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Rocket Science Basics (1)

» Three key concepts :

« Payload : ltem delivered by the launch AV = I, goln initial
vehicle Sp Mfinal

» Thrust > Newton’s Third Law : For
every action there is an equal but
opposite reaction AV = Total velocity change (m/s)

- Delta-V : Total velocity change that must Isp = Specific impulse (s) measures
be imparted on a vehicle — attitude the performance of the rocket
change to launching to orbit go = constant — 9.81 m/s?

propellant + mg;,,
Mg = dry mass (kg)

» How does this relate to the sizing of a
launch vehicle?




ORBIT PLANE

Rocket Science Basics (2)

i=30°
— EQUATOR — —

» Orbit : If it has enough tangential velocity it will not fall
into the body but will instead continue to follow the

curved trajectory caused by that body indefinitely. The - INDICATES AREA OVER
object is trj1en sgid to be orgiting the gody. ! CLZZL WhIGHSATELLTE PRSSES mages credi: wnw pub.con
» Orbit defined by 2 key parameters :
* |Inclination : Angle between the orbital plane and Total Velocity Change Needed To Reach A Circular Orbit
the equator (degrees) 1

« Altitude : The height of the orbit above the
Earth’s surface (km)
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» Total AV = Kinetic Energy + Potential Energy +
Losses - Higher the orbit altitude the harder it is to g
get there (see graph right)

locity [m/s]
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* Q. So... what does this mean when | compare launch o0
vehicles?
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Rocket Science Basics (3)

Q. So... what does this mean when | compare launch
vehicles?

A. Mass of payload that can be delivered to orbit
reduces as the altitude increases

- Must always compare launch vehicle performance
to the same orbit!

Q. So how can | increase my payload to orbit?
* Increase performance of the rockets (Isp)

» We will see this briefly later when
considering the anatomy of a launch vehicle

» Reduce the mass of the rocket
» Improve the materials technology used

* Get rid of unneeded mass as the vehicle
travels to orbit = staging
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Anatomy of a Launch Venhicle (1)
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Images credit : Blue Origin,
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Anatomy of a Launch Venhicle (2)
How they stack up @soumy @ Space

Height 1106 metres | LAUNCh
w0, T
] ; B
: @ BigBen @ Space Launch |(wmms
1104 Height: System (Block 1)
= @ Space Shuttle 95 metres Height: S8 metres
]00" Height: 56.1 metres ® Angara7
E Height: 70
m = metres
- ® st of ® Falcon (estimated)
80 Liberty Heavy
] Height: 46 metres Height: 69
70 3 v Images credit :
3 Space Answers




»” f tomy of a Launch Vehicle (4)

Images credit : Space X



Anatomy of a Launch Venhicle (5

1ST STAGE FUEL/LOX TAMNK — PAYLOAD FAIRING
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Anatomy of a Launch Venhicle (5)
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Anatomy of a Launch Venhicle (6)

* Name : 1st Stage Propulsion System

» Function : Provide sufficient thrust to accelerate the
launch vehicle to approximately 2.6 km/s
* # of units :
» 1ststage propulsion system
« 2" stage propulsion system
+ Attitude control (hot gas)
* Type : Pressure fed, liquid bi-propellant
* Fuel : Kerosene
» Oxidiser : Liquid Oxygen (LOx)
» Performance : approx. 300 sec
+ Key Components :
* Pressurant tank (Helium)
* Fuel tank
» Oxidiser tank
» Thrust vector control

* Alternatives :
+ Solid rocket motors
* Hybrid propulsion systems

I

SpaceX Merlin Engine Test Images credit : Space X




OHB-System

Anatomy of a Launch Venhicle (6)

Small GEO
» Name : 1t Stage Propulsion System E;CS)?eurlelon
 Function : Provide sufficient thrust to accelerate the -,
launch vehicle to approximately 2.6 km/s I_E_Dﬁ—m P03
- #of units : AT

» 15t stage propulsion system
« 2"d stage propulsion system
« Attitude control (hot gas)
» Type : Pressure fed, liquid bi-propellant
* Fuel : Kerosene
» Oxidiser : Liquid Oxygen (LOx)
» Performance : approx. 300 sec
» Key Components :
» Pressurant tank (Helium)

Images credit :
OHB-System
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Anatomy of a Launch Vehicle (7)

« Name : Payload Adapter

Images credit : Space X & Inmarsat

« Function : Interface between the payload and the
launch vehicle, responsible for ejecting the satellite
once it reaches orbit

