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PJ Menner, Commercial Specialist, U.S. Embassy, London

Paul (PJ) Menner has been a Commercial Specialist for the defense and aerospace sectors at the U.S. Embassy,
London since July 2013. He graduated from Miami University, Ohio in 1988 with a BA in Political Science. After
graduation, he was commissioned an Ensign in the U.S. Navy and qualified as a naval aviator. He spent 10 years
on active duty as a helicopter pilot, during which time he participated in Operation Desert Storm and humerous
other operations. He served as a Detachment Officer-in-Charge and qualified as a Combat Information Center
Watch Officer. He flew over 2,000 hours and was a maintenance test pilot, standardization pilot and flight
instructor.

After leaving active service in 1998, Menner continued to serve in the U.S. Navy Reserve and qualified as a
commercial airline pilot, accruing in excess of 4,000 flying hours on numerous different types of multi-engine
passenger aircraft for Skywest Airlines, Continental Airlines and United Airlines.

While serving in the U.S. Navy Reserve between 2002 and 2003, PJ Menner was the Joint Operations Center
Executive Officer at the U.S. European Command. In 2005 he served as the U.S. Naval Forces Europe director of
the Navy Maritime Partnership Program. In 2008 he served as the Assistant Naval Programs Officer in the Office
of Defense Cooperation, London. In September 2008 he also deployed with the U.S. European Command to
Thilisi, Georgia and served as the Plans and Policy Officer to assess the capability of the Georgian armed forces.

Between October 2009 and June 2013 Menner worked for the Defense Contract Management Agency, Northern
Europe, as a management and program analyst.
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AEROSPACE, DEFENSE AND SPACE
OPPORTUNITIES IN THE UK

PJ Menner, U.S. Commercial Service UK
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Global Aerospace Market

= Of all revenue generated in the global
aerospace and defense industry, the U.S.
generates 60% of the revenue and Europe

generates 35% leaving the rest of the word a
5% share.

= The UK is one of the single largest aerospace
markets in the world outside of the U.S.

U.S. Department of Commerce | International Trade Administration | U.S. Commercial Service



= UK aerospace sector has an annual turnover of approximately $45 billion.

= The UK does not produce any large civil aircraft and 95 percent of aerospace
output is exported.

= The UK has a reputation as a center of excellence for the design and production
of aerostructures, aircraft propulsion, aircraft systems, aircraft interiors and
through-life services.

» The UK has a large MRO sector, servicing the huge numbers of military and civil
aircraft that fly through and from the UK every year.

U.S. Department of Commerce | International Trade Administration | U.S. Commercial Service
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= The UK has a highly-developed and competitive aerospace industry in
which more than 3,000 aerospace companies operate.

» There are multiple OEMs in the UK aerospace supply chain, namely Rolls-
Royce, Airbus, Leonardo and BAE Systems. There are many U.S. OEMs in the
UK as well.

= Major players include Moog, GKN, Spirit, Meggitt, Marshall Aerospace,
Honeywell, Safran, and Teledyne.

» There are 100 to 200 Tier 2 companies including Ultra Electronics, Firth
Rixson, Gardner Aerospace and RLC Group.

= There are over 800 Tier 3 companies.

U.S. Department of Commerce | International Trade Administration | U.S. Commercial Service



Disruption...

The impact of the disruption to the commercial aerospace sector has
been significant and the road to recovery will be lengthy.




Becoming a supplier in Europe

On Babcock Internationals website it states:

“Becoming a supplier to Babcock - Can you do something
better than a current supplier?”

And

“Based on our customer requirements, Babcock are
interested in speaking to suppliers who help us to reduce
the overall costs for our customers and who work with us
in delivering innovative new solutions and external best
practice.”

U.S. Department of Commerce | International Trade Administration | U.S. Commercial Service



A crowded market.
Where will you fit into the
supply chain?

UK and European primes continue to decrease their number of
suppliers, preferring to work with a handful of major tier 1 partners
and referring all other potential suppliers to its supply chain at the
appropriate level.

While it’s possible to supply at an OEM level, getting access to the
supply chain on the first, second or third tier should be faster.

The overall best prospect is through new equipment development or
an increase in demand by the OEM.

U.S. Department of Commerce | International Trade Administration | U.S. Commercial Service



A crowded market continued

Not an easy to process to determine where you fit in the
supply chain and where you might have the best
opportunity to succeed. Do you homework!

The Commercial Service has an extensive list of
companies involved in the aerospace & defense industry
and a list of events that create opportunities.

Entering the European market requires a long-term
approach.

U.S. Department of Commerce | International Trade Administration | U.S. Commercial Service



Best prospects for the commercial
UK Aerospace Market

Develop new innovative technologies that meet the
customer’s requirements.

» Engines

» Wings and Aero Structures

» Electrical Sensing & Controls
> Fuel Systems

» Hydraulics

> Motion Control

U.S. Department of Commerce | International Trade Administration | U.S. Commercial Service




Best prospects for the UK
Defense Market

Full spectrum, multidomain ISR.
Multidomain command and control.

Technology to compete against adversaries below the threshold
of conventional conflict.

Technology to target adversaries in new ways across all domains.
Generate affordable capabilities that can address evolving

threats and can operate within a denied electromagnetic
environment.

The MOD’s Defence and Security Accelerator

U.S. Department of Commerce | International Trade Administration | U.S. Commercial Service



UK Space Sector

Ambitious agenda!

= Skynet 6 satellite telecommunications program
= 4 primary segments of the commercial space:
» Space Applications (71%)
» Space Operations (13%)
» Space Manufacturing (12%)
> Auxiliary Services (4%)
= 6 commercial launch sites planned

= Technology Safeguards Agreement signhed in June 2020

= Spaceflight licenses now being issued

U.S. Department of Commerce | International Trade Administration | U.S. Commercial Service



Market Entry Strategy

How will you develop your market entry strategy?
Direct sales?
Collaborative Partner Search?
Manufacturer’s Representative or Consultant?
Distributor?

Conferences & Trade shows?

U.S. Department of Commerce | International Trade Administration | U.S. Commercial Service



European Industry Events

There is an event for all aspects of aerospace
& defense

There are numerous events for everything
Participating at events is expensive

You need to participate!

U.S. Department of Commerce | International Trade Administration | U.S. Commercial Service



Best European Aerospace &
Defense Events?

