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‘The AT

 The Aerospace Technology Institute (ATI) is the objective convenor
and voice of the UK’s aerospace technology community

 We define the national aerospace technology strategy

 We work closely with Government and industry to direct joint
funding into aerospace R&T projects that align with the strategy

* The Comprehensive Spending Review of November 2015 extended
the joint funding available to £3.9 billion over 13 years (to 2026).
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Our mission & goals

Through strategic investment in differentiating technologies,
secure the full economic potential of the UK aerospace sector

Technology investment Institute impact

Providing technology leadership and maximising
economic impact of R&T for UK aerospace

Leveraging the Institute to add value in the sector

Provide Technology Leadership Convene strategic partnerships

Define a UK aerospace technology strategy that
challenges industry, and create opportunities for
advanced technology programmes to drive the
growth of the UK aerospace sector

Engage with a broad spectrum of stakeholders to
challenge existing thinking, energise the UK
aerospace sector and unlock new value

Maximise funding Impact

Elevate UK’s international technology profile

Drive the UK’s aerospace R&T programme to

Promote the advanced capabilities of UK aerospace
maximise impact and embed benefits

technology and increase the UK’s influence within
European programmes and beyond
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Commercial In Confidence
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Aerospace Growth Partnership set the course

for continued success, leading to ATI
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Commercial In Confidence
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Technology Strategy and Portfolio Update 2016
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The UK aerospace technology strategy

Aircraft of the future

Priority Alrcralt va/ue
Streams

Process &
Tools

6 27 October, 2016 es > '?ggr?sopﬁgEGY
‘ INSTITUTE



+

Four strategic technology themes

Smart, connected and more electric
aircraft
AN\ S S st
\‘\f‘ Sl 3

Aircraft of the future
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Cross cutting agendas

Strategic Technology Themes

a2 ML D F .

High value design
PR —————

Smart, connected and more
e_!‘ectric aircraft
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Aerostructures or tne ruture
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Infrastructure
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The technology themes address all aspects of
the product ifecycle: design, development,
productian, through-life support and disposal.
The following pages provide a high-evel view of
how the ATl portfolio is delivering against these
and the opportunities for future research.

A number of these opportunities are consistent
with the Interests of adjacent sectors.

The Institute ks actively engaging with the

defence, space and automotive communities
to explore joint technology development and
exploitation. The Institute is also encouraging
closer alignment between university research
and the technological needs of industry, for
example working with the Engineering and
Physical Sclences Research Council (EPSRC) to
exchange perspectives, help shape strategies,
and identify opportunities for collaboration.

Bringing new technologies together as part of an integrated
system is essential to positioning the sector competitively,
Specifically, the Institute envisages the following major

integration initiatives;

= Ultra-high bypass ratic (UHBR) turbofan:
to validate an entirely new engine
architecture: a full engine system with
compaosite fan, power gearbox, high pressure
core and accompanying manufacturing
tachnologies will be tested. including the
capability to effectively integrate this new
generation of efficlent engine onto aircraft

Integrated wing:

to validate the next generation of high-
efficiency wing optimising the materials,
structure, systems integration and
assoclated high-productivity
manufacturing systems

= [ntegrated complex systems:
tovalidate in avirtual whole-aircraft
environment the integration of UK
advanced systems technologles, uniting,
the diverse systems industry and
academic research base to network
facilities and integrate technologles
Future propulsion concepts:
to investigate and evaluate the potential
of large scale hybrid turbo-ebectric
propulsion systems

These initiatives will stretch the sector's resources, capabilities
and ATl funding, necessitating smarter use of existing national
infrastructure and further capital investment.

They present an epportunity for UK suppliers
to gain competitive advantage and are linked
with the UK’s high-value manufacturing agenda
and factories of the future. This will require

the Institute to take a more active role, driving.
an ambitious vision and coherent approach,
particularly for wings and systems, but also

for design integration capabilities and
national infrastructure.

The Institute will drive these initiatives forward
through consultation with stakehaolders to form
major new collaborative ATI R&T projects.




