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Abstract

In the last10yeass Astrium has acquired a sgnificant experience onend d life operations for several
satllit es which had beendeveloped under the canpary leadershp. Such end of lif e operations have keen
performed either unde CNES or ESA resporsibility orin some other cases mder Astrium dired

resporsibility.
INTRODUCTION

In the caotext of increasng orbit dekris in space,
international and nationa regulations are progressvely
compelling spacecaft operators to renove ther
spacecafts at the erd of life from restricted zones (see
refeerces [1] to [4]). As a cmsequence, space
agendes (CNES, ESA) try to show they comply to
legislation with their own satellites.

In the cae o Low Earth Orbit (LEO) satellites, there is
a constraint to obtain either a @wntrolled re-entry or an
unantrolled re-erntry into Earth atmosphere in less than
25 yeas. The dfferent regulations also ask operators to
passivate the satellites once the deorbiting operations
have beenconducted

This paper describes the acivities performed in the
past 10 yeas by Astrium relative to end of life
opegations, either in suppat to agercies or as a
spacecaft operator. The cacemed spacecafts, some
of which were launchel more than 15 yeass ag, were
not initially designed to fulfil the new regulations so it
was necesary to put in place pecific lutionsin order
to fulfil as far as possble the new diredives.

The main acivities performed by Astrium are the
following:

a) Definition d leading procedures
asdated to the different deorbitation
and pagvation statges ncluding
Failure Detedion Isdation ard Recovery
(FDIR) issLes

b) Definition d procedures for find thrugs
and dectrica passvation

c) Related Attitude and Orbit Control
System (AOCS) aralyses

d) Relatedon-boad sdtware (SW) adivities
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e) Suwpoit to CNESESA for procedures
validation and flight opeations

f) Deorbitation operations from Astrium
Tououse pemises

1. ORBIT STRATEGIES

There ae differert orbit drateges for gspacecaft
deorbitation. The selected strategy will depend on the
following non-exhaudive elements:

- Initial  orbit  charaderistics
eccettricity, inclinaton),

- Remaining on boad propdlant on starting
deorbitation opeations,

- Spacecaft (SC) camcity to withgand non-
nomina orbits (e.g. compatibility of sensors
field of view with lower dtitudes;
compdibility of onboad actuators with
increased disturbing orques),

- Onboard equipment hedth status a the gart
of the deorbitation

(altitude,

Currert Astrium experierce has led to consider the
following orbit strategies, which can be organised into
two large caegories

- Low Earth Orbits (initially circular)
- Geodtationary Trarsfer Orbits  (highly
dliptical)

For LEO satellites three main drategies have been
consideredt

- The dliptical orbit strategy consisting in
lowering the orbit perigee as much as possble
so that air drag will naturally erode the orbit
and indwce a mtural orbit decay ard
subsequent re-entry (see Fig. 1). This will be
obtained by applying repeasted omit control
maroeuvres atthe abit apogee,

- The circular orbit strategy consisting in a
series of Hohmam transfers (see Fig. 2), tha



will reduce the orbit semi-major axis while
keepng a crcular orhit,

- The continuousthrust strategy consisting in a
single continuous manoeuvre. This drategy
has beenconsidered for enmergercy cagsand
has never beenapplied so far. The final orbit
will be dliptical in agereral case.

In the caseof the dliptica orbit, the initial phase of the
deabitaon will consist in a clamarce manoewre
aiming © extractthe SIC from the operational orbit by
lowering its dtitude.
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Figure 1: Elliptical orbit strategy

The dliptical orbit strategy has been applied for
SPOT1 and SPOT 2 deorbitation and it will probably
be wsedagpin for SPOTS.
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Figure 2: Circular orbit strategy

The crcular orbit srategy has beenagplied for ERS-2,
HELIOS 1A ard will be wsedagain for SPOT4 by mid-
2013.

