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Mars poses three
unique problems for
Human Spaceflight

1. Distance
2. Time Away from Earth

3. Mars Entry, Descent,
Landing — and Ascent

NASA’s human Mars Architecture Team
was challenged to further Explore #2
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Challenge Accepted:
Explore Opposition Class Trade Space

Conjunction-class Roundtrip Crew Missions

] | T &

Opportunity
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2039 Opposition mission increases roundtrip mission AV by >2x over Conjunction mission iy s
Rocket equation physics makes this exponentially more challenging
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Conjunction-class data prezented only indudes <1000 d roundtriptimes Opposition-clazs data presented only indudes =760 d roundirip times

Opposition-class missions are shorter duration—but require much more ener
2022 IEEE Aerospace Conference
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Presentation Notes
It always takes about the same amount of energy to get to the Moon and back, but energy needed to get to Mars and back varies from year-to-year



High Energy Transits Require High Energy Transports
Two nuclear-enabled options were assessed

2039 Mission Opportunity MNuclear Electric Propulsion
Shown (NEP)/IChem Hybrid

Vehicle Concept
(not to scale)

» Deployable modular radiators » MNuclear Thermal Rockets
= 100kWe Class Hall Thrusters 900s Isp, 25k Ibs thrust
Primary Technologies # Liguid Oxygen (LOX)/Liguid Methane » Zero Boiloff Ligquid Hydrogen (LH;) Storage
(LCH4) Chemical Propulsion
» Fero Boiloff LOX/LCH, Storage

Mission Characteristics Variant 1 Variant 2 Variant 1 Variant 2
Total Time Away from Earth 670 days 960 days 600 days 960 days

Time in Deep Space 730 days 800 days 690 days 800 days

Time in Mars Vicinity o0 days o0 days o0 days o0 days

“All-Up" Crew Stack Mass _ _ ) }
Aggregated in High Earth Orbit 600 t 300t 600t 285t

Analysis goal was to explore 2 year (730 day) round-trip missions. Relaxing transit duration cuts stack masses in
half, which translates to fewer Earth-launched vehicle fueling flights
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SAC21 Reference First Human Mars Mission Concept

[ IO ey e )
\J
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2 remain in Mars orbit while 2
explore the Mars surface

Nuclear Landers and Mars Ascent and
Transportation Surface Systems Earth Return

2039 Crew away from  ~30 sols
opportunity  Earth ~2.5years  on Mars

W o

000

Science, Exploration,
and U.S. leadership

Cislunar, Deep Space
and 5-sol Mars orbit

Mars Surface

DL & N
& WD

‘ Pre-Deployed Cargo Phase

e

Crewed Surface Exploration Phase
“Light” Exploration Footprint

2022 IEEE Aerospace Conference


Presenter
Presentation Notes
From COSPAR Planetary Protection Workshop charts (Dec 1-3, 2020), added the words “First” and “Concept” to the title



SAC21 First Mars Reference Mission

Reference architecture for analysis purposes only. Should not be considered “the plan”

TRANSIT HABITAT (TH) AND HYBRID
NUCLEAR ELECTRIC PROPULSION (NEP) /
CHEMICAL STAGE

» Supports four crew on the long mission to Mars

* Two crew remain in orbit while two crew visit
the Mars surface

= e

PRE-DEP
« 25-ton class payload Mars lander
+ Ascent vehicle propellant, Fission

Surface Power, and surface

nt transfer system
=L S I

CREW ASCENT
VEHICLE
« Partially-fueled

o

» Two crew land/live in pressurized rover ;
 Provides habitation and mobility for 30 ﬁ

days
« Supports science and exploration
operations

A e g e e
.P‘.. e T N et

=

e
-;-i?




2 5 sols 3 sols 2 sols 23 sols 2 sols 2 5 sols

Entry,
descent,
landing;

connect to
power and
crew adapt
time

3 1 |
off Duty [ —
Sol |

Logistcs Restock_ __| _|
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S |
—
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Key Technical Risks Identified

Transit propulsion system failures; transit habitat mass growth and integration with propulsion element;
loss of habitable environment on Mars; ascent vehicle refueling on the martian surface; advanced EVA;
entry, descent and landing criticality; and long-duration spaceflight crew health and performance



Presenter
Presentation Notes
From 2020 Ascend Mars panel charts, with new Key Take-Away text added


Conclusions

« Shorter round-trip, “light” footprint Mars missions are
possible, but challenging
Reduces some risks: less time for equipment to break
or crew to develop health issues
But increases other risks, such as advanced technology
development, crew deep space exposure duration,
increased mission mass or launch cadence

'Forward Work: SAC21 architecturé will be used as a measuring
stlck against which alternatlve approaches may be compared v
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