In addition to the four main
technology themes, the ATI
and its advisory groups are
pursuing several major
cross-cutting agendas:

HIGH-VALUE DESIGN (HVD)

HVD encompasses the roles, tools, processes,
activities and facliities that are needed for
defining and integrating products. HVD Is
essential to securing UK aerospace leadership,
enabling suppliers to tackle the challenges

of future alrcraft development, and Influence
high-value engineering work and its assoclated
manufacturing, Ensuring the UK retains these
HVD capabilities Is pertinent during a period of
reduced new aircraft development. Working with
Industry, the Institute has committed resource to
define solutions which will secure this capability
In the UK.

DIGITAL ECONOMY

Connecthvity, new business models and lower-
cost high-performance computing are

Technaogy Srategy and Portisio Update 2016

transforming the Industry, Incdluding: high-fidelity
design; optimised flexible manufacturing: more
autonomous flight; higher-capacity alr traffic
control; more Intefligent through-life support.
Connectivity brings the challenges of secure
capture, management, analysis and exploitation
of big data — mastering these is key to future
value generation across the product ifecycle.
The Institute contributed views to the
Government’s digital strategy and is working with
the Digital Catapult, Turing Institute and a broad
range of stakeholders to develop a coherent view
of the way forward for aerospace.

ADDITIVE MANUFACTURING (AM)

AM enables truly functional design of mechanical
components, unconstrained by conventional
manufacturing technologles, with low waste.
The relatively low production volumes In
aerospace lend themselves to AM —for parts
and tooling. Challenges remain, to Increase
production rates, and standardise machinery
and materials, The Institute Is coordinating
the aerospace Input to the national Additive
Manufacturing Strategy, maximising synergles
with other sectors.

Autonomous systems will be critical to reducing
alrcrew workload and encbling higher-capacity,
safer alr transport systems. Fully-autonomous
vehicles offer cost advantages and will ultimately
open up new applications — the Government

has challenged the industry to accelerate their
safe introduction and Integration Into controlled
alrspace to ensure the UK is In the lead. To
deliver this vision, the UK will need to draw on
the capabliities of its strorg defence sector and
emerging civil businesses. The ATl is focusing on
autonomous technologles that offer broadest
benefits in civil aerospace, for example, sensing
and avoiding other alrcraft. The Institute is
supporting cross-sector knowledge transfer on
the autonomous transport agenda, through
engagement with the Transport Systems Catapult.

THROUGH-LIFE SERVICES

According to a 2016 study sponsored by BIS, the
UK aerospace maintenance, repalr, overhaul and
loglstics (MROL) segment Is worth £16 billion
per year. The ATI's MROL priorities Include the
development of technologles for integrated
vehicle health management (IVHM), repair

and Inspection, as these can reduce cost and
Improve in-service avallability. Through digjtal
technologies. IVHM Is enabling a transition

to service-based business models. Additive
manufacturing is being developed for repair of
components. The recycling and disposal of large
composite structures presents an opportunity
that will require new technology solutions. There
are gaps in through-life services technology

and the Institute will work with stakeholders to
understand these needs.
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AIRCRAFT OF THE FUTURE

This theme incorporates the design, integration, certification
and operation of aircraft and their interaction with the broader

air transport system.

The UK performs whole-aircraft design
integration within the civil helicopter and defen

segments, and provides leading capabllities
through universities, independent research

organisations and cx

sultancy. The activity

constitutes around 10% of the UK aerospace

nomic activity, however the
capabilities involved help to secure the sector

more broadly
Major aircraft subsystems designed and

manufactured in the UK are shaped by whole

aircraft design and integrat

n. Aerodynamics,
through simulation and test, determines the
geometry of an alrcraft and drives its structural
and control needs. These capabilities are
therefore important to the UK's position in the
global civil aerospace industry, and underpin
the UK’s
architectures bey

involvement in more radical aircraft
2030.

The global
need for improved fuel efficiency through
d safety and

vth of aviation is dnving the

optimised flight trajectories, impr
security, and accommodation of autonomous
systems. The Institute is working with other
UK organisations and internationally to develop
d techn
position the UK at the forefront of air transp

strategies

y needs that help to

t
system development.

