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The Evolvmg Iievolutlon in Manned
Space Exploration
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~ Where we

“have been.



Mercury 1961-1963

6 Flights Gemini 1965-1966

10 Flights

27 Manned Space Missions
2.5 Manned Missions per year
2.25 Manned lunar missions

per year after Apollo 8

Apollo 1968 — 1972
11 Flights
9 Lunar Flights
6 Lunar Landings
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Apollo — Soyuz Skylab

One Flight — July 1975 1973 -1979
3 Crewed Missions — 9 Astronauts

28 — 59 — 84 Days






International Space Station 1998 — Today
To date — 50 ISS Missions — 388 Astronauts




In Perspective:

Total astronaut DAYS
in low earth orbital space:

Total astronaut DAYS
In deep space
beyond the Van Allen belt:




Where are we now?

United States
Russia
China

SpaceX
Boeing
Blue Origin - New Glenn / New Shepard
Dream Chaser
Mars One



Government Programs:

Maintaining ISS
Mars is the current primary exploration destination
Possible Asteroid Mission

Servicing 1SS
Lunar Base Plans

Building Space Station
Lunar Base Plans






15t SLS Launch
Scheduled

September 2018
KSC Pad 39B




- 1t NASA Manned Mars
34 '- Mission
Scheduled for 2030’s
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- Asteroid Mission?

Lunar Base?




SpaceX

Dragon

Boeing
Starliner

Sierra Nevada
Dreamchaser
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New Shepherd
Suborbital Rocket
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VUMY MARS
COLONIAL
TRANSPORTER

FALCON HEAV

FALCON 9




Interim Cryogenic
Propulsion Stage
(ICPS)

Exploration

Exploration Upper Stage

Upper Stage

Core Stage Core Stage
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Solid
Rocket
Boosters

Advanced
Boosters
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Landing at Sea




The Technical Secret of the Booster Landings

Reduces atmospheric vehicle heating, terminal velocity and damage.






Recovering Boosters — An Essential New Exploration Architecture

LALNCH: CRE-1
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SpaceX Cost Analysis: Blue Origin Landing

Cost of Falcon-9 Mission without re-use: 561 million
Cost of Falcon-9 Mission with re-use : 537 million

40% Net Cost Reduction per Launch
$1,220 per pound vs. $740 to LEO
$3,390 per pound vs. S 2,056 to GTO



BLUE ORIGIN NEW SHEPARD VS SPACEX FALCON 9 UPPERSTAGE CONTINUES INTO OREIT

FIXED VERSION WITH PROPER SCALING ON FALCON 9 TRAJECTORY

<20km ~95km

BOOSTER LANDING CLOSEUP

~200km

%, THREE ENGINE BOOSTBACK BURN ENDS

when the baoster's rsjectory will bring itinto the ocean

‘
INS
land

, LANDING BURN BEGINS

grid fins begin steering the booster

E ENGINE BOOSTBACK BUR
e th

e velocity of the booster and bring it back

GRID FINS DEPLOY

to quide the stage towards land

KARMAN LINE (100km) 100.5km

THE "BOUNDARY" OF SPACE

« REENTRY BURN BEGINS o GRIDFINS STEER BOOSTER
the!

at 70km in altitude asitfalls tow,

/ MECO AND STAGE SEPARATION

the upper stage continues on inta orbit

o REENTRY BURN ENDS /

at &0k in altitude

DRAG BRAKES DEPLOY

toslow the vehi wn

« LANDING LEGS DEPLOY

only moments befare touchdor

SINGLE ENGINE LANDING BURN BEGINS
RN BEGINS . about 30 seconds priorto landing
fi

ore landing

BLUE ORIGIN NEW SHEPARD SPACEX FALCON 9




SPACEXFALCON 9
LAUNCH PROFILE
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The New Private Space Transportation System

SpaceX and Boeing
15t Flight — SpaceX - May 2018
Russia Soyuz Contract Ends Sept. 2018

CURRENT COSTS:

Soyuz Flight: S81 million per seat
Seven Astronauts Transport Costs to ISS:
$567,000,000
(Compared to cost of Space Shuttle
Mission: S455 million)




HOW MUCH NASA IS PAYING RUSSIA
TO SEND ASTRONAUTS INTO SPACE, PER SEAT

$100M

BUSINESS INSIDER
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Estimated annual savings: $217 million
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SpaceX Falcon Heavy Scheduled for Launch early to mid 2017 from KSC

Artist’s View
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