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‘ wealth of resources
IS out there

Howdowe .
get there? - o8
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orld is going to the moon

Cislunar Launches
B Planned (NASA) B Flown (Global)
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Can we use these
launches to go farther?



apid missions for rapid results

Step 2:
Spacecraft slingshots around moon

"""""""""""""""""""""" Step 3:
<1year transit to asteroid

T~ Step 4:
IS Land on asteroid

Step 1
Spacecraft deploys

Step 5:
mining & refining
on asteroid
e -7 Step6:
Step 8: el . 52 Depart asteroid
Re-enter atmosphere T 7o ooooooToT
Step 7:
~1year return journey
to Earth
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Hyperbolic Excess Velocity

TOF 1138
TOF 1122
TOF 1106
TOF 1090
TOF 796
TOF 780
[ ] TOF 764
TOF 748
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TOF 716
TOF 700

TOF 684
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TOF 652
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TOF 620
TOF 604

TOF 588

Start from a trade space of TOF 856
TOF 540

time of flight (TOF), launch TOF §24
date, and launch energy ]'.1’.{. 31

(hyperbolic excess velocity) RS

TOF 333
TOF 317
TOF 301

Each point in this trade TOF 285
space gives a departure TOF 237
TOF 221

asymptote that the launch TOF 205

TOF 189
vehicle targets TOF 167

TOF 141

TOF 125

Repeat for each potential LR
. TOF 77
asteroid target TOF 61

2025-03 2025-05

0.507 km/s 5.00 km/s




ga
eshare

Primary payload sets launch
date and moon phase we
are going to get

We need to figure out how
to get from there to the right
departure asymptote

This changes each time
launch slips / changes

Departure
Asymptote

rrrrrrrrrr



ata pipeline approach to mission design

Enabling quick iteration and incorporating new asteroid observations
as long as possible

1-3 years before launch 6 months before launch 1 month before launch
Target Prioritization & Feasibility Launch Window & Uncertainty Target Selection & Flight

Detailed design at flight fidelity Use launch window analysis and any
data from ground-based observations

Low-fidelity models

e  Thousands of asteroids e  Couple months of potential launch dates to select specific target.

e  Thousands of launch and arrival dates e  Monte Carlo and sensitivity analysis Detailed design at flight fidelity using
. design reference mission (DRM) from

° Handle chemical and electric ° Generate operations products for tests launch provider.

propulsion. and rehearsals.

Generate operations products and
° Generate requests to astronomical ° Multiple target asteroids in consideration apply before flight (ABF) settings

observatories to gather data on the
most promising asteroids



t prioritization & feasibility

Is) | 1+ || MaxFiyby orRendezvous Speed (kmfs) | 4v | | MaxDuration (days) | 200 v | MaxConditionCode | 5+v | | MaxAbsMagnitude | 35+ = MaxRotation Period (hr) | 100 v | | Repeatfraction | 0.25v || TargetStrategy |All v | | Potentialtargets |9+ | NEA | Allv

Asteroid Uncertainty (km) Launch Window
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Uncertainty (km) Launch Date

8 AstroForge



c
.m
)

©
i)

-

Q.

=

@

&

s

O
O
S

s
L

Q

c

Required DeltaV

== Estimated DeltaV

Launch Date




Achieve Target
Orbit
Determination
Accuracy: 4x2x2
km

Achieve Standard
Orbit
Determination
Accuracy:
20x%10%10 km

Targeting Maneuver After 1 day

Impact the Moon

0%

Targeting AV99

39.2 m/s

Impact the Moon

0.53%

Targeting AV99

391 m/s

Reconnect After Lunar Flyby

Declination (deg)
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ertainty analysis - Lunar flyby

Targeting Maneuver After 2 days

Impact the Moon

0%

Targeting AV99

62.4 m/s

Impact the Moon

0.2%

Targeting AV99

62.4 m/s

Reconnect After Lunar Flyby
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Targeting Maneuver After 3 days

Impact the Moon

0.23%

Targeting AV99

111.8 m/s

Impact the Moon

0.3%

Targeting AV99

1121 m/s

Reconnect After Lunar Flyby
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ertainty analysis - setting up for asteroid approach

Y24-06-11 12:00:00+00 v

W OD Cutoff (days)

05 v

v Cases Summary

Runs

3000

Consume Approach
Margins

48.57%

FTM MET (days) | 1v FTM Excursion

Pre-NEA OD Cutoff (Days) 1v

Trajectory

Nominal v

Handover Miss Distance Required (km)

MCM Excursion ~ Nominal v

750

Meet Handover

FTM OD Scale Factor | 1v

Computation

Impact Asteroid

Conditions

Succesful

97.73% 0%

Deplete Biprop AV P(99)

0%

v Mean of Asteroid Close Approach Distance (km)

Zero MCMs

124,439

180 Mm

After first MCM

1,646
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100%
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After 2nd MCM
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Propellant Left at Handover
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6.6kg 7.2kg 78kg 8.4kg

Mean

9.0kg

StdDev

7.48 kg
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0m/s
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6m/s 12m/s

MCMdVTotal_true

After 3rd MCM

112

1.68 Mi

18 m/s 24 m/s 30m/s 36 m/s
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42m/s
StdDev

15.2 m/s 9.04 m/s

After 4th MCM
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.

964
Min

783g 508kg

48 m
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46.6 m/s
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63.7 km
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960 km
StdDev

60.4 km
142 km




The time for
asteroid mining
IS how

Decrease in
launch costs

Rideshare deals for cislunar
launches and cheaper
dedicated launches

G‘i‘eater Aéteroid Data

Significant data on NEAs coming

in annually and we have devised -

a process to reach them

Industry
Expansion
New space economy enables

affordable components for
spacecraft assembly



Thank you.
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