Top 3 performance attributes to \ﬁf
address at whole-aircraft level Wide
by market segment Body

Cost

Fuel efficlency

Wt © Aeroapace Ty

oy

A number of initiatives are meeting aspects ¢
these challenges, including:

Advanced simulation and enhanced national

technology infrastructure

Flight deck systems to improve crew
workload and situational awareness, linked to

the development of alrspace management

Unmanned Aerial Systems (UAS), allied to the
UK Government’s Pathfinder p

airspace

PRIORITY OPPORTUNITIES
~AWHOLE-AIRCRAFT OVERVIEW

Over the next 15 years, demand

r more
mpetitive

Ti

efficlent, greener and cost-c

commercial jet alrcraft will driv

mproved
integration of more efficient turbofan engines.
Demand for more efficient and quiet turb.

rc

aircraft will also stimulate new technology. Future
helicopters need to be faster, safer, guieter and
cheaper to operate which will ultimately require
new archit

c

res. Securing whole-aircraft design

and integration capability will be essential in this

ntext, enabled b

(= y improved modelling tools,
design processes and appropriate experimental
facilities.

X X = 4 =

Narrow  Reglonaljet  Rotary Business UAS
Body & Tuboprop wing Jet

The evoiving civil UAS sector is sed on
developing beyond visual line of sight platforms

and the innovative business models enabled

by these aircraft. The Institute Is working

with ge
understand commercial opportunities for UAS,

rernment, industry and academia to

EARLY-STAGE RESEARCH OPPORTUNITIES

Targeting beyond 2030, more radical aircraft
concepts may harness boundary layer ingestion
(BLD and distributed propulsion systems to deliver

further improvements in fuel efficiency and nolse
The Institute will work closely with academic and
research establishments to align fundamental

research programmes, Including

New and novel whole-aircraft architectures

and operational concepts

Greater interaction between aircraft

nceptual and air transport system
modelling linked to the European Union’s
ACARE Flightpath 2050 goals

Human factors in the flight deck

Design and evaluation of the overall
aircraft system to better leverage ongoing

ponent and system research

CONCLUDING REMARKS

Enabling tincreased use of aero-elastic talloring,
laminar-flow systems and new types of
propulsion system will be important to improving
fuel efficiency and reducing nolise of aircraft.
Flight deck technologies will enhance the safety

and productivity of flight operations. The air

transport system will continue to evolve and

demand new technologies — including the

Introduction of UAS operations in controlied
airspace. The Institute is engaging with
government and industry to support these
developments

The UK's whole-aircraft capabilities are essential
to the sector’s overall success. The Institute is

working to build a more strategic approach to
sustaining and developing these capabilities, and
with universities Is shaping academic agendas
around industrial priorities. It Is also engaged In
the Greener by Design initiative and Sustainable
Aviation groups to contribute the Institute's
whole-aircraft perspective.




AIRCRAFT OF THE FUTURE

SECURE
£34m

I

Froject Example

ety and ronor tigs, and sanced

[

MEW ARCHITECTURES
Ehaing demansIaIneg)

TOOLS & METHODS KEY TECHNOLOGES

W -5 Fiibi ight MGy ASESAR) | W+ IRt ik homian Toses & Wi e N DTS

el <00 Mgt praifibes o vontacabe] g mcorhbond o Panigation, comimunications,
e Mgt Evirisas ancl i, 8
& el wineg Bz hilic s & Canapiisl Avcralt and i WA T (BN e, Wil

e
high aspecs ratia wings)

LT Mdscidling Vo IO

» SVENCH, NGl Mull-physics. (D s Technoiogy suppor i

et it sty whiodd ircaft GeansmiTnt LS Pathiindir

earhoeg: G cbramics, PAORTTHE.

