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OUTLINE & QUESTION -
WHY IS SWARM KNOWN IN COPENHAGEN ?
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Den dansk-islandske unstner Olafur Eliasson
0g hans sociale virksomhed Little Sun har
skabt Little Sun Light Swarm, der svaever
mellem traeeerne langs Tivoli Sgen.
Little Sun Light 'Swarm bestar af 33 lamper,
qer skifter udtryk alt efter vejr, lys og posi-’
tion. Lamperne er af bronze med paneler af
dikromatisk glas og spejle.

GEOMETRIC SHAPES & CHANGINGCOLOURS

Danish-Icelandic artist Olafur Eliasson and his
social business Little Sun have created Little
Sun Light Swarm, hovering among the trees
along the Tivoli Lake.

Little Sun Light Swarm consists of 33 lamps
which change appearance according to weather
and light conditions and position. The lamps
are made of bronze with panels of dichromatic

glass and mirrors.
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BEFORE THE DATE

CNES

CEA/LETI

IPGP

» Qersted: launched on 23/02/1999 for 14 months... x10 in service!!
Elliptical polar orbit 650-850 km Scalar sensor: CEA/LETI

» CHAMP: launch on 17/07/2000, re-entry into the atmosphere on
09/2011 Circular orbit 530 km Scalar sensor: CEA/LETI

» CNES supported the developments
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BEFORE THE DATE 1

Continuous observation of the geomagnetic field (continuation of Oersted/CHAMP)

» Scalar magnetometers developed by CEA/LETI — with CNES implication —

» From Oersted to Swarm — 2 technologies for 3 space missions
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BEFORE THE DATE 1

» 1997 — 2020 Preparation started (“Design and realization of a vector He pumped magnetometer” by Olivier
Gravrand, supervisors Jean-Louis LE MOUEL and Jean-Michel LEGER - PhD co-financed by CNES)

» 2000 - CNES notice to engage either the Ampére mission (CNES psatellite) or to support Swarm if this mission
was selected by the ESA |

» 2001 — CNES R&T support from 2001 to prepare for spatialisation

» 2002 — autumn - visit CEA/LETI facilities with E. Friis-Christensen and H. Luhr

» 2004 - spring visit CEA/LETI facilities — CNES, ESA, EADS, IPGP

» In April 2004, just before the selection of Swarm by the ESA, CNES sent a letter to the ESA to show its support
for the CEA/LETI magnetometer and to offer to take charge of their development if the mission was selected
and if the scientific and programmatic decision-making bodies issued a positive opinion.
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The Swarm candidate mission is based on the mission proposal co-written and submitted
in 2002 by a team lead by Eigil Friis-Christensen, Hermann Liihr, and Gauthier Hulot. This
Report for Mission Selection for Swarm was prepared based on contributions from the
Mission Advisory group (MAG) consisting of: Angelo De Santis, Eigil Friis-Christensen,

- Andrew Jackson, Gauthier Hulot, Hermann Liihr, Michael Purucker, Markus Rothacher,

and Pieter Visser. Parts of the Report have been prepared by the Executive based on input
provided by the industrial Phase A contractors. Nils Olsen, Miocara Mandea,
Susanne Vennerstrem, Terence Sabaka, Stefan Maus, Alexel Kuvshinov, Alan Thomson
and all others, who participated in the supporting studies during Phase A, are
acknowledged for their direct or indirect contributions to this report. A special expression
of gratitude goes to John LaBrecque who made a vital contribution by supporting the
studies performed by NASA scientists Michael Purucker and Terence Sabaka.



BEFORE THE DATE 1

» After a favorable opinion from the Scientific Programs Committee, following the Scientific
Prospeective Seminar in 2004 (July) and a positive internal evaluation, the CNES decided the
phase A of the Swarm magnetometer which took place from the end of 2004 to the
beginning of June 2005.

» In April 2005, a second letter was sent by CNES to ESA to reaffirm CNES's intention to
participate in the mission, provide the programmatic context of the project and the decision
deadlines for CNES. A draft MoU draft was sent by CNES to ESA to define the respective
responsibilities between the two agencies and an exchange of letters between ESA and CNES
made it possible to validate the sharing of responsibilities between the two agencies.
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BEFORE THE DATE

» In 2007, in accordance with the decisions of the RDP ASM Steering Committee - CNES
and CEA/LETI re-evaluated the human (CNES and CEA/LETI) and financial resources to
be put in place to complete the project taking into account additional phase C/D work.

