| ASTRILIS REMOTE ASTEROID
S ACQUISITION MISSION,
THE MOST EFFICIENT
SOURCING OF MATERIALS
FROM SPACE FOR HUMANKIND
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UN/CSS cooperative initiative: Astrilis RAA
s};ﬁ(\s) IS one of the 42 projects submitted

Date: 28-08-2022
Time: 08:18:08 \
Mode: Fly-By

1. Redirect asteroids that
are capable of
impacting Earth;

2. Park asteroids in GSO
for PEACEFUL use and
development of
our solar system

Alarm state: green

Cmd, ack

Date: 28-08-2022
Time: 08:20:24
Systems: all nominal

/) DN

\(I/V { ? i

\i\ Q"":“ UNITED NATIONS 2 Expert Meeting on Human Space Technology
SNy 4 — 6 December, VIC, Vienna, Austria

=><~< Office for Outer Space Affairs



. TEAM ASTRILIS
fp'a}’\@ www.astrilis.org

1
‘f; ‘ N

g

Board of Directors Io

Chairman of the Board
(O))

Robert L. Roth

Duwight Prouty IV

“The Architect” e
- Executive Officers

S R

; X0 ]
SR, - President e
y S (CEO) €O

Expert Meeting on Human Space Technology
4 - 6 December, VIC, Vienna, Austria




TEAM MicroSpace
WWW.Mmicro-space.org
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Micio Our Principles
T P

» Necessary:
» Human expansion

» Respect for the environment

» Equality and fairness between all human beings
»> Feasible
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PROBLEM
Earth is a closed system

Natural Cycles ) 1969-2018

Sustainability
is about the
ability of human
society to continue
Yy indefinitely
within these
natural cycles

Slow geological cycles
v anic eruptions

Slow geological cycles
( sedimentation and

‘\ mineralisation )

I

https://oeru.org/oeru-partners/otago-polytechnic/
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PROBLEM

S Size < Constraint

OPEN = UN-LIMITED - GROWTH

Current Trend Projection - Human Population vs Terrestrial Reserves Astrilis Trend Projection - Population with Extra-Terrestrial Supply

NOW NOwW

Population E— 5,000,000,000 Metric Tons

Declines Astrilis adds this —
to provide for our

/—*\* continued growth

Human Population Human Population
1900 1950 2000 2018 2030 2050 2100 1900 1950 2000 2018 2050 2100
1B 2B 6B 8.25B 9B 7E 1B 2B 6B 8.25B 168 20B

20,000 x = 5 Billion (metric) tons / year
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_ SOLUTION, WHAT
e Open to the “Solume”

SOLUME

S——
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. SOLUTION, WHAT
e Asteroid Acquisition
and Parking in to GSO

For example:
162173 Ryugu
Size: 1km

Mass: 4.5x108 ton
We need 10/year...
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. SOLUTION, WHAT
T Asteroid Re-Purposing
for Habitat and Industry
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. SOLUTION, WHAT
@ Space Elevator

Fig 11 - Ship Ribbon Anchor A ] * )<

“The Space Elevator will be built about 50 years after everyone stops laughing.”

[by Arthur Kantrowitz according to Arthur C. Clarke,
http://spaceref.com/space-elevator/the-space-elevator-thought-experiment-or-key-to-the-universe-by-sir-arthur-c-clarke.html]
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_ SOLUTION, WHAT
T Earth-Mars Transfers

TERRARIUM ILLUMINATION
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SOLUTION, WHAT
Return On Investment
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SOLUTION, HOW
Ze®  Redirection by Vaporizing
Minimal use of propellant,
Return trip fueled by the Sun !