BOREES, SITUCILIS, Nk

perbmance icing! * Lo conwal and st
@+ Advanced wind tunne testing & Fumer ise of compocie and

tehnokygies inchting mods, Behang

5 TS TR

chnigues

+ FaSie, Mo afordatle
canifieation quadifvagon
PGS T RTINS

Technalkgy Development Opportunly Ingleatsr Creas-Sacton Dppoimities

@ L Dsiapiiisnt Oppasmunity
® Wkt DNt
B Sl Cervalopment Opgmuniss
& Technoiogy dtdrasssd

@ Muiti st

W R

Oppamnity Wy AammOE M Endigy Power, Wind

W Defiencer and Space

MNEW ARCHITECTUIRES
Gnciding demanemes)

o Phiw i whicks archileene

°

*

0 g T benafies of
L i el fiw 2T

Highsquaad rotcrealt

LIHER s aicratt
v i wehicke architectuns,
o Ine e e O
shecTic sysems

EXPLOIT

TOOLS & METHODS

00 -+ Acvinced geomenty handing

o WG - POWwSTN
WA g, Tk o) i,
ric e, PGS

o BTN Moy
resehiling sl vkt
for aerchynamics of
ol o figurations

Cl

Technciogy Sitegy and Portiol Lipdate 2016

e it in b

et AGGNT o, reith
LT

e i

REY TECHNOLOGIES

+ Simifisd Mowaibie Sfacis
and sciess acing miges

i Pl BTN

mchnckagis

21

POSITION
£20m

-
A

Project Exampie

i s Aric e ATV
RSaREE M ATV o e

B AN ) VA e
awerail s Pl you with por
S v g ST

NEW ARCHITECTURES
niding demanaTaIS

TOOLS & METHOOS

KEY TECHNOLOGIES

& InCTaRsE SUEShOMYIn & WinZIRLnE BSIng

mechrioghes inchuding modals,

& Distrbastied progaison
praliminary madedling
oy et

¢ L -0

archite rsrd.d'nﬁ
b wirgs, distribated
prequien, BL

Y PGS (ol ]
T P X wrkekes

& Kew B e o g
al pdeie direrat

copyright § Aenepace echrology | nainae 3008



Technciogy Sitegy and Portiol Lipdate 2016 21

AIRCRAFT OF THE FUTURE

O ©

POSITION
£20m

l SECURE EXPLOIT

F £34m X £52m

Technology Development Opportunity Indicator 3 = R,
Cross-sector Opportunities
@® Large Development Opportunity
€ Moderate Development Opportunity _ @® Multi-sectoral W Rail
~ @l Automotive ¥R Energy (Power, Wind)

Small Development Opportunity _

@® Technology Addressed = Y Defence and Space
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'Headline ATI Portfolio Statistics

Projects developed in the last 12 months...

¥
WILL HELP TO SECURE OR GROW "

15,000 <

UK HIGH VALUE JOBS

90

INDIVIDUAL
PROPOSALS

...are adding to an extensive technology portfolio

71%
SUCCESS RATE ATI PROJECTS ON CONTRACT: 160
Al Sl TOTAL VALUE: £1.3BN; GRANTS OF £686M

=g

qb

66%
SUCCESS
RATE AT SR2

195 UNIQUE ORGANISATIONS

103 sme’s DIRECTLY CONTRACTED
WITH MANY MORE SMES SUBCONTRACTED

AEROSPACE
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ATI Portfolio by Value Stream

Aircraft of the

Aerostructures
of the future

700

600

500

400

300

200

100

28%

Smart,
Connected
and More
Electric
Aircraft
14%

future
10%

Propulsion of
the future

By ATI Attribute (Em)

Secure

Exploit

15

27 October, 2016

48%

Position

Grants Offered (£m)

No. Organisations

Key ATI Portfolio Statistics

ATl Grants by Company Size

0%

228 420 37

41 51 103

20% 40% 60% 80% 100%

B Research/Academic M Large Company B SME Company

B Passenger Experience
B Operational Needs &
Flexibility
M Cost
Environment

W Fuel Efficiency

B Safety

ATI funding by value stream in line with
UK aerospace sector turnover.

Largest focus in portfolio on cost
reduction and fuel efficiency projects
Funding for exploit projects (5-10 years)
has increased over the past months.
>50% of the partners participating are
SMEs, received >£35m of grant funding
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+Concluding Remarks

Key aspects of our strategy update are:

- Deliver four major integration initiatives by 2020

- Develop strategies and delivery around cross-cutting themes
- Increase cross-sectorial exploitation

- Link to EPSRC in early stage research opportunities with emphasis
on Position strategy

- Whole aircraft capability, whole aircraft design and systems
integration engagement to exploit this capability

- Launch refresh on Infrastructure Strategy

AEROSPACE

+ a
16 27 October, 2016 » TECHNOLOGY
‘ INSTITUTE



Detailed overview of
Strategy Update

e Large and Moderate
Development Opportunities




AIRCRAFT OF THE FUTURE




+Aircraft of the Future

This theme incorporates the design, integration, certification and
operation of aircraft and their interaction with the broader air
transport system.