= Events that focus on B2B meetings

= Events that guarantee pre-arranged
meetings

» Events that are focused on networking

U.S. Department of Commerce | International Trade Administration | U.S. Commercial Service



Crossroads

PJ Menner
U.S. Commercial Service UK
pj.menner@trade.gov

U.S. Department of Commerce | International Trade Administration | U.S. Commercial Service



. . ‘

o)

AEROSPACE

Bob Dirgo, Senior Program Manager, Ohio Aerospace Institute

Bob Dirgo has more than 36 years’ experience in the aerospace industry working for Meggitt. He
has held a number of roles within Meggitt over his career in the operations organization.

He has been the Director of Quality, Director of Continuous Improvement and the Director of Strategic
Innovation.

He has a bachelor’s degree in Mechanical Engineering, a Master’s Degree in Statistics and
has done PhD work in Operations Research at Case Western Reserve University.

Dirgo is an American Society of Quality certified Six Sigma Black Belt, Quality Engineer and Quality
Auditor, certified Lean Manufacturing Practitioner, and certified Innovation Engineering Blue Belt from
the Eureka Ranch.

He has published two books; a business management book entitled “Look Forward Beyond
Lean and Six Sigma” and a self-help book entitled “How | Reversed My Hashimotos Thyroiditis.”
He has worked at the Ohio Aerospace Institute since 2020.
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The Aerospace Supply

AVIATION WEEK

FleetzMRO

FORECASTS

Business Aviation New Aircraft Deliveries

Forecast deliveries 2021-30 forecast
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Source: 2021 Business Aviation Fleet & MRO Forecast, Aviation Week Network, Copyright 2020.
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Highlights

- Deliveries 8% lower than previous expectations over
decade, 2021 = 21% and 2022 = 17% lower...

- 10,050 total deliveries over 10-years.
7,400 business Jets / 2,590 turboprops

“Light jets” lead recovery efforts, 28% share of jets/
25% share overall by category.

Turbos remain strong but lower than previous
expectations.

$236B retail delivery value over 10-years.

2021-30 Share of Unit Deliveries

= Light Jets
m Super Midsize Jets
= Large Cabin Jets

= Turboprops
= Ultra Long-Range Jets
= Very Light Jets
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Business Aviation In-Service Fleet Forecast
Fleet expands 6% 2021-30; grows at 0.6% CAGR over 10 years

Airiners Alirliners
e 1:3% Regional In-Service Change

India

Small Jets China
28 6%

Small Jets

27 5%
Middle East

Eastemn Europe
Africa l
Asia Pacific .

Latin America -

2021 Fleet: 2030 Fleet: 0 5,000 10,000 15,000 20,000 25,000
33,080 Aircraft 35,002 Aircraft m2030 w2021

Westem Europe

Source: 2021 Business Fleet & MRO Forecast, Aviation Week Network, Copyright 2020
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Business Aviation MRO Demand T

- 24% |lower that previous projections,

MRO aftermarket analysis and the impacts from the pandemic
y " P $102 billion MRO, grows at 2.3% CAGR 2021-30.
- Modifications demand grows at 1.9% CAGR, $33
$16,000,000,000 Comparedto billion demand.
Pre-COVID-19 previous forecast
riorecast - Over 57k major engine MRO events are
$14,000,000,000 -24% expected during the 10-year forecast.4Q engine
$12,000,000,000 - Engine MRO demand is $29 billion over the
decade and grows the fastest at nearly 4%
CAGR,
. $10,000,000,000
icg MRO DEMAND 2021-30
© $8,000,000,000 MRO Demand $102.1 BILLION
CAGR
- 2021-30:
$6,000,000,000 : ’ 2.3%
$4,000,000,000
$2,000,000,000
$0
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 3
B Modifications B Engine Maintenance

MRO demand down $33 billion over 1 O_years E Components Maintenance M Airframe Maintenance

Source: 2021 Business Aviation Fieet & MRO Forecast, Aviation Week Network, Copyright 2020.
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Commercial In-Service Fleet - Fleet expands 24% 2021-30

Asia dominates while narrowbody types grow to a share of 63% post-pandemic

Regional In-Service Fleet 2030 v. 2021

Asia-Pacific

Regional Jets

13%

North America

Latin America

: Fleet in Asia-Pacific
midate East [ grows 47% by 2030
2021 Fleet: 2030 Fleet: Africa .
30,825 Aircraft 38,299 Aircraft
0 5,000 10,000 15,000

Note: Regions at large, i.e. Asia-Pacific = India, Asia-Pacific and China

m2030 m2021
Source: 2021 Commercial Fleet & MRO Forecast, Aviation Week Network, Copyright 2020
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Commercial MRO Demand by Region Grows 38%, 61% in Asia-Pacific

$40.0B The outgrowth from the pandemic shows high initial growth rates from

a low base. Operators in Asia will generate the largest amount of MRO
$35.0B demand throughout the forecast period.

Between 2021 and 2030, just over a third of all MRO expenses will be

30.0B : 2 é .
$ generated by Asia-Pacific alone, while world demand continues to
increase at a healthy 3.6% CAGR globally over the decade, post-
i 22585 pandemic.
o
2 $20.0 B Demand is expected to experience significant expansion in Asia-
m Pacific and Middle East, with growths of 61% and 59% respectively.
&*>
$15.0B
$5.0B
$.0B
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
—a—Asia —s—EUurope =a==North America
=a=Middle East Latin America Africa

Note: Regions at large, 1.e. Asia = India, Asia and China

Source: 2021 Commercial Fleet & MRO Forecast, Aviation Week Network, Copyright 2020



Pandemic Causes Historic
Decline in Air Passenger Traffic

Global air passenger traffic (revenue passenger kilometers)
as a percentage of 2019 traffic

OVID-19

CORONAVIRUS DISEASE 2019 P

Single-aisle jets get more popular, as wide-
body planes phased out amid COVID-19

By GT staff reporters

«++ Baseline scenario <+« COVID variant scenario

100%

60%

40%

20% Z/

0%

2015 2016 2017 2018 2019 2020 2021

Source: |ATA
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Jet Zero ;
Consultation ©

A consuitation on
our strategy for
net 2ero aviation

~

Aviation

...pushing for more

Climate Change!




