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Challenge Context and Common Terms

Challenge Context

* This is a very speculative “way out there” concept, e
look for show stoppers

* You don’t need to be a rocket scientist to come up
with a winning idea or observation .

e Assume that SpaceX would be willing to sell the
Lunar Vestal Corporation anything they have
developed including an HLS Starship, extra engines,
cargo and fueling services, Crew Dragon services .

* Don’t worry too much about how much something
would cost. Affordability is a secondary issue

» Safety is a key issue from start to finish.

* The time frame for this concept mlght have the
purchase of a proven HLS Starship in 2027 and first °
operations in 2030 .

* The depictions in this presentation are just
approximations, often shadows and lighting are
not perfectly aligned with the backgrounds

Suggested comment topic
are shown in gray boxes

Common Terms

Orbit is the path around a large body that
keeps it in a repeating path (at least in the
short term)

Freefall and weightlessness are more accurate
terms for the commonly used zero-gravity

* Delta-V (DV) is the change in velocity created
by thrusters/engines using fuel. For reference
the Delta-V to get into Earth Low Earth Orbit
from the Surface is more than 7.7 km/s (with
that velocity you can circle the Earth very 90
minutes)

CD = SpaceX’s proven Crew Dragon system
T = Metric Tonne = 1000 kg

Challenge:

This is mainly about having some fun and exchanging ideas




The Vestal Lunar System (VLS)

* A highly reusable large lunar lander for 4-8 crew members
* Only require fuel, cargo and crew transfers in LEO

* Use technologies and systems that are mature, currently in
testing or can be developed in a few years, such as:

e Use Crew Dragon, Starliner or other Earth surface to LEO systems to
transfer crews (until a SpaceX Crew Starship is proven for landing crews)

* Use SpaceX Technology now being developed for the NASA Artemis
Human Landing System (HLS) program https://www.nasa.gov/press-release/as-artemis-moves-forward-nasa-picks-spacex-to-

land-next-americans-on-moon

* Use SpaceX Starship’s main tank and engine section (with some
modification) as Orbital Transfer Vehicle between LEO and Lunar Orbit
and back to LEO

* Use SpaceX’s LEO refueling capabilities proven with the HLS program
e Use SpaceX proven SuperDraco (CD abort) & Vacuum Raptor engines --->

Ref: wikipedia
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https://www.nasa.gov/press-release/as-artemis-moves-forward-nasa-picks-spacex-to-land-next-americans-on-moon

VLS is about 80-85% similar to SpaceX’s HLS Starship

Challenge:
Current SpaceX

Do you agree that VLS and
HLS Concept Reuse for the Vestal Lunar System oo 1L o i (s

how similar?

Use the HLS cabin components, but perhaps a Aluminum or
Carbon Composite-shell, Pressure Vessel, frame ...

Add interstage,
fuel connects, Only this lands
lander connect latches

Optimize

The same insulated
main tanks and engines
stay in NRHO, with some
added active cooling

REF: https://www.nasa.gov/press-release/as-artemis-moves-
forward-nasa-picks-spacex-to-land-next-americans-on-moon

Use aboutthe-same legs, about the same-tank design, 3 VacRaptors


https://www.nasa.gov/press-release/as-artemis-moves-forward-nasa-picks-spacex-to-land-next-americans-on-moon

The key technical differences from HLS Starship

* HLS Starship is one large piece, VLS allows the main tanks and engines (OTV) and return
fuel to disconnect in lunar orbit to allow modified HLS Crew section to act as a separate
Lunar Lander to continue to the lunar surface. The Lunar Lander then returns to lunar
orbit to reconnect with OTV that returns the reconnected system to LEO.

 The VLS OTV adds a “dock” that allows disconnection and reconnection to the Lunar Lander as needed,
as well as MethLOX fuel connections.

* The VLS OTV adds a reflective sunshield, solar array and radiator to allow for active
cooling that should reduce the fuel boil off during a 1 month mission.

* The VLS Lunar Lander uses SuperDraco thrusters for soft landing on the moon.

* The VLS Lunar Lander has low cost cargo pods that are brought to LEO and left on the
Lunar Surface. They carry mission specific items, water, fuel ....

* The VLS Lunar Lander adds a tracking solar array/radiator for more power.



VLS schedule of events for a 1 month mission

* First mission only: unmanned OTV+Lander System Launch to LEO/Initial Deployment

In LEO: Fuel & Cargo Transfer (while unmanned over month, 8 - 12 Unmanned Starships)

In LEO: New Crew Arrival (In Crew Dragon, Starliner or Dream Chaser)

In LEO: A week of training, fun in freefall, sightseeing (also space sickness adaptation)
* Crew Checkout Operations

* Departure/transit to Lunar Orbit (3 days)
* Separate OTV and Lunar Lander in Lunar Orbit (NRHO) Challenge:

How would you breakout
the crew between Vestal

e 2 Day Lunar Surface Close Flyby

° Landing sequence Lunar trained staff and

. ey lightly trained space
* Surface Activities tourists? The reference
» Launch from surface, return to OTV in Lunar Orbit (NRHO) ts’rtzaukr‘i’:t‘;'s 2 WS ane