Key theme outcomes:

e Strengthening whole-aircraft design and system integration
capability

* Understanding the potential of more radical aircraft architectures
and the impact of technologies at the whole-aircraft level

* Accelerating development of enhanced safety, and more
productive and autonomous aircraft

+ a
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Aircraft of the future — Portfolio Summary

/ 6%
' SECURE EXPLOIT POSITION

E34m o £s2m @ £20m

‘J &
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Aircraft of the Future — New Architectures

Aero-elastic
tailoring and/or
high aspect ratio

\ £

-

High speed
rotorcraft

Soo

A

P . Ae—

Open rotor or

W Novel air vehicle | advanced turboprop
Free flight architectures for | Blended wings,
P large all electric distributed
Integrated UHBR aircraft propulsion, and BLI
x Laminar flow and Large tilt-rotor e
flow control L
Secure Exploit Position
2015 2020 2025 2030 2030+
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Flight deck human
factors

Conceptual
aircraft and
system modelling

Advanced wind
tunnel testing
technologies

Multi-physics and
multi-fidelity

whole aircraft

modelling

Certification

e - qualification
# process

Advanced geometry
handling and
modelling for
aerodynamics of

Wind tunnel
testing
technologies for
distributed
propulsion

2015

e 4 : novel configurations
improvements
Powerplant
integration
Secure Exploit
2020 2025
’ 22 27 October, 2016
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Aircraft of the Future — Key Technologies

New technology
developments for
navigation,
communications,
safe flight

Better use of
composites and
advanced
materials

Government UAS

2t saany 1200

.

Cabin noise
reduction
technologies

Distributed
propulsion
preliminary
modelling on whole
aircraft

Pathfinder
Loads COﬂ"EI’O| and programmes o lifed " Nz
aero-elastics Simplitfied moveable o
surfaces
Secure Exploit Position
201> 2020 2025 2030+
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Whole aircraft capability

ATI’s Whole Aircraft Capability Accessing ATI Whole Aircraft Capability

User-friendly
aircraft trade
tool, for UK
aerospace

Quantified impact
‘ of technology on

Aircraft
trade
tables

ATl Whole Aircraft

Model Environment fuel burn and CO,

ATI aircraft Validation

library with OEMs
] New . Individual companies
technology Technology consortia

Government
v S\ & Aerospace
= \ technology strategy
Informing the debate
on the market and
future aircraft

-
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SMART, CONNECTED AND
MORE ELECTRIC AIRCRAFT




+Smart, Connected and More Electric Aircraft

This theme encompasses a range of complex aircraft systems provided
by UK businesses, specifically the technologies, tools, processes and
facilities needed to develop and produce them.

Key theme outcomes:
* Enabling introduction of more electric systems
* Developing secure digital systems and communications

e Securing capabilities in fuel, landing gear and energy management
systems

+ a
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+Smart Connected and MEA- Portfolio Summary

@ S,
& '@ - ; & D
‘ SECURE ( EXPLOIT POSITION‘

£50m £80m ’ £em

“

Operational performance

and flexibility

+ a
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Smart, Connected and MEA — New Architectures

Open systems
avionics
architecture

Smarter
communications

More electric

Autonomous air
vehicle systems
validation platform

Embedded sensors

All electric aircraft

2015

2030+

Multifunctional aircraft R
terms and o o and actuation in
syste DlStrlbUted aVvionIcs Components
components
Secure Exploit Position
2020 2025
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Smart, Connected and MEA — Methods and Tools

Integrated thermal
design for systems

Electronic/
electrical
component failure
and EMC
prediction models

[

MEA systems
integration &
demonstration

facility
@

Modelling of non-
propulsion power
systems

s N

Real time simulation
with hardware in
the loop

Complex systems
multi-dimensional
optimisation

Virtual modelling
Systems

Secure

Exploit

Position

2015

2020
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2030+
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Advanced landing
gear systems

