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Background of Aeolus Reentry

Aeolus was not designed to perform a controlled reentry because its
SRR took place before the entry into force (i.e. March 2014) of ESA’s
Space Debris Mitigation Policy for Agency Projects
ESA/ADMIN/IPOL(2014)2

Without any intervention, Aeolus would have reentered in an
uncontrolled mode with a global casualty risk (i.e. 1.71:10-4) higher
than the current policy threshold of 10-4 (i.e. 1 over 10,000)

During the reentry, the satellite would have broken up and around 20% of
the satellite mass would have survived and reached Earth’s surface:
estimated 17 fragments, average total mass of 223 kg, average fragment
mass of 12.9 kg. The heaviest fragment could have been up to 186.0 kg

As part of the Aeolus Reentry Working Group activities, a Legal Analysis =

was performed which concluded that although Aeolus was not legally

bound to the current Policy, ESA had the best effort obligation to 8 -
minimise any casualty caused by Aeolus reentry with the objective to =

achieve the current target of 10-4.

ATV Break-up (Credits: ESA)




Background of Aeolus Reentry

The analysis carried by Aeolus Reentry Working Group
demonstrated that Aeolus could be reentered through an
innovative assisted approach (i.e., semi-controlled) that would
also reduce the original global casualty risk and, retroactively,
bring Aeolus to be compliant with the current space safety

regulati

The Atlantic Ocean Corridor — around the reentry target
location of [0, 256W * 10 Deg] - was identified to be the best
and most robust solution for the reentry, compatible with i e e T e kR
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The analysis concluded that the reentry dispersion was 0.23 rev.
(1o) £ 9,200 km around the target location (GOAL: 0.5 rev.)

The estimated global casualty risk was reduced to 4.0-10 (i.e.
x42 better than the uncontrolled case) (GOAL: < 1/10,000)

A full assisted reentry timeline was built which foresaw also solutions
to fall back into the uncontrolled scenario in case of unexpected
failure or abortion of the assisted reentry
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BASELINE REENTRY TIMELINE

Phase O: Phase I Parking A Phase II Phase III
(4-8 weeks) M1 (~10 m/s) (4 Days) M2.x (~8.25 m/s) M3 (~10 m/s)

Parking B Phase IV
| | Go-NoGo#2 (~12 hours) (Re-entry)
1 1

R 1 i
~270-280 km ™\ |
|

!
|

M2.1 (~8.25 m/s) ——————»

[ . L
~ 250 km - Perigee in Parking A

Go-NoGo#1 M2.2 (~8.25 m/s) —————»

M2.3 (~8.25 m/s) —————»

: .4 (~8. >
~150 km - Lowest controllable perigee M2.4 (~8.25m/s)

altitude (Parking B)

~120 km - Perigee after last apogee burn.
Satellite is in uncontrolled phase

~80 km - Break-up altitude




Major Challenges

PHASE | — To lower the Perigee to 250KM 0t s , , . .

 GPS fundamental for the calibration and OD. After both
critical manoeuvres, GPS monitor triggered, leading to a
reconfiguration to GPS-B. The second GPS monitor also
triggered but did not lead to a Safe Mode thanks to the
update of FDIR settings. A more robust solution was found
before the execution of the next set of critical manoeuvres
which allowed to start the next phase
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PHASE Il — To lower the Perigee to 150KM

« A severe onboard AOCS “anomaly”, including GPS and i s e P s i
RCS reconfiguration, occurred while slewing to nominal
attitude, leaving the satellite without any attitude control and ]
arriving at Troll Station with severe mispointing of around PHASE lll —To lower Perigee to 120KM
100 deg (i.e. satellite almost upside down). Recovered in a ® Executed one single large maneuver of 12.3 m/s
short time (i.e. <10’) with additional FDIR settings were = Maneuver execution monitored over Svalbard, Kiruna and

disabled. Inuvik, confirming good performance

- Increased fuel consumption (excessive attitude thrusting) * Goodbye to Aeolus: last TC @15:43z; last TLM received
due to high drag which also increased the final perigee @15:10z - 28" July 2023
height to 160km. Resolved by switching to the Optimum = Transition to Space Debris Office Coordination
Equilibrium Attitude
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Phase IV: Reentry €esa

Coordinated by the the Space Debris Office, several
international organizations (IADC, USSPACECOM,
EU-SST, Leolabs and TIRA) supported the reentry
of Aeolus, providing tracking data when satellite was in
the visibility of their network

TIRA from the Fraunhofer Institute for the High
Frequency Physics and Radar Techniques (Germany)
could observe the satellite after the last contact and
following the last M3 burn.