» During the PB EO of July 28, 2010, to take into account the delays, the ESA formalized
the postponement of the launch to July 17 2012, a date partly driven by the availability
of the launcher. The need for CNES HR has therefore increased again.

» Between December 2010 and March 2011, the 6 flight models for the three satellites
were delivered to ESA / EADS.
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BEFORE THE DATE B |

CNES Swarm team
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BEFORE THE DATE 1

CONTRAT INTERNE 43.2. COUT COMPLET A ACHEVEMENT

A - _ T 2 A partir des détails de consommation fournis au chapitre 4.2 et a l'aide des hypothéses de calcul du chapitre
Numéro : DSP/ITEC 2012-13397 Version : DCT-1.2 du: 10/09/2012 4.3.1, le colt complet 3 achéve du projel s'éléve 3 -

« 22993 ME Qui s'appuient a hauteur de 21,303 ME sur la subvention de service public

4.4, CONDITIONS PATRIMOMIALES ET FISCALES
Ce projet n'est pas éligible a la Pl ; la propriété des modéles étant répartie en

MAGNETOMETRES ABSOLUS POUR LA

MISSION SWARM + 1 modeéle profovol (modéle de vol de rechange) dont la propriété reste au CNES,
+ 3 modéles dingénierie dont la propriété est au CNES mais qui ne sont que des &éments du
PHASES B/C/D/E1 développement, pas des produits finis.

+ 6 modéles de vols dont la propriété a &té transférée a 'ESA lors de 1a livraison,

L'objectif du projet étant |a fourniture des modéles de vol, sur les modéles restant au CNES, Il n'y a donc pas

Nom - Sigle Date - Visa de notion dimmobilisation.
Divecter de la sratégie. des | Thierry Duquesine le Le taux de TVA utilisé est conforme 3 la nature décidée habituellement pratiquée.
programmes et des relations
intermationales DSP/D
— - 5. ESTIMATION DES PHASES ULTERIEURES
foulouse DCTD L& budget drexploitation est éstime & B80'KE pour les 4 ans de la mission. Il couvre les activités de soutien
: aux scientifiques liés au projet et un support industniel pour les aspects Instrumentaux, ¥ COMPRS un Support

Responsable de Théme Mioara Mandea e operationnel sur le traitement des données de la partie vectorielle de 'ASM, en cas de demande par F/ESA.

DSP/TEC Ce support industriel 8 LETI sera suivi et accompagné pendant les 4 ans d’exploitation de la mission par

I'équivalent d'1 ETP/an.

Chef de Projet Isabelle Fratter le -

DCTPOEY Le financement de cette ressource sera réparti entre le CNES (1,5 ETP) et 'ESA (2,5 ETP).
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The Russian Rockot light

launcher

Plesetsk Cosmodrome

three ESA scientific
satellites - Swarm
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CNES CONTINUING SUPPORT
What occured on November 5, 2014 ?

At the North Pole, latitude 80 °, longitude -157 ° equator local time 7:50 -
e 7:37:18 p.m.: Last ASM-A TM with nominal PF current TM : 0209 A,

e 7:37:22 p.m.: first satellite TMs with fault PF current TM : ~ 0109 A,
The voltage was -32.22 V, the DPU temperature around + 10 ° C,

e 7:37:27 p.m.: Stop order of the ASM-A given by the PF FDIR

» 7:37:58 p.m.: Off setting of the ASM-A by FDIR (detection of an input electric
current value of ASM-A too low (~ 0,109A <0.161A, threshold FDIR).
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| Temperatures measured by ASM-A:

u P November 2, 2014 0:00 until failure (not
available after the failure)

Temperature steady and without fault before

the failure of the ASM-A.
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CNES CONTINUING SUPPORT .