Risk Mitigation Opportunities - Defense R
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The Pentagon is asking for $52.4 billion to invest
in the military’s air domain.

85 F-35 Joint Strike Fighters: $12 billion
14 Boeing KC-46 tanker aircraft: $2.5 billion

9 Lockheed Martin CH-53K King Stallion
helicopters: $1.7 billion

12 Boeing F-15EX fighter jets: $1.5 billion

30 Boeing AH-64E Apache attack helicopters:
$825 million

Ministry
of Defence

In November 2020, the British government approved the
largest rise in its defense budget since the end of the Cold
War, with £16.5 billion in additional funding made available for
spending on shipbuilding, space, cyber, research and other
sectors over the next four years.

The government said military modernization will be
underpinned by a record investment of at least £1.5 billion
extra and £5.8 billion in total on military research and
development, including a commitment to further invest in the
future combat air system.
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Back to the future? Airline sector
poised for change post-COVID-19




o)

AEROSPACE "

Lightweighting for
Aerospace Applications
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New-generation GE jet.liner engine
- parts made of SiC fibers _——

CAnET

COMMERCIAL AVIATION
ALTERNATIVE FUELS INITIATIVE

Light Weight
Alloys




Future Trends — Innovatio

E-Fan X

A 2MW hybrid-electric

aircraft
demonstrator ‘\ ELECTRICAL SUPPLY
memat distribution

GENERATOR

Power generaticn
systam
\ gy DATA
P " TRANSMISSION
ENGINE e obinn B0
T e e oA ENERGY STORAGE bt MAXWELL
nghm( battery pa
AIRBUS

Electric machine pairs o act
as slectrical motor driving a
boundary layer ingesting fan

Global MORE —
ELECTRIC AIRCRAFT Global More Electric Aircraft Market is expected
M Cﬂ'ket to reach by 2027.

Growing at @ (2020-2027) — ~ \oltzge airplane power grid uﬁuumﬂusmnalm

NEAT configured to test a lightly distributed turboelectric aircraft. Credits: NASA
y e B
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Inc. and Parallax Advanced Research
propose new, life-saving technology on

Ohio’s first flying car
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The next era of
human mobility

HYPERLOOP




Hyperloop Video

https.//www.youtube.com/watch?v=uwm3gvFWVRU



https://www.youtube.com/watch?v=uwm3qvFWVRU
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Stephen Kyle-Henney, Managing Director & Founder, TISICS

Stephen Kyle- Henney is Managing director and the founder of TISICS Itd.
Stephen has been working on Lightweight metal composites for over 30
years and TISICS has a unique position as the only integrated continuous
fibore metal composite supplier world wide. TISICS develops ultra ;lightweight
titanium and aluminium composites reinforced with silicon carbide fibre to
save 305 to 70% compared to conventional parts.

Stephen is leading the development for this in space systems and aviation
where the renewed focus on net-zero carbon will require increased
emphasis on weight reduction.



TISICS

“ILLTGHEEN, URE 25th August 2021

TISICS is pioneering lighter and greener, aircraft and

spacecraft components with world leading metal

composite and net-shape manufacture technologies.

p)

‘ﬁuf{ruﬁ Most significant advancement in PWCQv- Pitch@Palace
Q/ forms of transport which result in PALACE 11.0

®Rushlight.
2019/20

January signif?cantly improved environmental 6 2019 Finalist
2020 footprint.
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TISICS Presentation Contents TISICS

Metal Composites

The following presentation will aim to provide an overview of TISICS limited and our activities
in Aviation and space sectors as well as a broader view of technology development
opportunities in the UK from the viewpoint of a small company.

1) TISICS company overview- who we are and where we came from.

2) TISICS materials technology- A unique vertically integrated capability
3) Auviation Light weighting- 40% to 70% mass reduction

4) Space systems - Net shape and high-performance metal structures
5) TISICS growth plans- How to exploit advanced materials.

UK Space and Aviation developments — Will be discussed in context of the TISICS activity

1) UK Aerospace priorities- Some of the collaborative activities which are underway
2) UK Space technology development- Priority areas for UK R&D

© Copyright 2021 TISICS Ltd. COMMERCIAL IN CONFIDENCE www . tisics.co.

D< infoltisics,go.uk . @TiMetalMatrix @ uk



TISICS

TISICS has a unique composite technology v P

30% - 70% component system weight savings with TISICS

composites

Cheesé & Onion

TISICS TITANIUM WEIGHT OF A WILL CARRY 5,000Kg
COMPOSITE TUBE CRISP PACKET
(369)

Transform metals for a greener, brighter
TISICS mission:

future

© Copyright 2021 TISICS Ltd. COMMERCIAL IN CONFIDENCE .

D< infoltisics,go.uk . @TiMetalMatrix @ uk




Technology Development

TISICS

Metal Composites

Technology Heritage

TISICS and 1ts predecessors have maintained UK
independent access to silicon carbide fibre since
the 1980s ensuring European access advanced 1light

weight components without ITAR restrictions.

““.'. BP Chemicals
Established UK pilot plant for fibre and composites
Developed high performance fibre coatings & composite processes

UK Ministry of Defence and transfer to QinetiQ

anetI'Q Aero-Gas Turbine component development mlggtfreﬁce
Civil Aerospace landing gear and brake component development
TISICS
Full size landing gear components TISICS

Space pressure vessels and robotic arms

Development of robust low cost rocesses

© Copyright 2021 TISICS Ltd. COMMERCIAL IN CONFIDENCE

Metal Composites

Technology & Capability Investment

£ 3.5m

Total capital investment since
2005

£ 7.99m

Total technology & process R&D

£ 14.m

Revenue to date

£ 1.5m

Management equity

www.tisics.co.

>< infol{isjgs,co-uk . @TiMetalMatrix @ uk



Vertically Integrated Capabilities

World unique integrated composite
mapyfackureryo commercial silicon carbide
fibre suppliers worldwide

" Fibre competitor based in USA and subject
to ITAR/EAR controls

" Only commercial supplier worldwide with
integrated fibre and composite capability

DESIGN MANUFACTURE

Inspection,

SiC Production Cleanrooms Furnaces & Vacuum CNC: Lathes,
Processing Mills, Wire Eroder

Analysis compression, fatigue

Certifications

ok

v

%

%, UKAS

o QGRS | Mt
006

Tensile,

testing & NDE

www.tisics.co.

