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outline

» Around the world for 1700 days

» After we ran out of fuel: de-orbiting & re-entry

» Results and their context: what has GOCE taught us?
» What next?
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a short historical recap esa

» Planned mission: 20 months all inclusive’
» 2 ‘measurement’ phases of six months - with
propellant resources for 3

5th international goce user workshop 25 november 2014



s

mission phases as planned at selection {cesa
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a short historical recap esa

» Planned mission: 20 months all inclusive’
» 2 ‘measurement’ phases of six months - with
propellant resources for 3

» Actual flight: 4.5y of near-continuous science
operations

» No distinction between eclipse or sunlit periods

» Flawless operation of drag-free control system
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eclipse phases as encountered
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a short historical recap

» Planned mission: 20 months all inclusive’
» 2 ‘measurement’ phases of six months - with
propellant resources for 3

» Actual flight: 4.5y of near-continuous science
operations

» No distinction between eclipse or sunlit periods

» Flawless operation of drag-free control system

» Celebrating today a highly successful joint
undertaking of ESA, European industry and science
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actual altitude history

Mean spherical altitude
(subtract 5 km for equatorial altitude)

Commissioning “Routine” mission at 255 km equatorial altitude “Second” mission
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satellite performance esa

DFM_FINE %
DFM_COARSE |
DFM_PREP — DFACS Mode Days
CPM 9,4
FPM [ ECPM 21,6
u FPM 185,0
ECPM DFM_PREP 78,7
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CPM DFM_FINE 1392,1
| | |
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Number of days

DFM = drag-free mode
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satellite performance
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actual altitude history

Mean spherical altitude
(subtract 5 km for equatorial altitude)

Commissioning “Routine” mission at 255 km equatorial altitude “Second” mission
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satellite performance - science seruice interruptions
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satellite performance - science seruice interruptions

esa

m__
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satellite performance - science seruice interruptions \\&Qgesa

from to _#daysevent

16/10/09 26/10/09 11 Fallback due to IPA SW crash + nlavback data corruption
"12/02/10 02/03/10 19 CDMU failure i
20/03/10 | 24/03/10 5 EGG SW crash + electrodes reconfiguration
30/06/10 06/07/10_____7_IPASW crash +EGG teconfiguration
e 08/07/10 01 91 NoTM anomaly -
02/01/11 19/01/11 18 SoTTstatevectoranomary "
08/02/11 10/02/11 3 EGG SW crash + FEEU desynchronisation
23/09/11 26/09/11 4 EGG SW crash
09/11/11 11/11/11 3 Fallback due to IPA SW crash
05/03/12 08/03/12 4 | Safe Mode #4 (sudden PASW restart)
07/06/12 13/06/12 7 Safe Mode #5 (loss of attitude control due to EGG ASH1 anomaly)
13/01/13 14/01/13 2 Fallback due to IPA SW crash
02/02/13 07/02/13 6 EGG ASH1 anomaly and loss of attitude control in recovery
05/05/13 06/05/13 2 EGG ASH1 anomaly
29/08/13 30/08/13 2 Fallback due to IPA SW crash
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satellite performance - science seruice interruptions {cesa

from to _#daysevent

16/10/09 26/10/09 11 Fallback due to IPA SW crash + nlavback data corruption
"12/02/10 02/03/10 19 CDMU failure i
20/03/10 | 24/03/10 5 EGG SW crash + electrodes reconfiguration
30/06/10 06/07/10____7_IPASW crash + EGG reconfiguration
e 08/07/10 01 91 NoTM anomaly -
02/01/11 19/01/11 18 SoTTstatevectoranomary "
08/02/11 10/02/11 3 EGG SW crash + FEEU desynchronisation
23/09/11 26/09/11 4 EGG SW crash
09/11/11 11/11/11 3 Fallback due to IPA SW crash
05/03/12 08/03/12 4 | Safe Mode #4 (sudden PASW restart)
07/06/12 13/06/12 7 Safe Mode #5 (loss of attitude control due to EGG ASH1 anomaly)
13/01/13 14/01/13 2 Fallback due to IPA SW crash
02/02/13 07/02/13 6 EGG ASH1 anomaly and loss of attitude control in recovery
05/05/13 06/05/13 2 EGG ASH1 anomaly
29/08/13 30/08/13 2 Fallback due to IPA SW crash

