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Total propulsion required for round trip

(kilometres per second)

DG - BRI Near-Earth
asteroids
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Missions to increasingly
distant bodies would
build human-spaceflight
capabilities towards Mars.
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A thorough survey would
discover thousands more
asteroids for astronauts to
visit In the next two decades.
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Mars landing
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Mars orbit

Missions to increasingly
distant bodies would
build human-spaceflight
capabilities towards Mars.

A thorough survey would
discover thousands more
asteroids for astronauts to
visit In the next two decades.

S —

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

p—t
N

o —— = ——

_ lnt_ematlonal Space Station

I O l|ll-ll|lilllli--ll.ll-lillllllllllll-ll--l-||-|-|._-.|-._.-._.._l_._.]._.‘_-"...j_..r.”'_-....".,q|__|. llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
= ————— T == E
= oy - L — e W — -

—

e m——
I — -

i _ THIS TALK

0 Round-trip mission duration (days)

[ |
O 100 200 300 400 500 600

CENTER

SOURCE: BRENT W. BARBEE/NASA GODDARD SPACEFLIGHT



" —THEHNNER SOLAR SYSTEM

Yy




. i

Y

oy, g, o ey P
h.-ln.-h-l-'l'"""q"'
..,-.-u..l.t-lll = -_1 r .
-
"

N
Y

L

ol 2R it
l-iﬁf_l T .=

--l_i-*"‘ .
J-tg"-:"' L =

-
e
.
iy
hhhhhh
iy
-
-

T



60

MAIN BELT NEO SOURCES
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PERCENTAGE CONTRIBUTION OF NEOs
BY SOURCE REGION VS. H (SIZE)
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AV FROM HELIOCENTRIC ORBIT TO LDRO

*designed to provide conservative over-estimate
*4 burns

1. rotate into Earth’s orbital plane

2. rendezvous with Earth position

3. match Earth-Moon velocity

4. capture into Lunar Distant Retrograde Orbit

We are now implementing a more optimal broken plan
maneuver that should provide up to a 40% AV reduction

and reduce the resource delivery time
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low Av target inclinations
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IVIAIN BELT IVIASS AND TAXONOMIC DISTRIBUTION
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* orbitsfandomly selected from NEO populatlon
* ran

/ GENERATING NEO MINIMOON CANDIDATES

epoch within 19-year Metonic Cycle




'GENERATING NEO MINIMOON CANDIDATES

* orbits randomly selected from NEO populatlon

» random epoch within 19-year Metonic Cycle
*0.04 AU<A<0.05AU '




GENERATING NEO IVIINIIVIOON CANDIDATES

* orbits randomly selected from NEO papulation

» random epoch within 19-year Metonic Cycle

*0.04 AU<A<0.05AU
Cevp, <3 km/s




'GENERATING NEO MINIMOON CANDIDATES

* orbits randomly selected from NEO populatlon

» random epoch within 19-year Metonic Cycle
°004AU<A<005AU
* Ve,.n <3 km/s

* direction angle < 120 deg




'‘GENERATING NEO MINIMOON CANDIDATES

- 10 generated syn;




'GENERATING NEO MINIMOON CANDIDATES

« 10! generated syn
* 10/ met criteria and were integrate




'GENERATING NEO MINIMOON CANDIDATES

« 101 generated sy n h
» 107 met criteria n C weréx; 2grate
* 16,000 were _cap ured’ '
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IMIINIMOON T RAJECTORIES

Granvik et al. (2012)
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IVIINIMOON [ RAJECTORIES

Granvik et al. (2012)
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SYNTHETIC MINIMOON ORBIT

2010 Feb 14 06:38:07 HST
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How MANY MINIMOONS ARE THERE?

Granvik et al. (2012)
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FIRST MINIMOON: 2006 RH,,,




DETECTING MINIMOONS

Bolin et al. (2014)

Canadian Automated Meteor Observatory
Weryk et al. (2013)




SECOND MINIMOON: EN130114

credit: European Fireball Network (Kuncak station, Czech Republic)



OPTIMIZED MINIMOON RENDEZVOUS

Optimized for 2006 RH,,,

* CR3BP (Sun-Earth-Moon-spacecraft)

* all start dates after minimoon discovery
* all rendezvous dates

* 3 burn mission

T __ =22N

* |, = 2308

* m, =350 kg
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EARTH-IVIOON L, HALO PARKING ORBIT

Halo Lz
» =0000 km
period=14.84days
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OPTIMAL 2006 RH,,, 3-BURN RETURN
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OPTIMAL 2006 RH,,, 3-BURN RETURN
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OPTIMAL 2006 RH,,, 3-BURN RETURN

1%t boost
2.15 min duration
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OPTIMAL 2006 RH,,, 3-BURN RETURN
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OPTIMAL 2006 RH,,, 3-BURN RETURN
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2.15 min duration 1.32 hours duration
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26.15 days duration
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OPTIMAL 2006 RH,,, 3-BURN RETURN

__________
.
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1%t boost 2nd Hhoost
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OPTIMAL 2006 RH,,, ROUND TRIP

Trajectory to rendezvous
Craft and RH120 in rendezvous
Return trajectory

~ LastBoost
1~ Arrival (L2) T

1° Boost

=
e * "
a: .3

| 2""'d§Boost_ -

. | 3™Boost
| ~Rendezvous

1 L ABOORE e

0 Departure rom RH 2

3

-0.5 - }
-1 -2

y (LD) X (LD)

900 m/s < Av< 1,600 m/s
depending on time of discovery and rendezvous duration




1° Boost
- Departure .

OPTIMAL 2006 RH,,, ROUND TRIP

Trajectory to rendezvous
Craft and RH120 in rendezvous
Return trajectory

~ Last Boost T
- Arrival (L) T

| 2""'d§Boost_ -

. | 3™ Boost
i | “Rendezvous

0 Departure rom RH 2

3

-0.5 - }
-1 -2

y (LD) X (LD)

allows multiple minimoon missions
or direct minimoon-to-minimoon transfers



Number of minimoons

e average Av = 725 m/s
150} * w/ optimization |
=~ 15% improvement
50l ||
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Opposition—centric ecliptic latitdue (deg)
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Opposition—centric ecliptic latitdue (deg)

SEARCHING FOR MINIMOONS
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SEARCHING FOR MINIMOONS




LARGE SYNOPHE
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