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Not refilling in orbit would require a

3-stage vehicle at 5-10x the size and cost

Spreading the required lift capacity across
multiple launches substantially reduces

s schedule

development costs and compresse

Combined with reusability, refilling makes

performance shortfalls an incremental rather

than expo nential cost iIncrease




Allows reusability of the ship and
enables people to return to Earth easily

_everages resources readily available on Mars

Bringing return propellant requires approximately

2 times as much mass departing Earth
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SYSTEM ARCHITECTURE

TARGETED REUSE PER VEHICLE
1.000 uses per booster

100 per tankar
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Carbon-fiber primary structure
Densified CH, /02 propellant

Autogenous pressurization
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VEHICLES
BY PERFORMANCE
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Cycle
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Length 77.5m
Diameter 1Z2m
Dry Mass 275
Propellant Mass 6,700 t
Raptor Engines Y,

Sea Level Thrust 128 MN
Vacuum Thrust 138 MN

Booster accelerates ship to staging velocity, traveling 8,650 km/h
[5,375 mph) at separation

Booster returns to landing site, using 7% of total booster prop load
for boostback burn and landing

Grid fins guide rocket back through atmosphere to precision landing




Engine configuration
Outer ring: £1
Inner ring: 14

Center cluster: 7

Outer engines fixed in place

Only center cluster gimbals




Length
Max Diameter

Raptor Engines

Vacuum Thrust

Propellant Mass

Dry Mass

Cargo/Prop to LEO

Cargo to Mars

49 5 m

17 m

3 Sea-Level - 361s I

6 Vacuum - 38/7s lsp

31 MN

Ship: 1,950 1
Tanker: 2,500t
Ship: 130 t
fanker: 90 t
Ship: 300 1
lanker: 380 t

450 t [with transfer

p

n orbit)




SHIP CAPACITY
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ARRIVAL

From interplanetary space, the ship enters ths
atmosphere, either capturing into orbit or proc

directly to landing

capability and advanced heat
ship can decelerate from entry

ls at Mars and 12.5 km/s

G-forces [Earth-referenced] during entry are

approximately 4-6 g's at Mars and 2-3 g's at Earth




First ship will have small propellant plant, which will be expanded over time

Effectively unlimited supplies of carbon dioxide and water on Mars

2 million cubic km ice

29 trillion metric tons CO2

WATER MINING : : . ELECTROLYSIS : . LIQUEFACTION
1 + STORAGE

SABATIER | . LIQUEEACTION
€02 COLLECTION ' + STORAGE

2H,0+CO, 20, +CH,




FARBSCATIOM COFST

LIFETRWE LaNCHES

LALUMCHES PR MARS TRIF

AVERALDE MAINTERARCE COST PER USE

TOTAL COST PER ONE HARS THW
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FUNDING

Steal Underpants

Launch Satellites

Send Cargo and Astronauts to 1SS
Kickstarter

Profit




NEXT STEPS
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