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1. Risks and costs drivers for NASA DF




NASA reference mission
9 SLS launches + LEO assembly

Cargo MTV
(3 Ares-V Launches for 2 Cargo Vehicles)




NASA scenario (DRA5, 2009)
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DL feasbiity (0 be proves

Probabil ity of Fallure

NASA DRAS5, page 147: Precursor activities/reliability growth implications

The immaturity of the developmental technologies tire needed to complete a M;
mission will have to be addressed through testmgrecursor missions. Through
demonstrations and experience, a reliability gromithoccur as flaws are tested out
the design. The high-risk developmental technokthat were identified for a Mars
mission are (top 3):

e Mars EDL

* Nuclear propulsion in space

« Surface nuclear power



Maturity of Lox Methane Engines (from NASA DRAS, page 363)
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Development Figure 7-36. Example of a

technology maturity curve.

NASA DRAS page 364: “A reasonable goal would betfa precursor activities
of the (first) decade to drive the maturity curf@seach technical discipline to
such higher values that the probability of safeosstut return is above 8.5 or 0.9




Risks and costs are tightly linked

- New EDL systems for giant spaceships with complex
procedures => low maturity => numerous scale-1 tests in
Martian atmosphere => expensive preparatory missions

Nuclear propulsion systems for giant spaceships => low
maturity => numerous scale-1 long duration tests in space
=> expensive preparatory missions




2. Impact of smaller crews
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a) 10 m diameter vehicle b) 15 m diameter vehicle

Payload delivered to the Martian surface for L/D=0.3.

Graph from Christian and co-authors, Journal of Spacecratft
and Rockets, 2008.

24 tons of payload => total: option a¥® or option b) 295
2 small < 1 big !




2 mailn reasons:

Heavier spaceships => higher ballistic coefficients

a) => higher heat loads per ém> thicker heat
shields and heavier thermal control sysi

b) => more lift required to avoid surface crash =>
vertical velocity ok but higher horizontal velocity
=> more propellant required for final braking
phase => heavier landing vehicle




Crew size impact on NASA scenario, chemical optfoom Salotti, Heidmann
and Suhir, submitted to IEEE Aerospace Confererfieb4.

System

Direct impact:
Consumables, life support
systems, rover, propellant,
engines, etc.

Entry, descent and landing
of the two cargos

Aerocapture for the
manned vehicle

No LEO assembly. 3 cargo
vehicles instead of 2 and
separation of the TEI
propulsion module for the
manned vehicle.

Reduction rate if a crew of New |IMLEO (starting at

3ischosen instead of a crew

of 6

C1: 36%
C2: 37,5%
MV: 34%

Cl: 26%
C2: 26%
MV: 0%

C1l: 0%
C2: 0%
MV: 29.3%

C1:-23t
C2:-23t
MV:-22t

for a crew of 6,
NASADRADS, branch 3)
C1: 230t
C2: 230t
MV: 352t
Total: 810t
Cl: 172t
C2: 17zt
MV: 352t
Total: 696t
Cl: 172t
C2: 172t
MV: 249t
Total: 548t
C1: 149t or. C1:99t (ex.)
C2: 149t C2:99t

C3:100t
MV: 227t or: MV:113t




3. Low costs preparatory mission:

Hypothesis: crew of 3, 30-40
tons a Mars entry

EDL systems:

- 70° sphere cone

heat shields (highest TRL)

- 30 meters DGB parachutes
- Well-known procedures

— 1 or 2 preparatory missions

. ;.f::;%__..r:' _';_.. _..". _ i - H
ldea: MSR with 30-tons entry = =i .
vehicle !l 1 SLS launch!!!




Othercosts

SLS TMI capability = 45 tons

Cargo 1, MAV => 1 SLS launch

Cargo 2, SHAB => 1 SLS launch

Cargo 3, tools and rovers => 1 SLS launch

Manned vehicle, 227 tons ?7??

|dea: separate the propulsion stage for the return and the hab!
— 2 SLS launches

Impact on costs: no LEO assembly, no NTR development and
NTR preparatory missions to achieve maturity

=> Important savings!




Rendezvous In Mars orbit for the ret

ERV1: prop. system

ERV2: Main hab
for TEl and capsule p
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Conclusion:
reduced-costs and
simplified’ roadmap

= Mars closer than ever
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