 The Lander docks with OTV, OTV with Lander returns to LEO
e CD Returns to Lunar Lander, Crew Departure with up to 20 kg of lunar material each



First mission only:
Unmanned OTV:LandemSysie

ing legs under pods (yellow) " . _¥8 SSRANY g
ods will be ejected in about 20 seconds e v - =
Challenge:

Nose cone fairing
Can the legs and node be A e . ]
covered in this way? Can - e — (yellow) will be split
the upper stage use only ' ~and ejected in

3 Vacuum Raptors and no about 40 seconds
Sea Level Raptors?
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First Mission Only: Initial Deployment (Automated)
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In LEO: Fuel & Cargo Transfer (while unman -d for a month)

)

In LEO the OTV needs to

I be refueled and cargo

and supplies transferred
= to Lander

Cargo Pod (4 T full)

Robot Arm
~ The OTV needs to be
- filled with 1200 T of A

Liquid Methane and LOX
. using between 8 - 12

: unmanned fuel
& * Starships
.~ The transfer of a Cargo
. Pod from an unmanned ##.=

FueI/Cargo Starship is =
. depicted ES 4__
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In LEQO:
Ne rew=Arrival

A new crew arrives at the
Lunar Lander. The new crew
. arrives in a Crew Dragon (up
to 7 capacity)
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The Lunar Lander’s Crew Cabin Carbon Composite
Pressure Vessel (better anti-radiation performance than metal)

Side Schematic of Crew Cabin
Pressure Vessel
and
Air Locks

Dock --[ |
Airlock --

Upperl Deck

Challenge:

How would you
design the inside of

Spin Gravity Ring --

Built by SpaceX around 2017, this Carbon Composite

pressure vessel is about 50% larger and heavier that Airlock -- the Crew Cabin?
the Vestal Lunar Lander concept imagines for it’s crew Observatory - What features?
cabin pressure vessel Vac Deck -- What materials?
Ref:https://www.reddit.com/r/space/comments/54souf/spac What technologies?

ex_carbon_fiber tank/



Low "Spin Gravity" Ring — ~z==~__Indicates direction of force when spinning:?
Option - A much more = =N
comfortable introduction
to freefall

Person for size ref

Low Gravity Bunk
Space Sickness Therapy
Medical Scanners

> low Gravity
Dining
For 2

up to 1/8 g at seat height

used occasionally
spun up - then counter
spun down

Food Heater

Fresh Water (Blue)

Non-moving
\Door Image Screens
e (Green)

Seats reclined to
minimize gravity force
difference between feet
and head

AL

V 4 ,, Low Gravity Shower
G

Storage ray Water

~-~,.~_\_}x(h)range) S
/ -,

1.2 m thick
8.6 m outer diameter
2.5 tonnes (dry)

Challenge:
What to you think
Most side panels  Low Gravity Bunk about this concept,

not shown Space Sickness Therapy

Low Gravity Toilet
Waste Water layout ....



THE Low “Spin
Gravity” Ring is
placed at the bottom
of the crew cabin
pressure vessel.

Challenge:

How would you
build out the Crew
Cabin? Itis
designed for 4-8

crew.
This depiction shows

the ring relative to
the airlock that is at
the center bottom of

Side Schematic
of Crew Cabin
Pressure Vessel

the crew cabin. and
Air Locks
The translucent gray
depicts the floor of Dock --[ |
the Lower Deck above Airlock --
the gravity ring
Upperl Deck

Cha"enge:  Grav Ring -
What to you think g |

Airlock --

about this concept, S
layout .... Observatory -

Vac Deck -- -




In LEO: A we

A week in LEO? Getting
used to freefall, watching
the world fly by ... a
sunrise and sunset every
45 minutes ... a great
opening to a great
adventure.

naining, fun in freefall, sightseeing

It is also time for the
Vestal Lunar crew to
check out all the systems
in preparation for
departure to the moon

Pressurized observatory A~ -
on back of vacuum
deck, connected via the
main air lock

Challenge:
What to you think

about this concept, §
layout .... |

—
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In LEO: Crew
Pod Access Hatch

Surface elevator

\ Vestal Lunar Staff will check out  F

the ship between missions. They (StOWEd)

“may unload items from the Cargo ¢ :
Airlock

Pod via the access hatch and .
bring them into the crew cabin. (door to left)

The VacRaptor Engine that are e,
backups on the mission have their / Vacuum Deck =
nozzles thinly covered to protect e, T
against Iandlng dust rocks

Anti-dust
collection
grid

Cargo Pod 2°%

ie-pi@yed
- and fixed - [ Challenge:

iy | d | - W T List some important checkout
aﬂ Ing €gs activities
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Departu re/tra nsit to Lum:
* An empty Crew Dragon un-docks { ,/
- Lunar Lander (with the lander

connected to the OTV). It will ref am

in a powered down state until ﬂl? o A
OTV-Lunar Lander return to'LE EO, {

* Note that Crew Dragon may nee,»d ""
slightly upgraded to extend |tp Ly
~operational life in LEO from 3-4 fr

manned days to 20 unmanne
"\u &

-= days
~* The OTV fires |t$3VacRaptor ““} DS S, et O g N N
“at high thrust for'a short time to eR! __"_"- Bl Ot W - e e fjn,"'

orbit that after an additional b
- days later will put into a type of

orbit called a Near Rectilinear Halo%g A e e

Orbit (NRHO) - a hlghly eII|pt|caI orbi R e R R ohase? New radiation
_around the moon. = =~ i e e TS ssuesin this phase?
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Separate OTV and Lunar Lander in Lunar Orbit