Z Fraunhofer

FHR

TIRA captured several radar images of the satellite and
its rotation

Only 0.18s time offset vs. FD computed orbit
Imaging possible even with low elevation (11deg)

Orbit Determination was possible and allowed SDO to
perform a preliminary reentry prediction for 18:48 UTC
already at 17:19 UTC and very close to final location
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Phase IV: Reentry

 Coordinated by the the Space Debris Office, several
international organizations (IADC, USSPACECOM,
EU-SST, Leolabs and TIRA) supported the reentry
of Aeolus, providing tracking data when satellite was in
the visibility of their network

« TIRA from the Fraunhofer Institute for the High
Frequency Physics and Radar Techniques (Germany)
could observe the satellite after the last contact and

following the last M3 burn.

o o Re—ent:ry’;ssessmerjn;/of AeOI?SOVSSOBGA;i?VGOO)’Tlgfgsgvtgi” 2322&3;235519(201203—300128) - - 33330 Fraunhofer
g e FHR
73°00N \ 01918 ~ 5
k e | * TIRA captured several radar images of the satellite and
' its rotation
* Only 0.18s time offset vs. FD computed orbit
» Imaging possible even with low elevation (11deg)
j Al * Orbit Determination was possible and allowed SDO to
perform a preliminary reentry prediction for 18:48 UTC
R 1" S j§  already at 17:19 UTC and very close to final location
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Phase IV: Reentry
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Reentry assessment map
28 July 2023, 18:40-18:46 UTC (20:40-20:46 CEST)

USSPACECOM confirmed reentry @18:46 UTC 28t July 2023 over Antarctica
close to entering the Atlantic Ocean on the predicted corridor
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Reentry vs. Simulation @esa

* Aeolus reentered within 0.23 ‘é s
rev. (10) from target location
[0, 16.2W] w

 The global casualty risk was
further reduced to 1.2.10°,
150 better than uncontrolled | |
and well within ESA’s Policy DD S - - a——

Reentry assessment map
28 July 2023, 18:25-19:40 UTC (20:25-21:40 CEST)

+0.23 eV

arget location
(0° N, 16.2°W)
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Communication
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Aeolus re-entry (July 2023) Mars Livestream (June 2023) New astronauts press conference (May 2023)
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MTG-T1 first image (May 2023)

Soc. Media (ESA members states)

Top Influencers

Visibility by social media influencer (Gross Reach)
Sky News
ESA - European Space Agency

ESA

Space.com

ESA Operations
The Guardian
ESA_Ttalia
tagesschau
ABCes

Telecinco

DER SPIEGEL
ESA Espaia

UK Space Agency
ESA auf Deutsch
LiveScience
Cuatro

Informativos Telecinco.com

10m

Parabolic fight John McFall (April 2023)

p Media

bbc.com
dailymail.co.uk
bbc.co.uk
theguardian.com
news.sky.com
ansa.it

Die Welt
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express.co.uk

Frankfurter Allgemeine Zeitung

bfmtv.com
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mirror.co.uk
faznet
euronews.com
telegraph.co.uk
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jeuxvideo.com
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Visibility by media (Gross Reach)

Daily trend in Global
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13 ESA's Aeolus mission reposted
0 Josef g e e Josef - Jul 29
Mission Thanks to i cross-Dil

team work, Aeolus’ assisted reentry - the first of its kind - was successful!
This shows the full potential of @ESA: going beyond the expected and
reaching for the i i ByeB I i

Key Messaging Penetration

Key messaging visibility in

"above and beyond"

"first-of-its kind"

"trailblazing mission”

"the impossible mission"

¥ ESA's Aeolus mission & @ @esa acolus - Jul 29

1@ 3 CONFIRMED in the early hours, #Aeolus reentered Earth’s
atmosphere on 28 July at around 21:00 CEST above Antarctica.
content (% of Gross Reach)

0% 10%

by US Space Command.

Read more about the historic, pioneering end to a trailblazing mission
esa.int/Applications/O

#ByeByeAeolus
#SustainableSpace

20% 30%
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Aeolus did not have the ability to perform a controlled reentry and did not have to comply to
the ESA’s Space Debris Mitigation Policy

An innovative reentry assisted strategy (i.e. semi-controlled) was explored to further reduce the
casualty risk by a factor of 42 and retroactively ensure that Aeolus be compliant with the
current space safety regulations. The chosen reentry area was over the Atlantic ocean corridor.

The operations occurred from the 24th to 28th July 2023 with a successful reentry over
Antarctica @18:46 UTC 28th July close to entering the Atlantic ocean on the predicted
corridor. The final global casualty risk was reduced to 1.2:10-6, fully compliant to current

policies

It was a tremendous achievement built on imagination, competence, preparation,
transparent communication, perseverance, cooperation, fine art of celestial
mechanics and, most importantly, thanks to a team spirit facing one of the most
complex and stressful operations so far
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