Fig.2a /

|

Fig. 2b Fig. 2c
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SOLUTION, HOW

Necessary Thrust

Asteroid 2011MD (200 ton class)
Thrust = 15N ON/OFF profile = 985 days to L2

Switch Fun

o

Neus Lladé™*, Yuan Ren®, Josep J. Masdemont®, Gerard Gémez® Tie{TU]

“Elecnor Deimos, Spain
gineering, York University, Canada

" Department of Earth and Space Science anc
versitat Politécnica de Catalunya, Spain

CIEEC & Departament de Matematica Aplicada I,
YIEEC & Departament de Matematica Aplicada i Analisi, Universitat de Barcelona, Spain
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. SOLUTION, HOW
%aco\’\ﬁ) Necessary Thrust

e

Spiral Transfer to Earth

Gravitational Parameter (Sun) [mu m3/s2 1.327E+20
Astronomical Unit AU m 1.496E+11
Initial radius DeltaAU 0.1

1.65E+11
r0/r 1.1

Initial velocity m/s 28397 27188 25171
km/s 28.4 27.2 25.2

required acceleration m/s2

oo 3 \ Y : 7/
2 63072000 -2.2E- B\ -Z3E65— 12604
3 to5 years 4 1.26E+08 -3.7€-05 -6.0E-05
8 2.52E+08 Tog -1.8E-05 -3.0E-05

ke L.00E+09 '

2 63072000
4 1.26E+08
8 2.52E+08
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SOLUTION, HOW
Localized Sublimation

Flux from Laser Arrays at 50% Efficiency

machining with
500 m Array \zmsigniﬁcanl VAPORIZATION
1 km Array eat effects

REGIME
2 km Array
s hock
_;zzk Vaporizatio 1E7 W/m2 hasfdxing
Ice Vaporizatiop It may be :

1E+07 — . |
L1E+06 too hlgh \I\éELTING
1405 for rubble ; S

\\ welding
HEATING REGIME ™

LE+04 cohesion =S

"t
transforma?ib&\

1E+03 hardening rock
: fragmentatio ;
stel
1E+02 102 i
0.001 . 01 1 10714 2 :

1012 10:10 10 10° 104 102 100

Irradiance, Wem?
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cladding

Distance from Source (au) K. H. Leong Interaction Time, s

Qicheng Zhang**, Kevin J. Walsh®, Carl Melis¢, Gary B. Hughes?, Philip M. Lubin® Argonne National Lz_lbora_t()ry, Argome, [llinois 60439
s y 5. e P Operated by The U f Chicago for the United S
“Dept. of Physics, Univ. of California, Santa Barbara, CA USA 93106-9530; perated by 1he University o icago tor the United States

"Southwest Research Institute, Boulder, CO USA 80302; Department of Energy under Contracts W-3 1-109-Eng-38
“Center for Astrophysics and Space Sciences, Univ. of California, San Diego, CA USA 92093-0424;
“Statistics Dept., California Polytechnic State Univ., San Luis Obispo, CA USA 93407-0405
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A: Steady-State Thermal
Steady-State Thermal
Time: L 5

26/10/2018 6:35 PM

[B] Heat F ow: 1450. W
[B] Radiatio,, 270.* -,

=L

SOLUTION, HOW
Localized Sublimation

A: Steady-State Thermal
Temperature

Type: Temperature

Unit: *C

Time: 1

26/10/2018 6:35 PM

2915.6 Max
2563.1
217
18583
1505.9
1153.4

A Steady-State Thermal
Total Heat Flux

Type: Total Heat Fiux
Units W/m?

Time: L

26/10/2018 6:33 PM

3758.2 Max
EELIO)
20231
2505.5

BULUL
44859

96.16
-256.27 Min

12527
835.17

H P
H 1670.3
o

0.0041607 Min
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Asteroid

reference case _ focussed blurred
asteroidsize 00 ] 00m [ 6 [ 20 100 100 1000

Distance from the Sun 15
Solar constant 1300
Solar energy flux 867
0.01 0.06 0.7 0.7 20

Aperture surface i 100{ 3.6E+03 4.9E+05 4.9E+05 4.0E+08
Mirror system efficiency
Asteroid albedo