L
B e |

The 50 T dry mass lander (with crew | i ;
and 8 T cargo = 59T total), full 183 T o
of fuel, undocks from Starship OTV,
performs a burn to go a very low
circular orbit over the moon surface

Apollo also left the
return fuel in Lunar
Orbit to allow more
mass to the Lunar
Lander. It more than

doubles the lander t¢ ' - Challenge:
mass if returning to WY Are there better orbits to
ATt use? What is the best
LEO : ¥.3.75 "  timing to disconnect the
| - Lander from the OTV
widgetblender.com ‘l VLS v1.0 slide 17



2 Day Lunar Surface Close Flyby View from inside the observatory

* Part of the tourist adventure is a
very low flyover of many places
on the lunar surface (like Tycho
Crater) and witnessing many Sun
and Earth rises and sets.

This part is in freefall as well
* They will fly over some historical

sites like the Apollo landing
locations.




Landing sequence

e At about 200 m off the surface Rapt
perform a significant DV horizontally to —
kill of horizontal velocity

* The lander performs a quick 90 deg roll
with the Reaction Control System to \
create a legs down orientation

* The lander softly falls the 100 m (1/8
Earth gravity) with the SuperDracos firing
and retaining vertical alignment

Challenge:

Can this work?



VLS: Designed around safety (as any tourist system need to be)

The Lander has 3 Vacuum Raptor engines for redundancy as 1 engine could do the job. This adds
5T for that sake of safety

* You need to have 1 or 3 engines to maintain thrust symmetry around the center-of-mass, operating the
center at up 100% thrust or the two sides at up to 50% thrust each.

* For a given mission, the Vestal Lunar staff during checkout covers the nozzles of the unused engine(s)
with a thin covering to protect from dust on rocks on landing. This cover will be blown off if the engines
are needed if the other(s) fails.

Carbon Composite Crew Cabin Pressure Vessel will create a minimal amount of secondary
radiation that is common with metal pressure vessels. This can reduce dangerous radiation by
over 50%, which is very important to Vestal Lunar crew that will be taking repeated trips. This is
much more expensive than Stainless Steel or Aluminum, but affordable since the Vestal Lunar
System is highly reusable.

Solar Storm Storm Shelter: The Lander carries 4 T of water that can be quickly pumped into empty
bags that can create an optimal shape in an optimal direction for absorbing the rare Solar Storm
particles. Otherwise a lethal dose could occur.

SuperDraco soft-landing engines protect the Lander from dust/rock kickback on landing.

Abort to NASA Lunar Gateway ... this system can dock with Gateway if needed. Cha"enge:
What other safety

100% supply of critical extra supplies carried, enough time for a rescue mission features can be included?



= - —
- = Top-of Crew Gabin
£ ; R -—a 7 .
' Wb~ Pressuré Vessel

‘ ——

SOTAN Mo Ml N
reW/Gargo. vk fg" Cargm

-~ Sponsc?ship?
- Shock absorbing «

112 JLUS Carb®n Cgmposite
Lzricle r Tube Legi@@sembly—

- .

-

-
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ible Ovefsuits
cheap oversuit over the

ive environmental suit

" Challenge:

n 4 '
L — | S osensa il S Any other dust management ideas?
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Surface Activities (Crew + tourist for 2 3 hour excursions)

* Explore area on foot and in rover

& ]

’Brhapsssend.the rover out first to scout locations

You can bring up to 20 ke bacl e wich . o
'ou can'Bring up to 20 kg bac sefvsel|tl NS

—

Al - P ?ﬁl =
e g S f .
j fésngm‘ith%.need to bée
'y Wt

Challenge:

What other short surface activities
would be good ones?

_Rél: NASA HigtsTe Image




Returi®to OTV stillNin
I'Bnaﬁ orbit o é’cargo
iy / Challenge:

- bv needed = 2.75 km/s
Can this work?

v _
a : 4 or 8 engines?
widgetblender._com " S VLS v
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Re-dock with OTV in Lunar Orbit. OTV fires engines
to return to LEO

Challenge:

Activities on return trip? DV look
good given masses and fuel?

Background image credit: NASA's Scientific Visualization Studio \
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Back in LEQ: Return To Earth Surface

Once back in LEO the CD that
the crew rode up to LEO in re-
docks with the lander. The
crew packs up to 20 kg of
return cargo each and straps in
for un-docking with the Lander. .

It has been a great trip, but all

good things must end. The ey

last part of your journey might '

just be the most thrilling as

you and crewmates pull

multiple Gs (4+) as you re-

enter the atmosphere before

softly splashing down near

Florida, USA. ~