For Geastationary Trarsfer Orbits (GTO), the strategy
is quite straightforward as it consists in lowering the
orbit peigee. Two situations have beenexperienced by
Astrium:

- In the ca® of end of life operatons, the
strategy consists in lowering the orbit perigee
as much as possible with the remaining
propellant as shown in Fig. 3. The orbit will
naturally decay until an uncontrolled re-entry
takesplace,

- In the cag d a deorbitation imposd by a
launcher injedion anomaly. In this case, the
amournt of propellant is such that it is posside
to lower sgnificantly the orbit perigee and
obtain a mntrolled re-ertry (seeFig. 4).
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Figure 3: GTO initial orbit

The GTO ohit strategy has been applied to the
Myriade classsatellites Spirale A and B.
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Figure 4: Controlled re-entry

The controlled re-ertry has been applied to two
telecommunications satellites which were injeded on
non-exploitable orbits (Arabsat 4A and ExpressAM4).

2. DEFINITION OF PROCEDURES FOR
FINAL THRUSTS AND ELECTRICAL
PASSIVATION

Once he dearbitation strategy has been set up, Astrium
has defined the associated procedures to paform the
deorbitation itself and the satellite final passivation.

In the cae d SPOT-like platforms, specific procedures
have teen defined adapted to three different cass,



which correspord ectually to different platform
gererations. The different procedures aim to opimise
the sequencing of propdlant tanks depletion during the
find thrust sequene and the subsequent electical
passvation.

Case 1

Gereration of severa thrusts with Ground Station
coverage until tanks exhauding criteria ae
deteced by Ground ard then sending of
passvation commands.

Application case: SROT1, SROT2, ERS2 which
are baed on Spot Mark | platforms.

F gure:FOT 1 l

Case 2:

Gereration of onefind continuaus thrug followed
by an autonamous passvation through time-tagged
commands.

Application case: HelioslA ard forezen for
SPOT4, which are baed on Spot Mark Il
platforms.

Case 3:

Autonomous €ectrical passiwation as smn as
bateries under-voltage is detecied which alows
for tarks large de-pressurizaion.

This is foreseen on SPOT5 whichis acually based
onaSPOT Mark Il platform.

o

Figure 6: SPOTS

The ekctrical pasivaton commands cover the
transmitter switching OFF and the batteries
disconnection.

Fig. 7 hereater illustrates cag 1 ajplication on ERS-2
and how Ground determined tank depletion.
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Figure 7: Tank pressure evolution during last thrust

3. RELATED AOCSANALYSES

A key element in the deorbitation strategy is the AOCS
capacity to control the SC during all the operations.

Actudly, it hasbeen necesary to analyse the limits o
AOCS sensors and aduators prior to the definition of
the deorbitation grategy.

This paragaph preserts the main points considered in
the cag o LEO orbits for the SPOT Mark | ard Il
platforms

For circular or dliptical orbit strategies:

- Andysis of wheels kingic momentum off-
loading cepability. As the orbit altitude
decrea®s the dsturbing torque associated to
air dragincreagsand leads to a wheel kinetic
momentum build-up which may exceed the
off-loading cgpecity provided by
magnetorquers,

- Definition of an optimum dliptical orbit
orientation for ar drag reduction a perigee
by ensuring a solar array orientation edge-on
to the wind at the perigee, the disturbing
torques due to dr drag observed at such orbit
location will be the lowest,

- Andysis of Earth Sensor field of view
compatibility with lower dtitudes. as the orbit
altitude decragsthe Earth apparert diameter
increases and will ultimately exceed the
sensor FOV. Such a stuation will lead either
to define a target perigee dtitude not to be
exceeled or to paform pat of the
deorbitation withou optica sensors in the
loop.

For unique thrug strategy (emergercy ca®):

- Anadysis of opimum AOCS paameters
updae times during the continuows descent:
the significant variation of orbit charaderistics
during the deorbitation manoeuvre may




require adjusting periodically on-boad some
AOCS parameters (e g. mean orbital rate).