0.2
N G s i i s
1 2 323 323 263467
Vaporization surface 10 0.8 500 30000
vaporization diameter 3.6 1.0 25.2 195.5
Total Heat of Vaporization
rock density (rubble)
rock conduction coefficient
Dissipated energy flow 3288 220 23249 180086
329 1162 46 6
0.139% 2.0002°5"  0.007%  0.00007%
Vaporizing heat flow 6.53E+04| 2367912 3.23E+08 3.23E+08 2.6347E+11
mass flow rate 1.96E-02| 7.10E-01 9.68E+01 9.68E+01  7.90E+04
Vaporizing volume rate (rock) 9.79E-06| 3.55E-04 4.84E-02 4.84E-02  3.95E+01
Vaporization depth rate 3.6E-05 6.1E-02 9.7E-05 1.3E-03
128 217853 349 4742
Ideal Gas Constant J/molK
emission Boltzmann average velocity m/s
Vaporized volume rate (gas) Vgdot m3/s 4.13E+02| 1.38E+04 1.10E+03 6.88E+05  4.13E+07,
axial velocity of hemispherical emission |vax

m/s 917
axial force 1 652 88823 88817 72509008
1 89 89 72509
axial pressure X Pa 65 111029 178 2417
bar 0.001 1.110 0.002 0.024
asteroid volume m3 4187 5.2E+05 5.2E+05 5.2E+08]
asteroid density kg/m3 2000 2000 2000 2000
asteroid mass kg 226080| 8373333 1.05E+09 1.05E+09 1.0467E+12
8373 1.05E+06 1.05E+06  1.05E+09
Mton r 10" 1.0 1047,
Bton 0.001 001 1.0}
.3

transfer to Earth time - 3.1 8 2.9 3




SOLUTION, HOW
Localized Sublimation

A: Steady-State Thermal
Temperature
Type: Temperature
Unit: °C
Time: 1 o
18/10/2018 7:08 Pht 9 P
10000 10000
5872.8 Max
5658 Max =

2500 1250

A: Steady-State Thermal

1250 625
32
625 156
312 0
156
0 -254.49 Min
-118.1 -273
-236.19 Min

90.00 {m)
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. SOLUTION, HOW
N Asteroid integrity limits
(cohesion and stress)

Rotation Period vs. Diameter, 2010, 3643 Asteroids

Strong Lunar Cohesion, 3 kPa
Weak Lunar Cohesion, 0.1 kPa
Simulated Cohesion, 25 Pa

° Super-fast
Rotators
\\°_ -
. \s}Rm‘l\;\ 2
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Rotation Period, hours
Rotation Period (hr)

0.01 0.1
Asteroid Diameter (km)
D.J. Scheeres and P. Sanchez

Department of Aerospace Engineering Sciences

The Universi f Colorado Boulder .
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SOLUTION, HOW

i@  Risks: Cohesion, Tidal forces

50 Pa 150 Pa 300 Pa

Daniel J. Scheer 4 Paul Sanchez Colorado Ce or Astrodynamics Research, The Univ do,
aniel J. >cneeres and rau )dIITe.’_ Boulder, CO 80309, USA

Earth gravitational constant

_ above Moon

Orbital radius ro m 7.00E+06 2.10E+07 4.20E+07 6.30E+07 4.00E+08
itati i gu m/s2/m -2.32E-10 -8.61E-12 -1.08E-12 -3.19E-13 -1.25E-15

gravitational gradient

ke/m3 1500
max tidal stress N/mz

asteroid radius
-8.1E-08 -2.4F-08

-8.1E-06  -2.4E-06
-2.4E-04
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. SOLUTION, HOW
Zred®>  ASTEROID List, Selection and
Simulations

Jet Propulsion Laboratory ‘ +View the NASA Portal R S
California Institute of Technology + Center for Near-Earth Object Studies
JPL HOME
‘Solar System
Dynamics —
: = A
’ 0\
HORIZONS Web-Interface 37 4
e
MarsView = ||

General
Mission
Analysis
Tool
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SOLUTION, HOW
RAA MISSION START
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SOLUTION, HOW
UN and CSS
ACTIVITIES at CSS
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| SOLUTION, HOW
HS‘—? Probes and Initial Anchoring

Probe Arrival
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e SOLUTION

Fig. 2f ." | .‘ > .. L .
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Micro[ .
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Overall Configuration