No TM anomaly was a real threat to the success of the
mission, after having lost the nominal computer earlier
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satellite performance - science seruice interruptions

BE O Signin News Sport Weather iPlayer TV Radio More...
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Top Storie
Goce gravity satellite ‘caught the cold'

By Jonathan Amos
Science correspondent, BBC News

-

NHS staff to fly o

The flagship European Earth observation Labour 'still party
satellite Goce was knocked offline because
some of its onboard systems got too cold as

it circled the planet.

Memorial due for

14 injured in hote

The spacecraft is on a mission to make the most
precise maps yet of how gravity varies across
the world.

Features

But when a fault appeared in its one fully
functional computer, the flow of science data to
the ground stopped.

Goce flies lower than any other scientific satellite

Related Stories
Controllers managed to recover the situation only when they turned the

heat up inside the satellite.
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Lat

data auailability
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Lat

data auailability
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data availability esa

Height <160 Km
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data auailability

Station passes down to 120 Km
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de-orbiting & re-entry

» Some 23,000 catalogued objects (>10cm) have re-entered since 1958
- 1 to 2 catalog objects per day (d > 10cm)
- 1 to 2 potential survivor objects per week (d > 1m)

» ESA Space Debris Mitigation Requirements:

In case the total casualty risk is larger than 10, uncontrolled re-entry is
not allowed. Instead, a controlled re-entry must be performed such that
the impact foot-print can be ensured over an ocean area, with sufficient
clearance of landmasses and traffic routes.

» Need for a good understanding of the physical process governing orbital
decay and re-entry break-up, especially for the implementation of future
missions
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research opportunities: tracking and prediction

» On request ESA provides predictions for uncontrolled re-entry events to
national alert centres

» Since uncontrolled re-entries normally concern inactive objects, active
(ground-based) sensors are used

» Inter-Agency Debris Coordination Committee pools sensors to enrich
prediction results

» GOCE performed a re-entry with no orbit control (i.e., uncontrolled in the
above sense) while recording positional and attitude data

» GOCE re-entry therefore is a reference for the validation of
- ground based orbit and attitude measurements (radar, optical, SLR)
- orbit & attitude dynamic predictions
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ground-based imagery of GOCE &sesa

S

GOCE Spacecraft Last Orbital Views
Sept 22, 2013 18:35UTC range: 232 km / alt: 231,6 km

Upper row: High contrast rough processing / Lower row: Low contrast subtle processing

.

of atmosphere at the operating
m altitude of the satellite

R. Vandebergh / ralfvandebergh.startje.be

“»‘;' i 3 We clearly see a sign of the fins
a 3 - which help to keep GOCE stable
s Bl as it flies through the upper layers
: \“‘\;
Fin
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ground-based imagery of GOCE during de-orbiting phase

Earth pointing
large fin

7 Multipath streaks

— Top Bottom

Courtesy: Fraunhofer Institute
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evolution of the prediction window

GOCE (09-013A,34602), TLEs till 13314.89930556 (10-Nov-2013)

COIW: Central Time Of Impact Window (nom./-dt/+dt)

Last available orbit data (UTC): 2013/11/10 21:35:00.00
COIW (UTC): 2013/11/10 23:52:00.00, LON: 115.61, LAT:-12.24
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why are the re-entry data important?