© Copyright 2021 TISICS Ltd. COMMERCIAL IN CONFIDENCE B inf0@§i§3g54é:o.uk . @TiMetalMatrix @ uk

TISICS

Metal Composites




MMCs Mechanical Properties TISICS

Metal Composites

Double the specific stiffness of engineering metals
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© Copyright 2021 TISICS Ltd. COMMERCIAL IN CONFIDENCE www.tisics.co.

D<) infol{isjgs,so.uk . @TiMetalMatrix @ uk



Fabrication- base process TISICS
Metal Composites

Titanium foil, typically

100-150  p mthick

Matrix coated fibre
Titanium alloy coating

0000 Monofilament core
Silicon carbide “ “ o (tungsten or carbon)
monofilaments held in

a binder orwoven Silicon carbide

structure

www.tisics.co.

D<) infol{isjgs,go-uk . @TiMetalMatrix @ uk

© Copyright 2021 TISICS Ltd. COMMERCIAL IN CONFIDENCE




TISICS

Technology Overview Metal Comoosites

TECHNOLOGY
CHNOLOG COMPOSITE MANUFACTURE

o
A
il ' g
i —
, | » -
FORM PRE-FORM 2
- LAYUP

CERAMIC FIBRE

’iir‘:‘

PRE-
SHEETS

TITANIUM, ALUMINIUM 2=
SPOOLS LATION FORMATION COMPONENT
: z DIRECT
. 4 v ' :

NET SHAPE FABRICATION

~
- -
*
o=

Near net-shape process minimises welding, joining and final machining

© Copyright 2021 TISICS Ltd. COMMERCIAL IN CONFIDENCE www . £isics.co.

D>< infoltisics,go.uk . @TiMetalMatrix @ uk



Aero Development & Traction

TISICS

Metal Composites

STRONG
BARRIERS
TO ENTRY

Research and Development (public programmes)
Co-funded by TISICS

Titanium composite Landing . 1 @ SAFRAN
gear material technology study. QinetiQ > Messier-Bugati-Dowty

TISICS Established 2005 (from QinetiQ)

) Landing gear bogie pin
development

*

R QinetiQ S SAFRAN

essier-Bugatti-Dowty

Integrated Wing actuator and

side stay development
®

e AIRBUS 5 SAFRAN

Messier-Bugatti-Dowty

s Rolls-Royce* S SAFRAN  Bodycote

essier-Bugatti-Dowty

Aluminium composite _ MANCHESTER

development: 3 projects
]

Titanium Composite Side Stay
development
H °

Existing customer relationships and TRL6 component development in
place

© Copyright 2021 TISICS Ltd. COMMERCIAL IN CONFIDENCE

Defensibility

Safety-critical aero components
and materials require extensive

development
Full process IP ownership

30yr+ tech investment by BP,
MoD, QinetiQ

1 of 2 raw material suppliers
worldwide (only European

supplier)

ONLY integrated fibre
reinforced metal composite

supplier worldwide

www.tisics.co.

e aies .
0K infoegigigespo-uk [ erimetatvaczix @ ux



Technology Overview TISICS

Metal Composites

o . Th —_ 0 = 0
Selective Reinforcement Net Shape Components er!;:agi;?ir;lcal Mixed Material Complex

il
SR T 10

-y U2 Max
5353

Lot
=
1y
138
-TET
12 Min

© Copyright 2021 TISICS Ltd. COMMERCIAL IN CONFIDENCE www. tisics.

D< infoltisigcssfo.uk . @TiMetalMatrix @@ uk




TISICS

Metal Composites

Multi-Sector Commercialisation

TISICS activities are a stepping stone to a larger £200m market
for which TISICS has extensive existing relationships.

AIRCRAFT STRUCTURES AERO ENGINE STRUCTURES

TANKS, SPACE HARDWARE

REVENUE REVENUE

REVENUE

£ 20m £ 60m £ 120m
w 2030 ! ? 2030 2030
“l T ‘
A \gﬁ
N \ K o
Propulsion  Robotic Spacecraft Main landing Multiple landing Side Stay Courtesy of Rolls-Royce Blade.d ring T'UMQ"')C:)L'/“g co:\hr:)gSite
tanks arms structures gear actuator  gear components (full-size) (bling) P ” Pe
weight saving section

Ro||5-Royce@ “y SAFRAN &) cc Aviation AIRBUS

Builds on £20m pre-TISICS £200m space, aero, defence ™ L >80% UK exports
investment by BP and business by 2030 Z1 IS High quality jobs
QinetiQ

www.tisics.co.

D< infoltisigcssgo.uk . @TiMetalMatrix @@ uk

© Copyright 2021 TISICS Ltd. COMMERCIAL IN CONFIDENCE




Aero Structures Case Study T_t_-I;ISIC,tS
Titanium Composites

Brake Drive Bars

Original _ TISICS Titanium
Steel Component : Composite

= Heavy = Tested, survived 3

] ] lifetime cycles
= High operating

= Passed simulated rejected

temperature Increased titanium take-off (997 °C)

= Exposed to harsh runway (matrix) operating " Corrosion resistant
environments temperature
>500°C

= Heavier high strength

30% LIGHTER

steel with coatings or

INCREASED THERMAL
STABILITY

CHALLENGE SOLUTION OUTCOME

© Copyright 2019 TISICS Ltd.

nickle alloys typically

Slide 53 . www.tisics.co.uk - info@tisics.co.uk . @TiMetalMatrix



Slide 54

Aero Structures

Aluminium Wing Riblet

Original
Aluminium I-Beams
Minimise mass

Retain material
compatibility with Al

system
Fixed attachment points

High tension and

compression loads

Extensive machining
r]lllllll:%::%igﬁlllllll

© Copyright 2019 TISICS Ltd.

Case

= Selectively reinforced
"» Simple 0° lay-up for maximum load

" Net-shape minimises machining
= Ease of system integration (Al bolt

SOLUTION

holes)

. www.tisics.co.uk

- info@tisics.co.uk

. @TiMetalMatrix

TISICS

Titanium Composites

TISICS Aluminium
Composite

30% LIGHTER

OUTCOME




TISICS

Metal Composites

Major UK Development for landing Gear

SIDE STAY

4 42% MASS SAVING

‘ 47,400 Tonnes CO, saving across world fleet

4 J
W

IN PARYNERSHIP WITH ITALY

MLG upgrades

(30% weight saving) '

\ LIGHTLAND OUTCOMES
A330 0.7mT

COP26 full-scale demonstrator

Fully functional prototype tested by Safran
A350 / B787 2 .9mT

Materials characterisation

A320 / BT737 >4 . 5mT

LCA, LCC and environmental analysis

www.tisics.co.

