current/voltage, thermal

Safety and back-up systems - non-electrical fail-safes and implication for design of electrical systems

Lightning protection

Secondary systems - advanced control and optimisation of individual systems

Secondary systems - low/no power ice protection

Secondary systems - thermal management, reuse of thermal and recovery

Maximum electrification and automation for power energy management

Voltage and power levels for safe, efficient systems

Infrastructure integration - charging mechanisms and onboard power storage

Thermal integration

Trade-off tools

Actuators




RESEARCH PRIORITIES -
HEADINGS



PROPOSED RESEARCH
HEADINGS

Thermal management

Management of mixed energy sources

Optimal power systems

Safety, certification and regulation

Optimised platform architectures

Energy storage technologies

Integrated power electronics and electrical machines
Optimal power systems

Life-cycle analysis

Lightning protection



GAPS IN FACILITIES/CAPABILITIES



GAPS IN FACILITIES AND ENABLING
TECHNOLOGIES

Are there any
‘additional CURRENT GAPS IN ENABLING
facilities/enabling TECHNOLOGIES
technologies gaps to
add

CURRENT GAPS IN FACILITIES

Hydrogen and helium test facilities
Large scale aerospace system test
facilities;

Material characterisation facilities
Rapid prototyping facilities
Representative flying demonstrators
Ground Test Facilities at system level
There is a good coverage of PEMD
facilities in the UK, the issue is more
around access and capacity

Core technologies and their integration
Understanding of dynamic behavior
Transient and integrated control of hybrid
systems

Linking material innovation to electrical
technologies




KEY MESSAGES:
UK AND INTERNATIONAL



KEY MESSAGES FOR UK GOVERNMENT AND UK FUNDERS AND
INTERNATIONAL SECTOR STAKEHOLDERS

R/ 4
Lack of fundamental research and facilities for hydrogen in aerospace

Highlighting technology roadmaps prioritising funding needs for different air vehicle classes decarbonisation

The importance of integrated aircraft thermal management.

More funding at low TRL but for integrated and multidisciplinary systems (High Risk and High Reward
technologies)

A joint initiative between EPSRC and ATI to bridge the gap between TRL 1 (EPSRC) and TRL 4-6 (ATI).

Invest in research infrastructure and facilities

Need for international collaboration to access full capabilities of some energy storage technology

Funding landscape is complex with synergies between ATI, APC, DER..... Danger of overlap and inefficiencies as
different schemes compete for government funding.

Encourage the EPSRC to invest more in Engineering, for example centres for doctoral training priorities seem
heavily biased to sciences rather than engineering practice

Commuter category, short haul electric Part 23 transports are a perfect fit for the scale of the UK;

Battery electric domestic air transport network might be economically very compelling into the 2030s;

New energy storage and convergence needs to be coupled with new airframe technologies as well as new aircraft
configurations to enable longer range zero emission flight

There should be greater opportunities for IUK/ATI funding for academic-led, mixed academic-industrial consortia
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