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Welcome to Arrow Flyers

Welcome to the first edition of Ar r 0 w okrinewsettes which aims to keep you up to
date with our progress, particularly if you have an interest in jobswith . £ I O] | NNER &

{ LI OS ¢ S @i yfelihgiskdnSke our vision become reality.

We have been very busy behind the scenes of the last few months developing our
website and social media presence, talking to potential investors and supporters, looking
at premises, developing our designs and stepping out in to public by exhibiting at major
trade shows.

In this newsletter, and in subsequent issues, we aim to keep you up to date with
developments, tell you more about our plans and introduce you to our team. This issue
has an introduction from our Chief Executive, Paul Williams. Subsequent issues will have
commentary from other leading members of our team.

If you have friends and contacts who you think might also be interested in our work
please encourage them to Like and Follow our Social Media pages on Facebook, Twitter,
LinkedIn, Instagram and YouTube and to sign up for future editions of this newsletter by
clicking the “Email Signup” link on our Facebook page or by completing the signup box on
the Black Arrow website.

If you have any questions, or if there is anything you would like to see featured in this
newsletter, please feel free to email us at outreach@blackarrow-space.uk. We look
forward to hearing from you!

About Black Arrow

Black Arrow Space Technologies is a technology company developing a satellite launch
system designed to launch satellites into orbit from a seaborne spaceport—our own
Space Ship! We will design and manufacture the launch vehicle from bases in
Oxfordshire and South Wales. The vehicle will be constructed using advanced
composites, and will be fueled using Liquified Natural Gas (LNG) and Liquid Oxygen (LOx).
Propellant tanks will be manufactured by our sister company, Astrotanks.

Our ship fleet - the launch vessel and support vessels — will be based at a port in South
Wales, where the launch vehicles will be manufactured and final preparation work will
take place before setting sail to the launch site in the Atlantic, South West of Ireland.

We are aiming for our first test flight to take place within two years.
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Special points of interest

e Britain’s last satellite launch
took place at Woomera, South
Australia, on 28 October 1971,
using the original Black Arrow
R3.

e With that launch we became
the 6th launch nation in the
world

e Black Arrow R4 can be found in
the Science Museum, London

e We hope to mark the 50th
Anniversary by launching our
first test flight by October 2021
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Emma Shaw (2nd L), postgraduate student of
Aerospace, Aeronautical & Astronautical
Engineering at Swansea University and Lizzie
Findley (2nd R), undergraduate student of
Aerospace, Aeronautical & Astronautical
Engineering at the University of West England
joined us at DSEI at London’s ExCel

future!

Emma Shaw
We were joined
exhibitons iIin September

Rachel McLaren (R), postgraduate student of
Chemistry at the University of South Wales
and Liv Scott-Golding (L), undergraduate
student of Physics at Bristol University at the
UK Space Conference at the ICC Wales,
Newport
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Defence & Security Equipment Exhibition 2019

Attending DSEI and working alongside the Black Arrow team was an excellent
experience, and an opportunity which | am very grateful to have been given. It

provided me with a better insight into the industry | am studying towards, as well as

the chance to meet employees of other companies and find out more about the roles
they play in the industry. It made it apparent how quickly the UK Space Industry is
expanding, and how the level of demand for the associated expertise is rising.

The emphasis on support for small, innovative companies at DSEI was clear, despite
being an exhibition primarily aimed at the bigger companies in the industry.
Dedicated | n n o vaadtS@ rahabs provided small companies with exposure, and
the Innovation Hub presentation area allowed for the passing of wisdom — from
companies who had not long ago been in the Start-up stage themselves, to those just

beginning their journey.

There was a very positive response to Black Arrow, with
great deal of interest from everyone from potential
clients/customers to those just curious about the UK
Space Industry. It is a very exciting time for the
company, and | hope to work closely with them in

DSEI

10-13 September 2019
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ExCel, London www.DSEl.co.uk
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UK Space Conference 2019

A few weeks ago | had the pleasure of
attending the National Space Conference
where | was invited as an Ambassador for
Black Arrow Space Technologies. | couldn’t
have ever imagined how thought-provoking
and interesting it would actually be.
Everywhere you looked was innovation and
smart technologies, amongst some of the most
brilliant and influential minds in the UK space
sector. Not only was | honoured to be
considered a WISE (Women In Space
Engineering) Ambassador, | was there to
appreciate all the potential career paths this
sector has to offer. As a third-year Physics
student my interests lay in the field of
satellites and rockets, where I’'m hoping my
potential employment prospects will develop,
but to have the privilege of meeting a real-life
astronaut just confirmed that even more. Tim
Peake is a mega space celebrity and boy did |
fan girl hard! It was such a great opportunity
to work alongside Black Arrow. | was
fascinated to learn how they are developing
ground-breaking ideas within the space sector
and it was an insight into the importance of
networking and meeting other great like-
minded businesses and people. I've never
seen such brilliant ideas and inventions in such
a beautiful venue and to hear talks on how
rapidly this industry is growing was just mind
blowing. This is something to get excited
about because the UK is about to take on the
great space race 2.0.

