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Applications
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Why NEOs?

You are here
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Visiting multiple asteroids

Solar-sail trajectory optimization ‘
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Sequence search

Characteristic acceleration: a. = 0.2

> 1,000 unique sequences made of 4 NHATS asteroids and 1 PHA!

400, Unique sequences with 4 NEAs and at least one PHA — N
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Solution using a solar sail

****** Transfer trajectory
— Earth's orbit
——Stay at 2014 EK,,

— Stay at 2013 PA7
Stay at 2012 MD7
Stay at 2000 EA14

Departing from Earth
Arrival at 2014 EK24

Departing from 2014 EK24
Arrival at 2013 PA7
Departing from 2013 PA7
Arrival at 2012 IVID7
Departing from 2012 I\/ID7
Arrival at 2000 EA14
Departing from 2000 EA14
® Arrival at 2008 DB
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Trajectory design using ANN
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NEW SOLAR SAIL CONCEPTS

Ceriotti, Mclnnes, Harkness
McRobb, Heiligers, Borggraefe
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s Second impulse after the collision
®  Third impulse
Lambert arc |
Lambert arc Il
1 | — stable mani

z x 102 [AU]
o
(=] [4,]

o
o

=y

0

x[AU]

y[AU] -1 -1

M. Tan, C. R. Mclnnes, M. Ceriotti, “Low-energy near-Earth asteroid capture using momentum exchange strategies”, Journal of Guidance, Control, and Dynamics, vol. 41, n. 3, p. 632-643,
2018. DOI: 10.2514/1.G002957
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Tether-assisted fly-by

2008 JL24 tethered by 2015 KE

*  Firstimpulse
*  Second impulse after the tethered assist

- Third impulse

2 Lambert arc |
Lambert arc Il

—_ 15 Stable manifold
2
< 1
o
o 054
=
X 0
N

-0.5

S

mall asteroid

Q

-0.
y [AU] A y
x [AU]

Image adapted from NASA
M. Tan, C. R. Mclnnes, M. Ceriotti, “Low-energy near-Earth asteroid capture using momentum exchange strategies”, Journal of Guidance, Control, and Dynamics, vol. 41, n. 3, p. 632-643,
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Injection plane

Minghu Tan, Colin Mclnnes, Matteo Ceriotti, “Direct and indirect capture of near-Earth asteroids in the Earth—Moon system”, Celest Mech Dyn Astr (2017)
129:57-88, DOI 10.1007/s10569-017-9764-x
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M. Tan, C. R. McInnes, M. Ceriotti, “Low-energy near Earth asteroid capture using Earth flybys and aerobraking”, Advances in Space Research, vol. 61, n. 8,
p. 2099-2115, 2018. DOIL: 10.1016/j.asr.2018.01.027

15 May 2018

Tan, Ceriotti, Mclnnes

16



#1a| University | School of
of Glasgow | Engineering

RN

Pj,:'}u%- - A.Peloni - M.Ceriotti



Cone angle o [deg]

-120 |

Homotopic approach

* Homotopies transforms a low-thrust
solution into a solar sail solution
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Low-thrust transfer
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Hybrid Propulsion

How to take advantage of both SEP and sail?
Combine them on the same spacecraft:

Propellant }

[ consumption —— {— | Propellantless
High TRL, — Cz [ Low TRL, }
Low AD? High AD?
Thrust is :r; /1\,: [ Force always pointing }
steerable away from the Sun

i)

[ Increased }
complexity

Matteo Ceriotti, Colin Mclnnes 19



L]

ia University | School of
of Glasgow | Engineering

Optimal pole-sitter orbits
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Displaced Geostationary orbits

Z
= Increase the capacity of the % ide@deEO
GEO ring P N

= Continuous thrust required oty
* Hybrid (sail+SEP) propulsion 7 DI A—

allows to save fuel ™ Naeo

equatorial plane

¥ ‘ station keeping box

= Loose stationkeeping box '
2]
enables further savings \

equatorial plane
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Interplanetary transfers

= Earth-Moon transfers with hybrid propulsion

* High thrust (chemical)
+

* Low thrust (SEP)

Date here Sullo, Ceriotti, De Sousa Silva, Terra 22
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SPACE WEATHER MONITORING
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Space weather monitoring

= At present, we have very few space-weather sample points, limited
to a small number of scientific (rather than operational) satellites

= Satellite resources are always at a premium

= What are the best strategies
for sampling space weather
data to give robust forecasts?
* Locations
* Sampling frequencies
* Redundancy
* Communication options
* Achievable orbits

= How to predict E/M storms?

Fletcher, Ceriotti, Scott, Craigmile 24
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