EsAll

USSTRATCOM

\\m

[00:16 UTC]: Re-entry confirmed (visual and by radar/IR sensors)

[23:03 UTC]: SatEvo computes decay at 0:09 UTC on November 11

[22:13 UTC]: Last ESA Re-Entry Prediction: 22:50 to 00:50 UTC

[21:43 UTC]: Last USSTRATCOM Re-Entry Prediction: November 10, 2013 - 23:58 UTC +/-2 hours

Re-entry predictions difficult; all predictions had significant uncertainties; satellite kept “flying”
—> political interest in space debris issues, casualty risk mitigation, social responsibility of all ‘space’, etc.
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research opportunities: re-entry & break-up

» In order to determine on-ground risk (also prior to mission
implementation) ESA uses dedicated software tools to simulate the re-
entry break-up process

» Simulations consider the aerodynamic and aerothermal effects that occur
as a result of the spacecraft/atmosphere interaction

» GOCE re-entry data down to nearly 100 km help validate such simulations
(although GOCE was a very special design):

- decay rate (from TM and ground observations)
- attitude motions (from TM)

- temperature of selected components (sensor TM)
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research opportunities: re-entry & break-up
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research opportunities: re-entry & break-up
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research opportunities: re-entry & b
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Aerodynamic analysis
—> forces and torgues
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research opportunities: re-entry & break-up

A

L VaVavaa
AT AR ATATAATAT)

S P ft dellin
g 00 7474 NN ) W /) A4
A A A A A
. L ol TN W WA O A A A A R A A A A W il VaAYAvaYa"a%a"
- > SII I Ip I Ie I I lO e 22 AR A A A AAAA A A A AAAAAA A A A A AAAAAAA (AR AZZ A2 A AR AA A

waTATA

Wav4
A

Aerodynamic analysis
—> forces and torgues

Dynamic analysis
—> trajectory and attitude motion
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research opportunities: re-entry & break-up

Spacecraft modelling
—> simplified model

Aerodynamic analysis
—> forces and torgues

Dynamic analysis
—> trajectory and attitude motion

Aerothermal analysis
—> heating and melting
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research opportunities: re-entry & break-up

Spacecraft modelling
—> simplified model

Aerodynamic analysis
—> forces and torgues

Dynamic analysis
—> trajectory and attitude motion

Aerothermal analysis
—> heating and melting

Fragmentation analysis
—> structural fracture and
separation due to melting
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research opportunities: re-entry & break-up {sesa
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gravity field model before and now & esa

free_air_gravity_anomaly (gravity_anomaly) - Unit: mgal
-75 0 75
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gravity field model before and now :esa

after CHAMP

free_air_gravity_anomaly (gravity_anomaly) - Unit: mgal
-180 -75 0
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gravity field model before and now {cesa

GRACE 2010
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gravity field model before and now :esa

GOCE Release 1
(2 months data)
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gravity field model before and now :esa

GOCE Release 3

free_air_gravity_anomaly (gravity_anomaly) - Unit: mgal
-75 0
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gravity field model before and now {cesa

GOCE Release 5
(all GOCE data)

free_air_gravity_anomaly (gravity_anomaly) - Unit: mgal
-150 -75 0
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collection of science highlights

esa

2 EARTH'S GRAVITY FROM SPACE

Some insights into the scientific achievements
and legacy of the ESA's gravity mission GOCE

freshly available on
iBook Store
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conclusions

» Voyage extraordinaire of GOCE has exceeded all expectations, and
provided some thriller drama during its 1700 days of flight

» Fascinating ‘second mission” from August 2012 to Nov 2013
» Spectacular de-orbiting & re-entry data
» A good number of ‘surprise’ discoveries

» Gravity data from GOCE will be hard to beat in terms of spatial resolution.
Direct measurements of gravity gradients is extremely useful for earth
science.

» Scientists and space agencies are working to define the requirements and
technical solutions for the next step in space-based observations of gravity
(mass variations) from space

» Exploitation of GOCE data for Earth system understanding is still only at the
beginning
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