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Introduction

A Motivation: TheRise of LEO economy
I Overcrowded SSO and polar orbits due to legacy
I Cubesatind nanosatdor technology testing

I Megaconstelations
10 000+smallsatdeployment expected withid0 years

A Opportunity: Standardizationof Cubesaparts
I Design
I Recycling andervicing

A Solution ofCubesatonstellation for ADR is
addressed

71412017 EUCASS 201 Politecnico Milano 3

J3IVdS AW JuVHS



Introduction
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Introduction

Space debris forecasts
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Mission requirements

A Multiple debris collectionand
release
I Debris tracking

T Onorbit rendezvouswith nor-
collaborative target

I Highpv maneuvers

A Docking orinflatable mothership  sigelow capsule (Bigelow

i Debris temporary storage AerospaceNasg
I Endof-life
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Technical solution:

D

A Off-the shelf parts e,
I Attitude control B
I Solar panels ~ 120 W . ’”’ ’
I Antennas it
I Onboardelectronics MINIATURE in operation with 20 W
A Plasma propulsion ThrustMeTRL 5
I Cathodeless RF ion :
thruster

I lodine for compact storage
under solid state

I Specific impulse > 30G0

& N

PEGASES TRR @_PP)
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Technical solution:

D

A Grabbing device
I Expandable loops

T 3 electric motors + 3 for
redundancy

A Tracking
I 3D viewing using
stereoscopic cameras
I Low power LIDAR

Structure Core Occipital 3D camera
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Cubesaimaneuver

Description Variable Value Unit
Phase angle SC mass M 8.0 kg
Propellant mass my, 1.0 kg
Electric power for propulsion P, 120 W
Thrust to power ratio tw 3.0 x 107> N/W
- Specific impulse Iy, 3000 S
Thrust T 3.6 mN
Thruster mass flow rate m 1.2x107* g/s
Angular velocity variation Aw 1.2 x107% rad/s
2 5/2
Ah = g (R 4+ 1)
Orbit altitude h [km] 300 1400 36000
Altitude shift Ah [km] 4.7 6.9 474
Required pulse Ap |Ns] 25 29 154

Time to shift orbit At [hours|] | 0.75  0.88 4.8
Used propellant mass Am,  [kg] | 0.0009 0.001 0.005

Ah < h
Am, < M +m, Aw = T
At < 1 month 1 month
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Cubesaimaneuver

Orbit raising
A Visviva equation

GM 2
Av = 4| T[\/ (Vz—rl)—\/aJr\/ﬂ)
rvrm ry + rm
A Tsiolkovskequation
m =10 kg
n Vex Poee = 120 W
A From 500 km: | »
m=12x10""g/s
h [km] 800 1200 2000
I, =3000s

Am  [g] | 21 47 97
Tor [days] | 47 107 220
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Cubesaimaneuver

Orbit plane
Angle shift « = fda = f \/d92 + cos? Od ¢?
Av:2vsin(g) a:&m(1+@)
2 Vv m

AVery high propellant requirements

Alodine plasma propulsion with high specific impulse
and high storage density lead to a total angle over the
mission:

a ~ 091
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Cubesaimaneuver

Low thrust orbit transfer
9 RSt 0 é&qdayoq for circular orbits:

Av? = v 4 v3 — 201V2 COS (

T

r)

AAccounts for altitudeand
orbit plane variations

SMARTL mission design (ESA)
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Constellation managemer

Geometry of the constellation

Orbital space

for 1 satellite

N: number of debris removed by
eachCubesat

P: number ofCubesatsn the
constellation

pt n?
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Constellation managemer

Multiple debris collection
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Constellation managemer

Simplified model for mission design requirements

A Assumptions
I Only orbit plane variation maneuvers are included

I Ndebris spread uniformly in a squal&e domain of solid

anglem
A Result
I Number of SC required:
2/3
p = 0.83 x ( N Q!/3

Vex IN (1 + Z—*’;)
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Constellation managemer

Application to SSO debris

Space debris density
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Constellation managemer

Application toSSO debris
I Inclination between 98and 99.5
I Altitude between 750 km and 850 km

Constellation o088 Cubesats

A Lowthrust orbit transfer with optimized domains
I 1075 removed debris

A Global formula
I 1937 removed debris

=) Approximate formula provides a fair order of magnitude
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Conclusion

Achievements

First guidelines fomultiple debris removalusing aconstellationof
Cubesats

Propulsion requirements and technical solutions

Return of experience from debris removal demonstratersi€orbit
RemoveDebris 0

Low-costapproach

I Standard parts

I Terrestrial technologies

To o o Do I

Future work

A Collision modelindor longterm risk prediction

A Database merging

A Subsystem validation (visualization, attitude control, communication)
A System integration
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Annex

Density of debris [#/km?]
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Annex

Atmosphere density

Density as a function of the altitude
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