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Why Space Flight?
The National Aeronautics and Space Act (1958)

(1) The expansion of human knowledge of the Earth and of phenomena
in the atmosphere and space;

(2) The improvement of the usefulness, performance, speed, safety, and
efficiency of aeronautical and space vehicles;

(3) The development and operation of vehicles capable of carrying
instruments, equipment, supplies, and living organisms through space;

(4) The establishment of long-range studies of the potential benefits to
be gained from, the opportunities for, and the problems involved in the
utilization of aeronautical and space activities for peaceful and scientific
purposes;

(5) The preservation of the role of the United States as a leader in
aeronautical and space science and technology and in the application
thereof to the conduct of peaceful activities within and outside the
atmosphere;



Why Space Flight?
The National Aeronautics and Space Act (1958)

(6) The making available to agencies directly concerned with national
defense of discoveries that have military value or significance, and the
furnishing by such agencies, to the civilian agency established to direct
and control nonmilitary aeronautical and space activities, of information
as to discoveries which have value or significance to that agency;

(7) Cooperation by the United States with other nations and groups of
nations in work done pursuant to this Act and in the peaceful application
of the results thereof;

(8) The most effective utilization of the scientific and engineering
resources of the United States, with close cooperation among all
interested agencies of the United States in order to avoid unnecessary
duplication of effort, facilities, and equipment; and

(9) The preservation of the United States preeminent position in
aeronautics and space through research and technology development
related to associated manufacturing processes.
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NASA Remembers
Neil Armstrong
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Nuclear Thermal Rocket
For Piloted Mars- Asteroid Missions




Nuclear Electric Propulsion
for Piloted Mars - Asteroid Missions




JUPITER ICY MOONS ORBITER

Qlement of Project Prometheus)

reliminary Government Study Conflguratlon

20 on thrusters in 2 pods of 10 mounted on booms.
PPUs mounted inside Spacecraft Bus

3 m X/Ka band dish
(1 kW RF power)
2 kW Solar Array for —————», N o boom mounted
startup

Science Platforms
and Assemblies

PMAD Parasitic
Load Radiators

v‘\»

Gas ducts not attached

Single Xenon tan placed
to provide gamma™
shielding to

avionics/Instruments

177 m? radiator for
reactor and converter

waste heat rejection

2 PMADs located in

2 redundant 100 kWe Spacecraft Bus

Brayton converters Power Management &

Distribution
Guidance, Navigation &
Control Electric Propulsion
10% 5 deg Command & Data Handling Science Payload
Radiation Shieldin
Oval shield 20 m deployable boom Xenon Propellant Tagnk
550 kwt LM RCS thrusters: 2 groups of 8 at each
reactor end of vehicle with separate tank for
each system
ve
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June 12, 2003 PRE-DECISIONAL - For planning and discussion purposes only JRC -6



The Value of Technology Investments

Mars Mission Example

Improved Cryogenic Boil-off

-
2

(D .~

(@))

=

2 10 — R ——X

© ture at Mars

N

v Ad d Pre

" s

[4s i-Loop Life Supp f

2 RU Pr = f

©

O 6 u ce P

N

'a \ M S5
& b TSl X ____________________ | ________ \d

g \ "\x I—

z / s “‘ % \~h rrr\ F' t

» Without technology investments, the mass required to initiate a human Mars mission in LEO is
approximately twelve times the mass of the International Space Station (ISS)

» Technology investments of the type proposed in the FY2011 budget request are required to put
such a mission within reach









Aﬁ;w Rocket to Rival Saturn V

NASA plans to wse the Space Launch System
(5L5) to launch astronauts and heavy payloads

into Eath orbit and beyond
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How SLS Stacks Up Against Other Rockets

The Space Launch System’s
initial configuration (below, left)
can be enhanced later for better
performance (second from left). BOEING 747
232 ftlong
(71 m)

PAYLOAD

LIQUID-FUEL
BOOSTER

SOLID-FUEL
BOOSTERS

HUMAN

Toscate |
INITIAL FINAL
CONFIGURATION CONFIGURATION SATURN V SPACE SHUTTLE
SPACE LAUNCH SYSTEM
Country United States United States United States United States
Years of operation first launch to be 1967-1973 1981-2011
planned for 2017 determined
Destinations Earth orbit,  Earth orbit, deep space, Earth orbit, moon Earth orbit
deep space  asteroids, moon, Mars
Fuel type solid fuel, solid fuel, kerosine, solid fuel,
LH2/LOX LH2/LOX LH2/LOX LH2/LOX
Height 320 ft (97.5 m) 400 ft (122 m) 363 ft (110 m) 184 ft (56.1 m)
Lift capability 70-77 metric tons  up to 130 metric tons 130 metric tons 24.4 metric tons
Thrust 8.4 million Ibs 9.2 million Ibs 7.5 million Ibs 7.8 million Ibs
(3.8 million kg) (4.2 million kg) (3.4 million kg) (3.54 million kg)
LH2 = liquic hydrogen fuel
LOX = liquid oxygen oxidizes

Solid fuel = aluminum perchlorate composite mixture
SOURCES: NASA, LOCKHEED MARTIN KARL TATE / © SPACE.com




Hayabusa Visiting Asteroid Itokawa




Hayabusa Visiting Asteroid Itokawa




Hayabusa Visiting Asteroid Itokawa

Woomera
Dese 5 Muses Sea

Uchinoura Bay



Hayabusa 2 Visiting Asteroid Ryugu



https://www.nasaspaceflight.com/wp-content/uploads/2018/06/2018-06-15-210642.jpg
https://www.nasaspaceflight.com/wp-content/uploads/2018/06/2018-06-15-210642.jpg