Thermal
management

Actuation

Power-dense
power electronics

Scalable high
bandwidth
communications

Scalable electrical
power systems
and low power
equipment with
energy harvesting

Integrated sensor
systems

Advanced cabin
noise and
vibration
attenuation

Engine control
systems (hardware
and software)

Smart, Connected and MEA — Key Technologies

o A—

Superconducting
electrical systems

High performance
energy storage
and recovery

High integrity
fault-tolerant
solutions

Secure

Exploit

Position

2015

2020

30

27 October, 2016

2025

2030+
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+Aerostructures of the Future

Key theme outcomes:

Primary and secondary structural component leader

Driving new materials formulation, component manufacture,

assembly, & systems installation
Factory of the Future IP for reconfigurable facilities

Key player in highly efficient product development capabilities to

minimise design, V&V, & industrialisation phases

32
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'Aerostructures of the Future — Portfolio Summary

\0.@\ (@‘®\ '@\

@
SECURE EXPLOIT POSITION

£129m / £205m £20m
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Aerostructures of the Future — New Architectures

Next generation
” material
) formulation
‘2 el solution
Step change Test capability for .
validation platform .
to maximise Di : Architectures
oroductivity Eiligtie | Functionally graded/  on disruptive
cclanvfentlona topologically planforms
- plantorm optimised
architectures e e EES
Next- gen utilising advanced
technology materials
validation platform
Secure Exploit Position
2015 2020 2025 2030 2030+
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Aerostructures of the Future — Methods and Tools

In-line monitoring
and process
control for
composite,
metallic and
hybrid material
formulation and
conversion

Predictive behaviour
& performance
analysis of materials

Advanced structural
modelling and
validation testing for

Use of methodology
to optimise energy
consumption for
manufacturing &
assembly process

Integrate design,

Virtual aircraft for

structures,
manufacturing,
assembly

.1

2030+

components test and simulation
toolsets
Secure Exploit Position
2015 2020 2025
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Aerostructures of the Future — Key Technologies

Advanced joining

Close coupled,
simulation and
physical test

validation
®

Productivity/ rate
flexibility enablers

Novel joining
technologies

Reconfigurable &

intelligent automation
(V&V + manufacture)

Multifunctional
materials

Self-monitoring
structures

Damage tolerant/
self-healing
structures

Factory of the
future — rapid
reconfiguration
utilising intelligent
swarm automation

Secure

Position

Exploit

2015 2020 2025 2030+
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PROPULSION OF THE
FUTURE




| Propulsion of the Future

This theme encompasses the propulsion products and capabilities
provided by UK businesses, specifically the technologies, tools,
processes and facilities needed to develop and produce them.,

Key theme outcomes:
* Realisation of large ultra-high bypass ratio (UHBR) turbofan engines

 Enhancing the integration of advanced propulsion systems onto
aircraft

* Development of future hybrid turbo-electric propulsion systems

+ a
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+Propu|sion of the Future — Portfolio Summary

SECURE
£348m

POSITION
£6m

N

Operational performance

and flexibility
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Propulsion of the Future — New Architectures

Lightweight fan
system validation
platform

UHBR geared
turbofan

Lean burn
combustion
validation platform

Variable pitch for
UHBR geared
turbofan

Open rotor

Hybrid turbo-
electric and
distributed
propulsion

2030+

® : including flight
" test validation
Advanced core
demonstrator N
Advanced propellers
Secure Exploit Position
2015 2020 2025
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Propulsion of the Future — Methods and Tools

Improved Virtual modelling —| Complex

manufacturing whole engine thermodynamic
7

measurement and (thermo- cycle model
inspection | mechanical) validation
processes for .
gears Ice crystal engine test

capability

Composites failure
prediction models

Boundary layer
ingestion test

4 ~ Advanced multi- capability
Prediction of noise ohysics and multi- Engine control
sources for new fidelity modelling modelling in real el
architectures e P —
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Propulsion of the Future — Key Technologies
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