D< infoltisigcssco.uk . @TiMetalMatrix @@ uk

© Copyright 2021 TISICS Ltd. COMMERCIAL IN CONFIDENCE



Development Process TISICS
Metal Composites

FINAL TEST

TISICS Landing Gear Project 10 2

COMPONENT

Ino%gﬁﬁ'e design to sub-scale and full-scale demonstrator
components

= optimise for component loading conditions

= evaluate optimal manufacturing methodologies

= Further develop modelling capability

= materials characterisation to demonstrate manufacturing
repeatability

= LCA and LCC analysis to address economic performance

= validate environmental benefits

© Copyright 2021 TISICS Ltd. COMMERCIAL IN CONFIDENCE www.tisics.co.

e aies iMetaltate:
0K infoegigigesgo-uk [ erimetatvaczix @ ux



TISICS

TISICS Landing Gear & Brake Development Parts |
Metal Composites

ACTUATORS

A320 full-size

SIDE STAY

A320 full-size

LINKAGES
BOGIE PIN
BRAKE ROD
A350 full-size
WHEEL BOLTS TORQUE PIN| L, -
A340 full-size [ v...—.. o

www.tisics.co.

© Copyright 2021 TISICS Ltd. COMMERCIAL IN CONFIDENCE B infO@g_iLgagss.;:o.uk . @TiMetalMatrix @ uk




TISICS

TISICS Value Proposition: Impact of light-weighting Motal Combosites

Significant cost-savings

Original Steel TISICS Aluminium Composite
Component (22.34kg) Component (10.46kg)

11.88kg saved

Lightweight components significantly
reduce airline operating costs over the
life of an aircraft.

. www.tisics.co.
© Copyright 2021 TISICS Ltd. COMMERCIAL IN CONFIDENCE

B info@EiféSSSé:o'uk . @TiMetalMatrix @ uk



Spacecraft Tanks:

Supply Challenge

TISICS

Metal Composites

Current tank supply: machined forgings

40

kilograms

18

months

>£100k

90%

waste

6

satellites/yr

© Copyright 2021 TISICS Ltd.

HEAVY TANKS

Thickened weld regions for strength, increase mass
around closures, mounts and attachment points

LONG LEAD TIME

Tanks take 18 to 24 months to manufacture,
impacting development timeframes

EXPENSIVE

Hand-built by highly skilled engineers, with no
production capability. Large tanks can cost £250,000
each.

WASTEFUL

Expensive 1000kg titanium forgings machined to very
thin-wall tanks, ultimately weighing 40kg.

LOW SATELLITE NUMBERS

Automation uneconomical

COMMERCIAL IN CONFIDENCE

35%

lighter

70%

faster

40%

cheaper

<15%

waste

>20

satellites/mo

TISICS solution: lightweight tanks

LIGHTWEIGHT TANKS

Single-piece design minimises wall-thickness across
entire cross-section, resulting in lower mass

SHORT LEAD TIME

6 months to delivery, down from industry
standard 18 - 24 months

LOW COST

Single-piece tank liner eliminates the need for weld,
minimises machining and need for expensive inspection

MINIMISES WASTE

Additive manufacture minimises waste of expensive
raw material

HIGH THROUGHPUT
Robotic assembly into satellite

<Telesat BLUEORIGIN seaces

www.tisics.co.

e aies iMetaltate:
0K infoegigigesgo-uk [ erimetatvaczix @ ux

TISICS
lightweight &
short lead
time
spacecraft
tank
—

)
ThalesAlenia

+ e comeay™ SPACE

= UK SPACE
% AGENCY




TISICS

Space Market Entry: Focused Product Approach

Titanium Composites

Template for R&D Transition to Tank Development
ProductSicd niche product opportunity Thin wall, high performance tanks
with high barriers to entry developed to scale across multiple
. satellite platforms.
= Recruited customer-recommended

industry experts 1in tank design, —

hn-1r
manufacture and system deployment :+ v

," -
= Developed product technology in —_—

collaboration with customers to -

ensure development fits current and

future product needs
Sub-scale Bread Board Model
Shell incl.

! manufacture Attachment feature
] :
]‘ A
: -

www.tisics.co.

Test Sheets Burst Tubes

"= Broad customer base with wide

product and platform compatibility

= TISICS-driven product development
for early market entry

© Copyright 2021 TISICS Ltd. COMMERCIAL IN CONFIDENCE

eaies iMetaltate:
0K infoegigigesso-uk [ erimetatvaczix @ ux



Pressure vessel development TISICS

Metal Composites

Technology and Research and Development

Manufacturing Readiness N
Timeframe funded by TISICS non-dilutive grants and customers

A
1.

PRODUCTS

o
!
=
0
>
4
High ITI NEO Sat tank Hydrogen Twin tank Robotic fabrication
pressure Spherical 2012-2015 peroxide tank 2016-2018 development
[ tank tank 2016-2018 2016-2020
2010 2012 ;

.

L

ICL
Development

P hinklaser
§ ThalesAlenia M 2722
g9 SURREY SURREY  @ARBUS :
g o SerDaratce SURREY _ BUs _Thaesiprd
o = = UK SPACE < OEFENCE & SPACE +ommemee
9 % Innovate UK (; esa Innovate UK Innovate UK AN ~esa s
1 t 7k AGENCY
> 0 PACE
o O
(a]

Development supported by customers

. www.tisics.co.
© Copyright 2021 TISICS Ltd. COMMERCIAL IN CONFIDENCE B info@gifagSGfO-Uk . @TiMetalMatrix @ uk




Space Structures Case Study TISICS

Titanium Composites

Robotic Arms

EASY TO INTEGRATE Lightweight Metal

Original METAL JOINTS Composite Structure

CFRP Structure ULTRA HIGH STRENGTH &

STIFFNESS STRUCTURE
Need for: :

= ijncorporated 3-D

INTEGRAL printed end fittings
METALLIC END
FITTINGS (diffusion bonded)

= high strength, high

stiffness solution

= thermal = eliminated welded

conductivity joints
= durability
LIGHTER SOLUTION
IIIIIIIH%HHHHHHIIIIII IIIIIIIE%HHHH%HIIIIIII IIIIIIIIHHHHHHIIIIIII

© Copyright 2019 TISICS Ltd.