4. RELATED ON-BOARD SW ACTIVITIES

After the deorbitation itself, it has been necessary to
passivate elecricaly the dfferert spacecafts. As the
considered satellites had not been designed initially to
fulfil the stringent passvation rules imposed by the
new intemational direcives it has been necessary to
modify on boad SV in such a way that electical
passiwation of the satellite can be performed in a
satisfactory way.

This has required the definition of various patches
neeckd for the procedures applicaion, induding FDIR
adapations. Here dter we provide sme examples of
such SW patches:

- Final autonomous éectrical passivation upon
power bus under-voltage detection: the
principle is to determine autonomously on
boad when to trigger the electical
passivation once the deorbitation has been
completed and the popellart has been
exhauged. This dlows for a sgnificant tank
depressuization level,

- Automatic AOCS parameters updates for the
continuous thrug option: the objedive is to
adgpt some onboad paameters withou
ground intervention a the deorbitation
progreses (eg. thruster generated torques
which depend on the remaining propdlant
mas9

- Disabling of some S/C monitorings or
thresholds adjustments and dso modified
reactonin ca® o triggering

- Prior to the last orbit control manoeuvre, the
Ground jug activates, by patching a flag, the
sending o the pasgvation commands upan the
triggering of the atead/-existing main power
bus under-voltage  surveillance  This
commands sending takes placeingea of the
Power Subsystem recanfiguration.

5. SUPPORT TO CNES/ESA FOR
PROCEDURESVALIDATION AND
FLIGHT OPERATIONS

In the cag of LEO satelites, erd of life gperations
have been peformed unde CNES and ESA
resporsihility.

Astrium role in this case was to bring an expertise in
terms of S/C design and to suppott the opeations
direcly conducted by the agncies

This was the situation for SPOT Mark | and SPOT
Mark Il satellites: SFOT1&2, ERS-2 and HELIOS 1A.

6. DEORBITATION OPERATIONS DONE
FROM ASTRIUM TOULOUSE
PREMISES

In the cae of Spirale A and B, as well as Arabsa 4A
and ExpressAM4, the end of life opeations have keen
direaly condwted by Astrium in their Tououse
premises.

Figure 9: EXPRESS AM4

7. ACHIEVED ORBITS

Tah 1 here ater providessome figures about theinitial
orbits, the achievedorbits and S'C mass charaderistics
and remaining propdlant mass at the beginning o the
deorbitation.

The abde ows the estimated re-entry period which is
in all the cagscompliart with the Z-yearrule.

Deorbitation | Remaining| [nitial Altitude Re-entry
SC date propellant | altitude d_rop period
(variation)
SPOT Mark | platforms
SPOT1 | Noverber 240Km
(1750 K g) 2003 60kg 820km (peiiged < 25 years|
SPOT2 250Km
(1750 Kg) July 2009 60kg 820km (peiiged < 25 years|
ERS2 | July-August 210Km
(2280Kg)| 2011 160kg [ 80Okm | ;0 jar) | 15VERrs
SPOT Mark Il platforms
HELIOS _ 70Km
1A January 2012 40k Classfied (circular) < 25 years|
(2360 Kg)
Myriade platforms
. GTO
SpiraleA| February 233K 465km
.33kg | ~650km - <5years
(123 kg) 2011 (periged) (perige®
. . GTO
Spirale B| March-April 23k 450km
3kg |~675km - < 25 years|
(123 kg) 2011 (peliged (perige®

Table 1: Achieved orbits after deorbitation




8. CONCLUSION

Astrium has alread/ acaquired a significart experierce
on end of life opeations (deorbitation and passvation)
which will be useful:

- For future deorbitations like SPOT4
(currently scheduled mid-2013) SPOTS in
2015 ad METOP A later on,

- But dso for future S/IC designs in order to
better comply with internationa regulations
on gpace elris.

9.
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