Liv -Gxlodi ng

The UK Space Conference allows an insight to the
advances made within the space sector by
coalescing individuals from academic, industrial
and governmental settings, to allow an exchange
of ideas and the development of relationships to
occur. From the perspective of an individual in
academia, it can extremely beneficial to establish
collaborations with industry, to contextualise and
mature new research and ideas. From a
chemistry-driven research viewpoint, there is
considerable potential for the invention and
synthesis of new, enhanced materials, which
meet the demand for the precise criteria
required for applications within space craft
components. Materials which offer weight
savings, can withstand their structural integrity at
cryogenic temperatures, have high elastic
stiffness and high tensile strength and resist
static, dynamic and thermal stresses are
desirable, and attend to the specific
requirements which make the material fit for
application. Not only should the material be
compatible within an earth environment, but it
should also be able to withstand the changing
conditions within the space environment. Such
demand really stresses the importance in
research, to create new innovative materials,
which can attend to these specific requirements.
Without the opportunity to network and meet
individuals within the industrial space sector,
individuals, like myself, would not be aware of
such demands. Conferences are a great way to
develop an understanding of how the research
conducted within university-driven environments
can be applied to real life scenarios.

Rachel McLar en
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The Black Arrow Vision

Black Arrow was formed in October 2017 (this newsletter is published on the
2" anniversary of the incorporation), although the overall concept has been
around for some years. | feel we have achieved a great deal in that time, and
we have a great deal to look forward to.

Using a seaborne platform as a base to launch commercial satellites from
was pioneered by Sea Launch LLC, from Long Beach, CA, in the 90’s.
Although using bigger rockets and serving higher altitudes, Sea Launch
proved beyond doubt that the concept was sound — it was a question of
finding the right operational conditions to make it work to its potential. We
think Black Arrow has a better chance of success, largely owing to where it
will be based —in the UK — at least for the first part of its development.

We intend to be the most ecologically friendly of all launch services, with a
green propellant combination that will support recovery and reuse of stages,
efficient propulsion on our vessels, the use of non-mined materials as much
as possible, and avoiding destruction of important habitats.

Black Arrow will lead the world: in low-risk and cost-effective launch
capabilities; in supporting education of a new breed of students whose
environmental concerns are addressed; and to bring a truly global service to
encourage sustainable commercial use of surface and space environments
alike.

Welcome all.
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Astrotanks

Black Arrow has a sister company,

Astrotanks Ltd.

Astrotanks are developing high
performance pressure vessels for
use in satellite propulsion systems,
launch vehicles and commercial
aircraft to store propellants and
fuels, ambient gases and liquids and
cryogenic liquids with pressures up

to 300 Bars.

The vessels will be custom designed
to meet the requirements of each
mission and platform using
patented techniques developed in
the Space and Formula 1 sectors,
manufactured in aerospace-grade
alloys, high performance polymer /
composites or alloy / composite
hybrids as required by the

application and mission.

Design and manufacturing work will
primarily take place in Oxfordshire,
in partnership with supplier and

partner companies around the UK.

We have some ground-breaking
techniques in place to design and
manufacture these key products.
And, of course, the tanks will be at
the core of the Black Arrow launch
vehicle. Keep an eye on the
Astrotanks website, our Social
Media Channels and future editions
of this newsletter for news of job

opportunities.

ASTRO
HANKS



Black Arrow Space Technologies

Our registered office is in
Swindon, Wiltshire. However, as
soon as our funding is confirmed,
we have an option on a building
in Abingdon, Oxfordshire, near
the Harwell Space Cluster and in
the centre of the Formula 1
industry where many of the
composite techniques we will be

using have been perfected.

We also have an interest in a
new innovation centre at
Westcott, near Aylesbury, and
are also looking South Wales for
our fleet of ships and final
manufacturing and launch

preparation facilities.

Outreach

We are keen to come and talk!

Black Arrow Online

We have two websites, one for Black Arrow and one for Astrotanks. As our plans
progress we will be updating and refreshing these sites, so it is worth keeping an eye
on them both:

Black Arrow: www.blackarrow-space.uk

Astrotanks: www.astrotanks-Itd.uk

We are also active on Social Media, where we regularly post updates about our
activities as well as more general space industry news. Please Like our Facebook page
(@BlackArrowSpace) and Invite as many of your friends and contacts to Like the page
too—help spread the word! Similarly we have Twitter and Instagram pages
(@BlackArrowSpace) and a LinkedlIn Page (@Black Arrow Space Technologies). If you
haven’t seen our Seaborne Rocket Launch Video it is available on YouTube (Search
“Black Arrow Space Technologies”) - subscribe to the Channel for more videos we will
be producing and publishing soon.

If you have any questions, comments or features you would like to see in this
Newsletter or on any of our Channels please email outreach@blackarrow-space.uk

I » @[T, @ YouTube

If you have a Space or Engineering Society on your University campus (in the UK please!), we are very happy to come

and give presentations to your members — whether it is a general presentation about our ambitions, a focused
presentation on job and career opportunities or a detailed presentation on some of the engineering challenges.

All we will need is access to a video projector to show our Launch video and presentation, space to put up a small
exhibition stand, a table to display a few leaflets — and an audience! The more notice you can give the better so that
we can make sure that the right member of our team is available on the day—and we have time to prepare the
presentation if you have a particular topic in mind.

Email us at outreach@blackarrow-space.uk with your contact details, or message us via our Facebook page, and we
will call you back to discuss the arrangements.

We look forward to meeting you.

BLACK ARROW