Slide 62 . www.tisics.co.uk - info@tisics.co.uk . @TiMetalMatrix



Dissimilar Metals Joining T|S|CS

Metal Composites

Joining Dissimilar Metals

Mixed metal technology development

® Propellant and gas transition tubes e.g. titanium to stainless-steel
Other material combinations (e.g. aluminium to titanium) are under
development in current development programmes

® Cladding of internal surface
Addresses compatibility issue for e. g. titanium clad with aluminium for
hydrogen peroxide

TITANIUM TO STAINLESS

STEEL TUBE JOINT
(TANK LINER TO FITTINGS) —O

© Copyright 2021 TISICS Ltd. COMMERCIAL IN CONFIDENCE

FULLY INTEGRAL
DISSIMILAR
i MATERIAL JOIN

_-"’“ - \_ e

(O—— COMPLEX SHAPE

POSSIBLE S

(s

lan)

— - —— IUS—— r\ﬁ

www.tisics.co.

e aies .
0K infoegigigesgo-uk [ erimetatvaczix @ ux



Decarbonising Aviation through MMCs TISICS

Metal Composites

TECHNOLOGY TECHNOLOGY TECHNOLOGY NEW
EMERGENCE 3 DIFFUSION 3 NORMAL

GHG Emissions Impact

Flight
trials
2023 2024 2025 2026 2027 2028 2029 2030
; TISICS technology efficiency TISICS technology integral
Expected service upgrades to existing aircraft to future aircraft
entry: fleets platforms

o 8 W
il 2 & =
o ) Z & =
(U] z H « a
z H b ) (U] Z [=]
g = & g
E _—ﬂ( ~ & "3 HYDROGEN POWERED i
— Image courtesy Rolls-— 2] 2 (1]
A Royce Z1
30% mass reduction would save 3.7m Tonnes AI-MMC wing ribs and brackets, TI-MMC Bling engine parts alone could save . T
o ! - Itra-ligh htl h n tanks under i i
CO.emissions/yracross A330 & A350 fleets  actuators and gear beams: 20%-30% mass 3% fuel on commercial airlines Ultra-lightweight liquid hydrogen tanks u (_jl(_* MMCs provide mass, performance & assembly automation
(ATI Fixed Trade calculator) Saving (GE-IUK and Airbus ATI projects) (IATA Roadmap for delivery 2030) development based on TISICS Space capability. potential for blended wing truss structures. Development
>30% gravimetric index targeted to meet aviation work with Reaction Engines demonstrated technology
needs. viability.

www.tisics.co.
© Copyright 2021 TISICS Ltd. COMMERCIAL IN CONFIDENCE

D<) infol{isjgssgo-uk . @TiMetalMatrix @ uk




Growth Capacity TISICS

Metal Composites

Manufacturing capacity

- ~
& - N
FUTURE
PRODCUTION, \
MIDLANDS

B TISICS operates a 15,500 sgft (1435 sgm) manufacturing

facility in Farnborough, UK. ! l
Space and I
\ Aircraft /

Components 7
? . ’

N
/ \—_’/

This includes fibre and composite manufacturing and is
the only site of its kind worldwide.

HEADQUARTERS,
FARNBOROUGH

Low Quantity Production
Batch Manufacture,
SiC Fibre Production

and

Technology and Product

Development

" Farnborough site has the capacity for development
Including increased Fibre Capacity to 450kg.

Future expanded production plant planning 1in progress
to meet increasing space and aerospace demand.

CURRENT
FACILITIES

FUTURE
EXPANSION

© Copyright 2021 TISICS Ltd. COMMERCIAL IN CONFIDENCE www . £isics.co.

e aies .
0K infoegigigesso-uk [ erimetatvaczix @ ux




TISICS

www.tisics.co.uk

TISICS intends to be the world

leading industrial supplier of

metal composites.

Mr. Stephen Kyle-Henney Ms. Ayantika Mitra Mr. Mick Iles
Managing Director Business Strategy Director Aerospace Systems Director
+44 (0) 7798 656 761 +44 (0) 7815 863 150 +44(0) 7854 748 198

skylehenney@tisics.co.uk ayantikamitra@tisics.co.uk miles@tisics.co.uk
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John Sankovic, Ph.D., CEO & President, Ohio Aerospace Institute

John Sankovic prioritizes developing multi-university partnerships, driving research from university
laboratories to Ohio’s industrial aerospace manufacturers and fostering novel collaborations between
governments, industries and private organizations.

Sankovic had a distinguished 31-year career at NASA, where he served as center chief technologist
and director of the Office of Technology Incubation and Innovation. There, he received numerous
awards, including the NASA Outstanding Leadership Medal, six Agency Honor Group Achievement
Awards and an R&D100 technology innovation award.

An industrious academic, Sankovic earned his bachelor’s and master’s degrees in mechanical
engineering from The University of Akron, his MBA degree from Cleveland State University and his
master’s and doctorate degrees in biomedical engineering from Case Western Reserve University. He
IS a registered professional engineer in the State of Ohio with distinction by the Ohio Society of
Professional Engineers for highest achievement on both licensure examinations. He holds three U.S.
patents.



UK-Ohio
Aerospace
Joint Growth
Opportunities

Dr. John M. Sankovic
President and CEO

Ohio Aerospace Institute

OHIO :
AEROSPACE

INSTITUTE



Geography
lesson

We’re proud Ohio has easy access to
US and Canadian population centers.
Many see location this way:
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National position
*Third for manufacturing output
«Second for aerospace infrastructure

*Third for aerospace industry size
*Second overall most attractive state for aerospace manufacturing

(PricewaterhouseCoopers, 2020)
sLargest supplier state to Airbus and Boeing (combined spending of more than

$17 billion annually in Ohio)

Source: www.jobsohio.com
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National position
*Third for manufacturing output
«Second for aerospace infrastructure

*Third for aerospace industry size
*Second overall most attractive state for aerospace manufacturing

(PricewaterhouseCoopers, 2020)
sLargest supplier state to Airbus and Boeing (combined spending of more than

$17 billion annually in Ohio)

Source: www.jobsohio.com
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Ohio jobs supported by UK companies i [f/'
OHIO
* 49,100 Ohioans employed by UK subsidiaries in 2018 AEROSPACE

INSTITUTE

e 20,640 jobs are supported by exports from Ohio to the
UK worth $3.8 billion in 2019.