Economic Analysis of 2-km M-Class Metal Rich

Asteroid
Component Fraction Mass Estimated | Estimated
of metal value dollar value
by mass ($/kg) ($ trillions)
Iron 0.89 |2.7x101%3 0.1 3
Nickel 0.10 |3.0x10%° 3 9
Cobalt 0.005 | 1.5x10%4 25 4
Platinum- 115 ppm | 4.5x108 | 20,000 9
group
metals
Total value 25




Mars Science Laboratory












Mastcam
RLGA
Antenna
REMS
High Gain

Robotic Arm

(CheMin, SAM inside the rover) Mobility System

Curiosity Mars Rover
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Fairing (68 ft) Load Reactor Adapter

Centaurinterstage
Adapter (12.5ft Dia)

Centaur
Booster Cylindrical :g 3‘:"’
Interstage Adapter o

Solid Rocket

Boosters
Aft Transition \’/_
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Centaur
5-Meter Upper
Payload Fairing single Stage

\ Boattail RL10 Engine
Atlas
Booster

Atlas V 541 launch vehicle, expanded view










Cruise Stage

Back Shell

Back Shell
Interface Plate
Parachute Support Y
Structure /‘{’
(W

Parachute

Bridle (

Umbilical

Mars Science Laboratory flight system, expanded view

Descent Stage

Rover

Heat Shield




Locations of landing sites for Curiosity and previous Mars rovers and landers

Phoenix

Viking2 o
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U(mle Crator, MSL Landing Site Images - Moz
File Edit View History Bookmarks Jools Help
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MSL Landing Site Images

Gale Crater
Primary Site: 4.49°S, 137.42°E
Elevation: -4451 m Target: Layered Sulfates, Phyllosilicates
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Mastcam
RLGA
Antenna
REMS
High Gain

Robotic Arm

(CheMin, SAM inside the rover) Mobility System

Curiosity Mars Rover
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Mission update from NASA-JPL via telecon
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Major gases released from the bedrock called “John Klein”
and analyzed by the SAM instruments
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Making Humans a
Multiplanetary Species

Elon Musk, SpaceX
at the
67" International Astronautical Congress (IAC)
09-27-2016



SYSTEM ARCHITECTURE
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BFR
118 m Tall Over 100 t Payload to LEO with Full Reuse




“Our vision is millions of people living and
working in space, and New Glenn is a very
important step. It won’t be the last, of course.”

Jeff Bezos, Blue Origin
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Where will we find life next?

If there's some place in our solar system that's secretly harboring life, you told us where you thought
it might be hiding. That icy shell didn't stop Europa from taking top honors, although you said you're
probably not ready to move there just yet. But once there's a Starbucks, most of us would be game.

® 471% eurorPA

Jupiter's icy moon has an ocean —
and we all know life likes oceans.

® 22.9% MARS

There's ice and water and maybe even
microbes in those dunes!

®16.2% TITAN

Saturn's cloud-covered moon has its own
atmosphere and methane lakes. Sounds
like a haven for alien creepazoids.

® 9.2% ENCELADUS

Saturn’s geyser moon seems like the
perfect place for life to take root.

® 2.5% JUPITER

The planet's clouds could be the perfect
home for hardy, blimp-like creatures.

® 2.1% VENUS

Sure it rains sulfuric acid and the days are
super hot, but there could be life lurking
under the Venusian clouds.

How willing would you be to live on a planet other than Earth?

A ¢ i ‘
N322% (g 274% 26, 1

I'll wait until a colony As soon as there's a I'd go, but only if | Planet Earth is the only
has been established ship with a seat for me, could return to Earth one for me.
somewhere. I'm game. eventually.

SOURCE: THINKGEEK.COM PHOTOS: NASA




lWhere will we find life next?

If there's some place in our solar system that's secretly harboring life, you told us where you thought
it might be hiding. That icy shell didn't stop Europa from taking top honors, although you said you're
probably not ready to move there just yet. But once there's a Starbucks, most of us would be game.

® 471% curorPA

Jupiter’s icy moon has an ocean —
and we all know life likes oceans.

@ 22.9% MARS

There's ice and water and maybe even
microbes in those dunes!

®16.2% TITAN

Saturn’s cloud-covered moon has its own
atmosphere and methane lakes. Sounds
like a haven for alien creepazoids.

® 9.2% ENCELADUS

Saturn’s geyser moon seems like the
perfect place for life to take root.

® 2.5% JUPITER

The planet's clouds could be the perfect
home for hardy, blimp-like creatures.

® 2.1% VENUS

Sure it rains sulfuric acid and the days are
super hot, but there could be life lurking
under the Venusian clouds.




How willing would you be to live on a planet other than Earth?

.-::jff;;;-_§ 322% gy 274% @ 269% 5, - 135%

I'll wait until a colony As soon as there's a I'd go, but only if | Planet Earth is the only
has been established ship with a seat for me, could return to Earth one for me.
somewhere. I'm game. eventually.

SOURCE: THINKGEEK.COM PHOTOS: NASA




New Horizons Team Finds Haze,
Flowing Ice on Pluto
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Haze Layers

| = = 31 mi above
Pluto’s surface




Haze Layers

31 mi above
Pluto’s surface
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Changes in Pluto’s Surface Pressure
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Changes in Pluto’s Surface Pressure
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Sputnik
Planum
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With advanced propulsion,
one must always look to the past
and look to the future.