Focal length 100000 50000  25000|our choice
100 50
10000” 10000”
10

Primary Aperture 10000|as per required energy

f/number

Primary to secondary distance 22500

Secondary poster s

30% 30%
0.1 0.3
0.1 1.7

4.8E-05 3.9E-04 3.1E-03
0.2 1.4 11
very

Possible pointing precision 0.5 0.5 0.5|a guess from experience
0.01 0.01 0.01

Focal Spot uncertain position 873 436 218|consequence

Required focusing area diameter 195

total

Section Position Error
Curvature Error

Total relative to size

Section Position relative to size
Curvature relative to size

Mirrors Configuration
.

ION, HOW

200
25 50
150 100
2%
0.50%
1.00%

0.25%
1.50%
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SOLUTION, HOW
MIRRORS CONTROLS

One MTU at .
. Cured sections
each node in .
Stiffened by
Push-Pull .
) . Girders
configuration

Photo Voltaics (PV)
and structure

partially remove: d)
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SOLUTION, HOW
{Mp;?:@ Nano-Spacecrafts

Heritage and Precursors  QObserver and Long Range

MicroThruster
Module

ill&‘
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SOLUTION, HOW
VISUAL MONITORING
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. SOLUTION, HOW
Tra D BOOTSTRAP MISSION

Gas & Dark

Crew Valve Carosel
Storage

Quarters Access Storage

Vestibule Hydroponics

PROM DOCK

Expert Meeting on Human Space Technology
4 — 6 December, VIC, Vienna, Austria



SOLUTION, HOW
UN SPACE AGENCY

The United Nations Space Agency
(UNSA) is needed to govern the

exploration, ownership, use and

distribution of the limitless
potential offered by our solar
system to prevent the creation of

monopolies, as was done in the

18th and 19th centuries.

Usage fees paid to the UNSA will

be used to help fund activities

that support the 17 SDGs

Expert Meeting on Human Space Technology
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Micro ASTRILIS SUPPORTS
/Nce 12 of the 17 SDGs

10mum 8%‘:‘3&“@‘%
af
v' ENERGY PRODUCTION

v' INDUSTRIAL RELOCATION < SUSTA' NABLE
v’ ABUNDANCE OF MATERIALS
~ EQUITABLE DISTRIBUTION & D EVE LO P M E N T

v" NEW HABITAT FOR PEOPLE G A I S

16 Wmﬁ“ 17 FORTH GDAlS

g & SpacedSDGs mm-
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: AStrIIIS CbmponentSUIhmary A

% - . ‘. OO
- Personal &% -, . /\ '
. Remote Operation p, G S Industrial Platforms
Modules - : P v Orbital Cyclers
[, . ‘g f’}/ " Terrariums
Solar Concentrating - o ¥ T S :
~ Drive/Power Mirrors '_: ES . NanoSpacecraft
. 5 E ... " L "
b . Elevatory GEO Station
'Geosyn_ch_m_nguiqtl“— L= S T T g SO R e T R

e . & G AR . T Return On o
. - : Investment .
Bootstrap g A T
Mission L S h




Mic"°1§ )
Space

e

TIMELINE

UN/CHINA - AWG - RAA Mission Proposal
24-08-18 by AWG & MicroSPACE
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W ASTRILIS IS A

HIGH IMPACT INITIATIVE

The Astrilis Working Group

offers a platform that empowers
international collaboration

to implement solutions that
PRESERVE, SUSTAIN and ENHANCE
all life on Earth!

Expert Meeting on Human Space Technology
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Micro It’s Time to Act!
SPGCe@
Our Choice!

asing Population

ncreasing Kesources for an increas
Open System View

“‘V".Y‘ ng cnvironr nt

Global Warming

Peak Industrial Output per Capita
Peak Food per Capita

UNSA

giulio.manzoni@micro-space.org

dwight.prouty@astrilis.org , bob.roth@astrilis.org
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the dawn of the
ASTROLITHIC AGE

WWW.Mmicro-space.org - www.astrilis.org