0 the UK from Ohio

The UK was theA4th largest export market for Ohio in 2019
o-of Ohio goods exports to the UKS1.9 billion
* Total value of Ohio services exports to the UK$1.9 billion

Value of exports

Source: www.uk.gov



http://www.uk.gov/

. “

Top Ohio goods exports to the UK % 3

AEROSPACE *

Aerospace products and parts $663 million
Motor vehicle parts $222 million
Nonferrous metal products $108 million

Miscellaneous general purpose machinery  $78 million

. “

OH.O% Miscellaneous fabricated metal products $78 million

AEROSPACE *

Source: www.uk.gov



http://www.uk.gov/

"FARTHER
Commercial cislunar activities

ARTEMIS ACCORDS i

-

oHIO <X ..
AEROSPACE

INSTITUTE

e

Rethinking the fleet

Electrification enabled

Commercial

-boom_

w3



Space
Economics

Rockets, Remote Sensing,
Telecommunications

OHIO <X .
AEROSPACE
INSTITUTE




-Government supports
infrastructure
development

-Private Companies
Provide Services
-Private Commerce
Flourishes

Moving Space
Operations beyond
400 km.

OHIO ;
AEROSPACE

INSTITUTE




FASTER. (again)

Aerion and Ohio-based Netjets partner for
Commercial Supersonic Transport




New transportation modes.
Integrated into existing
infrastructure.

::\\
ces (en route) \\&

Sense and Avoid (SAA/DAA Technologies)
s Air Traffic Services
Control and Nonpayload Communications (CNPC) Network

ommunications satellite 2
B Legacy Command and Control (C2) Links

’ AX ACRONYMS

ADS-B: Automatic Dependent Surveillance—Broadcast
"\ DAA: Detect and Avoid

TCAS-II: Traffic Alert and Collision Avoidance System
TRACON: Terminal Radar Approach Control Facility

Command
and Control

Ikhana UAS
DAA test aircraft

T-34 UAS surrogate -
C test aircraft -

dgr e &
_~Human Systems
= Integration |

=t
’"\47
UAS ground e | Load Research ground

control station —— aﬂl s control station

. TN

i

Beta Technologies plans eVTOL work in Dayton,
Ohio, charging station at Akron-Canton Airport,
Ohio

AEROSPACE *
INSTITUTE

B R e



Thank You!



Nicola Bates Global Accelerators and Innovation Programs, Boeing

Nichola joined Boeing over four years ago, following a decade-long
career working with early stage and scaling startups, where she
championed the role of the SME to government, particularly in the
security and resilience sector. Nichola brings extensive experience of
International business development and fundraising for growth, from
strategy through to execution; with a wide network across
governments and industry. Having also gained experience of working
Inside one of the world's largest corporations she has become even
more passionate about the benefits of collaboration between startups
and corporates. In her role as Managing Partner for Aerospace
Xelerated, Nichola invests in and supports startups that have the
potential to disrupt or transform the aerospace sector.



Aerospace
Xelerated




TECHNOLOGY

Increased computing capabilities enabling
autonomy, data analytics and All.

TALENT

Increased competition-and demand for
human capital across all industries.

b L !'
PR

INVESTMENT CAPITAL

Increased capital investment enabling new
players and unlocking new markets.

BUSINESS MODELS
Business model disruptions are
overturning industries.

SUSTAINABILITY

Increased demand from stakeholders and
society for a cleaner ecosystem.

"~

A

GLOBAL CHANGES
Global economic & demographic shifts are
altering consumer desires.

Convergence of rapidly advancing technical capabilities with shifting market trends & consumer expectations.




FOCUS AREAS

MOBILITY TRANSFORMATION

@ 2

VEHICLE & AIRSPACE
AU;YOgTOEwﬂgUS PII‘."AQI?:!ID-ED}I(S SERVICES ADVANCED LOGISTICS

Accelerating the transformation of
transportation via new platforms,
products and propulsion systems.

INDUSTRY 4.0

@ D

WORKPLACE SAFETY, SMART FACTORIES & ADVANGED DIGITAL
VITY MANUFACTURING
PRORANING ' & WAREHOUSING AND MATERIALS SUPPLY CHAIN

Disrupting the business environment through
innovative approaches, technologies, materials
and training.

SPACE & CONNECTIVITY

“w 12 ¢ B

SPACE&SATELUTE GROUND SEGMENT &
DATA ANALYTICS LAUNCH 5G CONNECTIVITY

Launching us into the next generation of
space exploration & enhancing connectivity
from seabed to space.

DIGITAL ACCELERATION

/—-

01010

Ty T

BT =
—'

COMPUTING CYBERSECUFIITY & DATA - ENABLED QUANTUM
HARDWARE BUSINESS MODELS COMPUTING

Driving differentiation and productivity
through computing, usage of data sets and
artificial intelligence.




GLOBAL STRATEGY

Provides a comprehensive view of our capabilities and offerings and allows us a framework to identify the best fit for our stakeholders.

19 SAFEs

The program- and event- driven toolbox allows us to identify our Partnerships &
Equity Investments

strengths and resources to better meet the needs of our

stakeholders.

ABA Cohort 1 | Boeing Launchpad
Canada | ABA 2 | Korean Pitch
Programs Competition | India Program

Launchpad / Accelerator

¢S
o\
e\
oW

UK Ventilator Challenge (Anomolous) | Project MEDAL
Test & Learns / POCs (Intellegens) | Filament + National Manufacturing Institute
of Scotland | BLC Pegasus & Chinook

Kenya airways branding / focus areas | UAE Mentoring | IASTE National Strategic
Council Advisor | Accelerator Advisory to MOD | Supporting BU Campaigns
(Finland, UAE, Canada, etc.)

