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Technology Readiness Levels - Description

TRL1 Basiqorinciplesobserved
TRL2 Technol@y concept formulated
TRL3 Experimentaproof of concept
TRL4 Technologyalidatedin lab

TRL5 Technologyalidatedin relevantenvironment(industriallyrelevant
environmentin the caseof key enabling technologieg

TRL6 Technologydemonstratedin relevantenvironment(industriallyrelevant
environmentin the caseof keyenablingtechnologies)

TRL7 Systenprototype demonstrationin operationalenvironment
TRL8 Systencompleteand qualified

TRLO Actualsystemprovenin operationalenvironment(competitive
manufacturirg in the caseof key enabling technolagies or in space



Technology Readiness Levels — Description
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TRLL Basigorinciplesobserved
TRL2 Technologyonceptformulated
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Dowlingreport — UKfundingcomplexitymap



Engineering@nd PhysicabciencefkesearciCouncill

Themajority of EPSR@o0neyis usedto fund researchdirectly
with the Universities
Howeverthere are key schemeghat supportB kJ* engagement
— CASPhDstudentship(CooperativeAwardin Scienceand Engineering)
— DTQDoctord Training Centres)
— IDT{Industrialdoctoraltraining centres)
— EngD- Engineerinddoctorate
— Strategicalliance

*Businesgo University



InhovateUK

InnovateUK
— Originallythe “TechnologyStrategyBoard”
— Createdto promote collaborativeresearch.

Grantssupportthe researd programmewith up to
50%funding

More than half the total funding flowsto Univergties

Canfund B B (Busines$o Businessor B tJ (Business
to Universityprogrammes



UKCataults

 Anew constructdesignedo createindustriallyrelevant
researt centreswith strongtiesto Univergties
— Modelledon the GermanFraunhofernstitutes

 Fundingmodelwas1/3 1/3 1/3

— Onethird direct Governmentgrants
— Onethird fundingwon competitively

— Onethird industryfunded



UKCataults

o Currentcatapults



Royal Acadeny & Royal Sociey

Professionabodieshavethelr own schemes

RoyalAcademyResearclChairsand Senior
Researclhellowship

RAIndustrialsecondmentsScheme
RoyalSocietyindustrialFellowships




EurgeanHorizon2020

Thelatestof the EuropeartFramework
Programmes”™

Severyearprogrammestartingin 201=%

€80Bn

Fundingcanbe 100%0f direct costplus25%
of overheads



Horizon2020Example- CleanSky



ROLLS-ROYCE CASE STUDY






Research Network 1990

Solid Mechanics
Oxford

Vibration
Imperial College




Benefitsof UniversityResearclenvironment

Specialisedkills
‘Timeto think’
— Escapdrom shortterm problems
Challengaanddialogue
— Multl sectoralperspective
Longterm capabilitydevelopment
— Recruitment& training skilledpersonne



Critical success factors

Partnershipwith Governmentagencies
— Fundingandsupportfor universityinfrastructure
— Supportfor complementarybasicresearch
— Supportto attract keyresearchers

Upfront agreementon IPR publication, etc.

Jointreviewand measuremenbf quality, results,IPR
capture,technologyandskilledstaff transfel

Customisatiorof approachfor different countriesand
cultures



Research Network 2000

(@) Heat Transfer and

Aerodynamics
. o Xi'an China

Electrical Power Systems Systems & Software Engineering
Strathclyde York
Gas Turbine Transmission Control & Systems Engineering
Systems Nottingham Sheffield
Materials Partnership Solid Mechanics Manufacturing Technology
Cambridge, Birmingham Oxford Nottingham
CFD Damping
Oxford Sheffield Turbomachinery, Whittle Lab
Performance Cambridge
Cranfield
Combustion Combustion Aerodynamics UTCS
Cranfield Louahborouah
Heat Transfer and Aerodynamics
Design Partnership Oxford (Osney lab)
Cambridge, Sheffield, Southampton ) )
rido : . P Vibration
Imperial College
N Aero-Thermal Systems

Southampton Sussex




Global Research Network 2015

High-Mach Propulsion
Purdue, USA

Adv. Material

Cooling and secondary flow
Karlsruhe

Performance in a Seaway
Trondheim

Lightweight Structures

Hydrodynamics and MaterialODresden

Heat Transfer and
Aerodynamics
Xi'an China

©)

Chalmers, Gothenberg

Multidisciplinary Process
Integration Cottbus

Combustor and Turbine
Aerothermal Interactions

o

Systems
Univ. of

Adv System Diagnostics
Virginia Tech

Fuel Cell Systems
Genoa

Darmstadt

Thermal management

Virginia

Gas Turbine Transmission

Systems

Nottingham

Materials Partnership Solid Mec

Cambridge, Birmingham & Swansea

Nuclear Engineering
Manchester

Performance
Cranfield

Electrical Power Systems
Strathclyde

hanics
Oxford

Advanced Electrical Machines and Drives
Sheffield

Electrical Systems for Extreme Environ
Manc

Composites

Bristol

ments
hester

Computational Engineering
Southampton

Vibration
Imperial College

PNU Korea

Control & Systems Engineerin

Rolls-Royce Lab@NTU
Singapore

Sheffield I

Manufacturing Technology
Nottingham

ine Partnership (UGTP)
Cambridge

Combustion Aerodynamics
Louahborouah

Heat Transfer and Aerodynamics
Oxford (Osney lab)

Thermo-Fluid Systems
Surrey

Noise
Southampton

Nuclear Engineering
Imperial College

UTCs




Deliveryof CapabilityAcquisition

Research - UTCs Validation

TRL

CRL S

Pre-production - AXRCs




Conclusion

e University& Industrycollaborationisathree r
way pact

— University+ Company+ Governmen

e Togetherthey canachievemorethanthey
coud individually

e Thishelpsto bridgethe “Valley of Death”