Analyzed fault tree to determine the root cause

Panne
1
1 1
3,3V foumi Coeur ASM
non comect défaillant
1 1
L 1 1 2 1 1 1 1
L Limiteur 33V Dyfonctiont Défaillance Défaillances Défaillance Autres
défaillant défaillant défaillant , bits collés ERC 32, ASIC PROM, RAM Horloge défaillances
—— p >|< '_n_‘ I | s RECOMMENDATIONS TO AVOID THIS DESTRUCTIVE PHENOMENON:
m Qitohe Limiteur % >< I % ® Decrease the PWM UCCx802 supply voltage between 8.3 and 11V after the
désaturé S | 23 Cowtifs ey start up sequence.
an ixtes métalliques )
T T T T 1 X o Preferably replace this PWM by another one as for example UCCx800 from
e (G njysau AT | Sortie 3,3V> 3,3V the same manufacturer (see table below)
ortiedu V33 o 3V S?';:cvsf’iv (Omle Arrét complet » Can be turned on at 7,2V
g a (vref<, CO. KO, themin du V33V » 100% duty cycle
. optique 0ptoKO,.) » DO NOT FORGET TQ LIMIT THE SUPPLY VOLTAGE UNDER 10V (Derating vs 12V and safe
Synthesis table : operating area regarding heavy ion test results)
Hypothesis Compatible | Compatible Comments Status - - i y
with no TMs with the Part Number Maxnmu:nu;)c;w Cycle : Heieren;?’v‘olta”e V¥Tum Oi |ireshold Tum Og;t\:reshold
consumption o | 50% 5V [ 9.4V L 7.4V o
Yes - 5iS W g ' because Vref Unlikely > 100% ] 5V [ ____.” .
¢d by the LM136 (bipoler technology) is immune to lkchup and the risk of UCCx803 | 100% av 41V . 3.6V
n 3t the opto level (HCPL-550k-circult havinga tioating metal part isver UCCx804 | 50% 5V 12.5V 8.3V -
ook V 20 low, et : UCCx805 | 50% v 4.1V 3.6V
Full shutdown of the Yes Yes Consumption consistent with the measurement in flight. The destruction of the PWM is Very likely
33vey highly unlikely if we consider the published results, but extremely probable with the
results of heavy ions tests in KVI-CART, In addition the failure occurred at North Pole /

UNFORTUNATELY, NONE OF THESE RECOMMENDATIONS IS APPLICABLE
TO SWARM PROJECT:

But taking into account the calculated error rates, the best compromise is
probably to continue the SWARM mission as itis (No change such as, in
particular, OFF/ON sequences) e i
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CNES CONTINUING SUPPORT
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strategic
priorities

Geared to the key challenges of the coming decade.
We are serving all public policies supported by the space sector.

These priorities are laid out in the CNES-government
contract for 2022-2025, under the banner “New Spaces”.

R

Sustain a competitive
space ecosystem

Ch

Work towards
a sustainable world

wro | million euros

CNES by the numbers

EXN N
REPUBLIQUE
FRANCAISE  ~Nag #CNES60ans cnes.fr

+100 space projects

Currently led by i m
CNES in 5 key OF- |0

domains. L} =

Space transportation Science Earth observation

Nations -

we are working
with around the [

world. " 3
at4 centres

100 ) €37

doctoral gl N

that France devotes

and post-doctoral to space, the world’s
research grants awarded 2" largest space
every year to French P budget.

and foreign students.

Budget for 2022,

including France’s Receive support every year
contribution from CNES to develop

to ESA of €1,184m. and diversify the French and

European space ecosystem,
including new entrants and
start-ups in the space sector.

CREDITS CNES, 2022

‘ n ’ YOII w ndin {design & arts graphiques}

CCBY-NC-SA3.012022




CNES CONTINUING SUPPORT

Some figures:
Since 1986 > 2800 ECS have received a CNES support

> 300 labs involved in the CNES PhD & post-doc programs

Promotion 2022 : 80 PhD

M Sciences
M Oribtal sytem technologies

B Space transportation technologies

Promotion 2022 : 32 postdoctorate

W Sciences
B Orbital system technologies

B Space transportation technologies
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Nombre de projets

gravimetrie

magnetisme

Selma Cherchali - Head Earth Feli;< Perosanz - Solid magnetlsme lmag,erle,
Observation Department Earth Program oceanologie Planetologie

E = | Manager
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CNES wishes a Happy Birthday
again to Swarm and to all those who
make the mission sorich...

... go, go NANOMAGSAT!
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