UK Starburst space mentoring | Kenya Airways innovation arm launch | WAI 2021 Diversity Speaker | Female

Innovation Events Founders Panel | Scotland Innovation Event

Engagement

Impact Ladder q Start Up Victoria | Boeing Scotland Alliance | ScotlandIS | WebSummit | NYC Angel Investors | Hanger 51 Demo day | Vestas
Ecosystem Canvassing : ) .
Ventures Mentoring | Plyable Canadian Subsidiary growth

ESTABLISHING

Maintaining a substantiated global presence in a virtual world across time zones

BOEING PROPRIETARY



BOEING PROPIETARY

Aerospace Xelerated Programs

P Finland
® e i S
Canada __ Cohort 3 ’
Germany China
Kuwait @ A;’f Open for applications
KSA UAE
Qatar India
oCT .
y y Down selection
enya 21
¢
aLo DzElc Selection day
AN
1,22 Program start
@ Scoping @ Active Complete Supporting

Aligning autonomy & Al Boeing champions to capability areas to ensure buy in

BOEING PROPIETARY



Thanks

For updates, contact

Nichola Bates

+44 (0) 7392 281586

linkedin/nicholabates

Jacgueline Davidson

+1 (314) 327-0083

linkedin/jsnedavidson


mailto:jd@xelerated.aero
mailto:nb@xelerated.aero

Alan Fisher

With 35 years’ experience in the sector, Alan is working to grow the

membership of the UK'’s longest established aerospace and defense trade
body.

FAC supports hundreds of companies mainly in the south and south east
that work in the aerospace sector and its supply chain.





http://www.fac.org.uk/

O FAC s a not-for-profit trade

association acting as a
facilitator of business between
large global primes and the
supply chain in the South East
and East of England

FAC has 130 fee paying
members with a vast array of
capabilities

FAC is in Farnborough,
Hampshire — ‘The Home of UK
Aerospace’.

www.fac.orqg.uk



http://www.fac.org.uk/

www.fac.orqg.uk

\\
Serving the south



http://www.fac.org.uk/
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GENERAL DYNAMICS
United Kingdom Limited

LLLLL SAFRAN
RRRRR Messier-Bugatti-Dowt EAT‘N

Powering Business Worldwide
THALES

www.fac.org.uk
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ELECTRONICS

www.fac.org.uk
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www.fac.org.uk



http://www.fac.org.uk/

Governme

-

G
AGP

Aerospace Growth Partnership

AGP Board

—— Manufacturing &
( acHBToc) Strategy Supply Chain Engagement
Competitiveness

£1.95Bn to 2026
matched by industry

www.fac.org.uk
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The Future Flight Challenge

Demonstrates aviation
systems incorporating
Iow environmental
°t, electrified,
1singly

 autonomousair

vehicles and airspace

management by 2025

s1ble aurbdme
transnt and

INDUSTRIAL
STRATEGY

Unlocks new aviation
markets worth over
2Tr and enhances
UK prospectsin the
$17Tr conventional

~ aviation markets to

~ 2050

Alrborne transformatlon of UK connectlwty exports, productivity and mobility

UK Research
and Innovation

www.fac.org.uk



http://www.fac.org.uk/

Addressing the Future Flight Challenge

Future Air Transport & Services as a System of Systems
» System of systems architecture
« Synthetic modelling environment
- Assess safety, environmental and economic impact
» Publicengagementand survey

Novel Air Vehicle Demonstrators Ground hfrastnﬂure Systems
« Drones with scalable Demonstrators — C“y & sub-
autonomy | | regional almq]l "
+ Synthetic environment for

airspace management system - Al Electric/ Hybri d VTOL

+ Airspace management
demonstration — drones in ﬂ; w

« Al Electric/ Hybrid CTOL

Nt

L4

INDUSTRIAL
STRATEGY

New operating models for users
and commercial operators of air
services

- Future market'synthetle®
environment

PR Drone systcn semces
. Buslness models for
§ electnﬁed urban and sub-
regnonal air vehlcles

Engagement of authorities is critical (including DfT, BEIS, Local and City Authorities, TfL, CAA, OFGEM)

UK Research
and Innovation

www.fac.org.uk
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ECHNOLOGY
STRATEGY 2015

INITIATED

195 UNIQUE
PARTNERS
INVOLVED

www.fac.org.uk
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ZEBO INSTITUTE :
A Torealise

zero-carbon
emission

0 AEROSPACE
FLYo TECHNOLOGY

commercial flight
by the end of the decade

www.fac.org.uk serving the South 2%
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22 million

litres of kerosene
used from Heathrow
every day in 2019

Rix, 2021

www.fac.org.uk
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Team FlyZero

The FlyZero Team is made up of experts on secondment from the organisations shown here as

well as independent applicants.

+
AI R BUS R{ “ GKN AEROSPACE SPIRIT
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AEROSPACE
> TECHNOLOGY
‘ INSTITUTE
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Manufacturing MOTT
MACDONALD

Technology Centre

www.fac.orqg.uk

AEROSYSTEMS e

@ Reaction
Engines
Belcan
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Working with the whole ecosystem

www.fac.orqg.uk

\NVESTORS

aintenance,

PRODUCERs
S¥01v43dO0
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Travelling Public

USERS

W
Serving the south



http://www.fac.org.uk/

National Aerospa

Exploitation Prog
(NATEP)

www.fac.org.uk

£40M invested so far
(including £23M from
Government)

1,200 jobs through
100 projects

To support technology
development throughout
the supply chain


http://www.fac.org.uk/

_ < 2‘\
‘.1/ X /
|
has now de ( Skills and

million training | Capability
the lead 43 have \ :
confirmed winning i 48
of £1.6 billion of contre

a result of participating.

www.fac.org.uk
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* A collaborat
national level,
regional trade asso
accredited training pro

Overseen by the Aerospace G

Plans for SC21 to be e
Competitiveness Charter an
Manufacturing Competitive
Competitiveness+Growth (C+G) prog

www.fac.org.uk
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Going Forward

« UK Mission 20221/22

« Farnborough 2022

www.fac.org.uk Serving the SoUt" an
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Want to know more...... e: alan.fisher@fac.org.uk

: : : t: 01252 375600
For more information or to discuss how we can help

) : m. 07827 309727
you achieve your requirements please contact Alan _
Fisher on: w: www.fac.org.uk

d
www.fac.org.uk serving the South 2%
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Conclusion, Question and Answer Session

Submitted questions will now be answered by
panelists.