« # of units :

 Single payload, single adapter (right)

« Type:

» Adapter is defined by the diameter of the
interface — multiple diameters available

« Key Components :

« Payload adapter structure
« Clamp band
 Electrical supply, purge ... TBC by customer

« Alternatives :

» Depends on the payload provider — tailored to

- X F
their need or the launch opportunity Inmarsat S ULl




Anatomy of a Launch Venhicle (8)
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Anatomy of a Launch Venhicle (9)

* Name : Fairing

» Function : Protect the satellite during the initial

launch phases and ejects itself once it is no longer
needed
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« 2 clam shells

* Type:
» Separate structure
« Key Components :
 Structural shell
« Separation system

* Alternatives :
 No fairing e.g. crew capsules
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Anatomy of a Launch Vehicle (10)

7. Stage Re-entry

4. Fairing Separation
Burn
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Anatomy of a Launch Vehicle (11)
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Anatomy of a Launch Vehicle (12)
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Where to Launch? (1)
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Where to Launch? (3

Delta Operations Center
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Future of Space Access (1)

sy SpaceX

Partial Reuseability (SpaceX F9 landing on a barge) Full Reuseability (Reaction Engines Skylon) l
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Seizing new opportunities

» The UK Government aims to grow the UK'’s share of the global space market to 10% by 2030.

» We are supporting UK industry to seize new opportunities for growth — including in two growing
commercial markets:

Small satellite launch
» Planned satellite constellations will generate increasing demand for small satellite launch.
« An estimated £25bn global market to sustain these networks over 20 years.

Sub-orbital flight

» Sub-orbital flights provide a unique environment for science experiments.
« Companies are also targeting the tourist market.

» An estimated £10bn global market.




Creating an enabling environment

Reg u |at0 ry » We intend to legislate for a new regulatory framework to
ensure UK spaceflight activities are safe.
framework -

S u Stal n able « We are engaging with industry to encourage sustainable
interest in the operation and use of UK spaceport services.
market . b

I nterna“o nal « We are learning from other nations’ experiences, and will
use our global links to help companies who want to operate

engagement in the UK.




Regulatory Framework

So where are we at the moment? UK Space Agency regulate overseas

launch and payload operations by UK companies and UK nationals under
the Outer Space Act 1986.

The Space Industry Bill (formerly the Spaceflight Bill) introduced to the

House of Lords in June 2017 -> first step in the process to create new
laws and a regulatory framework to enable exciting new technologies to
operate safely from the UK.

Key : Joint initiative by the Department for Transport, UK Space Agency

and Civil Aviation Authority supported by the Health and Safety Executive
—> Builds on existing expertise and regulations

* The bill introduces measures on :

Licensing of space, satellite operations, sub-orbital activities and of
spaceports

Range control: the equivalent of air traffic control for launching
vehicles into space

Ensuring safety and security
Addressing liabilities, insurance and cost recovery
Compliance oversight, enforcement and appeals

* Next steps, a period of scrutiny within Government and engagement with

industry and other interest groups to develop the detailed regulations

Our regulatory ethos

Our objectives and principles Our approach

% We will:
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balance risk appropriately
amongst our three objectives

be joined up, providing a
single entry portal and one

,Zsb»s license for each activity

2 & Integrity \gs %

G ictabili Q. Tz k licyi d
NS Predictability 2 /% make policy In an open an

@C\OQ Responsiveness \% % transparent way, in partnership
@ Enabling N with our stakeholders
3 5
A

Minimise the risk to uninveolved third parties,
keep those directly involved as safe as possible

i 74
Department (/‘ .

HSE|].
for Transport UK SPACE .

What'’s in the Spaceflight Bill?

. rator .
Regulations Range Qpe L Delegation
2 , _— : licenses .

Definitions, duties, Definitions, services, e Appointment of other
ohibitions licensin ' egulato
prohibition icensing spaceports, T&Cs regulators

Participants & .

P Sl . Security Enforcement
staff Safety regulations, . Compli
Consent, fithess accidents Exemptions, e i,

] ) . ’ byelaws, assistance directions, powers
qualifications/training assistance
Liabilities Land powers Sanctions Appeals
Indemnities, Rights, restrictions, Offences, penalties, Panel, rights,
insurance displacement defences, sanctions circumstances

Miscellaneous el
. . Amendments,
Charging, advice, . .
interpretation,

other countries

commencement
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