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FOREWORD 

!   Equations 

!   Mathematical models 

!   Software names 

!   Operational experience: flying a space mission beyond its design lifetime 

!   Consequences on mission planning strategy and mission planning system 

In this slideshow you won’t find: 

THE CLUSTER EXPERIENCE 

So what is this all about? 



!   Earth‘s magnetosphere / solar wind interaction   

!   3 D observations 

!   High elliptical orbit  (period ~ 54hrs) 

!   Perigee~6000km 

!   Apogee~130000km 
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MISSION OVERVIEW 

4 Spacecraft flying in Formation 

THE CLUSTER EXPERIENCE 

•  Link budget & visibility 
–  Higher apogee à transmit data in 

low bit rate  
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MISSION OVERVIEW 

!   Cylindrical shape (1.3m x 2.9m) 

!   Spin stabilized   

!   Body-mounted Solar Array 

!   Main Equipment Platform 

!   Rigid & Wire Booms 

!   Hemispherical Antennas 

Spacecraft Architecture 

THE CLUSTER EXPERIENCE 
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MISSION PLANNING STAKEHOLDERS 

THE CLUSTER EXPERIENCE 

Science 
Ops. 

Centre 

Flight 
Control 
Team 

Flight 
Dynamics 

Science 
observation 
requests 

Event and 
orbit forecast 

Mission 
Control 
System 

M
PS 

Spacecraft 
commands 
schedule 

DSN 

Ground station 
allocation plan 

ESTRACK 

Ground station 
allocation plan 

Plan 
refinement 
requests 

Plan 
refinement 
requests 



!   Housekeeping RAM memory = 40 hours telemetry 

!   On board time-tagged commands table = 2500 commands 

!   Science data collection rates: 

!   Nominal Mode NM ~22kbps 

!   Burst Mode BM ~131kbps (~6X with respect to NM) 

!   Data dump rates: 

!   Low Bit Rate LBR ~131kbps 

!   High Bit Rate HBR ~262kbps (2X with respect to LBR) 

!   User data return >= 95% of science data 

!   Plan must allow performing routine and special flight control operations 
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MISSION PLANNING STRATEGY 

Non-Real Time Mission 

THE CLUSTER EXPERIENCE 



!   Payload total 37 units still OK (44 beginning of life) 

!   Still full redundancies for: 

!   On-board data handling 

!   Attitude control 

!   Thermal control 

!   Tracking, Telemetry and Command 

!   Running low on fuel! 

!   Severe degradation of power generation and power storage capability 
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SPACECRAFT AGEING CONSEQUENCES 

27 months design lifetime VS. 13 years in orbit 

THE CLUSTER EXPERIENCE 

Major operational and planning concern 



! AgCd Batteries à electromagnetic cleanliness 

!   Nowadays mostly depleted 

!   Heavy workload for eclipse operations 

 

 
3/25/13 8 

Mauro Bartesaghi, IWPSS 2013 

SPACECRAFT AGEING CONSEQUENCES 

Batteries degradation 

THE CLUSTER EXPERIENCE 

Status March 2013 

S/C
Total 

capacity
Capacity 
in 2000

C1 0.0
C2 2.3
C3 1.2
C4 1.7

0.0
1.1 0.0 0.0 0.0 1.2
0.0 0.0 0.0 0.0

0.0 0.0
0.0 0.0 0.0 0.0

Battery 5

80 Ah

Battery 1 Battery 2 Battery 3 Battery 4

1.2
0.0 0.0 1.7

Cracked, caused delta-v between 2 to 10mm/s 



!   Spin stabilization à no need for active attitude control 

!   Complete platform power off in umbra 

!   Need to dump all data first 

!   Real time pre-eclipse configuration (15 to 30 minutes needed) 

!   Real time post-eclipse recovery (1h 45 minutes needed) 

!   Workload concentrated in eclipse seasons 

!   Short eclipses, in winter (2-3 months) 

!   Long eclipses, in summer (2-3 weeks) 
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SPACECRAFT AGEING CONSEQUENCES 

Eclipse operations with no batteries 

THE CLUSTER EXPERIENCE 
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SPACECRAFT AGEING CONSEQUENCES 

THE CLUSTER EXPERIENCE 

Telemetry 
       SC1              SC2             SC3             SC4 
Forecasts 
       SC1              SC2             SC3             SC4 

Threshold for high power 
transmission: 190W 

Solar Array Power (SAP) decrease 
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SPACECRAFT AGEING CONSEQUENCES 

Link Budget: High power transmission VS. low power transmission 

THE CLUSTER EXPERIENCE 

High power transmission 

High bit rate dump 
up to ~60000km 

Low bit rate dump 
up to ~100000km 

No-dump 
region 

High bit rate dump 
up to ~100000km 

Low power transmission 



!   Low power mode transmission 

!   Smaller portion of the orbit can be used for dump 

!   Most data dump in Low Bit Rate 

!   Science data return reduction OR Longer data dump time 

!   Longer ground station usage 

!   Higher cost 

!   Compromise: Payload / amplifier power sharing 
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SPACECRAFT AGEING CONSEQUENCES 

Link Budget: High power transmission VS. low power transmission 

THE CLUSTER EXPERIENCE 
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PAYLOAD-AMPLIFIER POWER SHARING 

A three-steps process 

THE CLUSTER EXPERIENCE 

Flight 
Control 
Team 

Power sharing 
schedule 

Ground stations 
utilisation plan  

ESTRACK Planning 
System 

Optimised ground 
station usage 

Cluster 
MPS Check planning conflict 

Boundary conditions:  
- Science operations 
- Link budget 

Ground stations 
utilisation plan  

Generate 
commands 
sequences 
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SPACECRAFT AGEING CONSEQUENCES 

THE CLUSTER EXPERIENCE 

Telemetry 
       SC1              SC2             SC3             SC4 
Forecasts 
       SC1              SC2             SC3             SC4 

Threshold for high power 
transmission: 190W 

Payload / amplifier power sharing: 
possible until power > 165W 

Payload / transponder power sharing 
mandatory below ~155W 

Solar Array Power (SAP) decrease 
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PAYLOAD-TRANSPONDER POWER SHARING 

A science-driven plan 

THE CLUSTER EXPERIENCE 

Science 
Ops. 

Centre 
Input:  
- Orbit data 
- Link budget 

ESTRACK 
Flight 

Control 
Team 

Optimise ground 

stations utilisation 
Optimise science 

observations 

Cluster 
MPS Check 

planning 
conflict 

Generate 
commands 
sequences 

Science observation AND power sharing schedule 



!   Increasing Earth albedo 

!   Changing solar cells thermal properties 
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SPACECRAFT AGEING CONSEQUENCES 

Perigee power drop 

THE CLUSTER EXPERIENCE 

!   Up to 25W loss 

!   Perigee lower 
consumption scheme 

 

 



!   Independent from link budget! 

!   Tailored on spacecraft needs 

!   Spacecraft 1: 90 minutes transponder off 

!   Spacecraft 2: 60 minutes transponder off 

!   Spacecraft 3 and 4: still no need for transponder off 
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SPACECRAFT AGEING CONSEQUENCES 

Link Budget: no transmission at perigee 

THE CLUSTER EXPERIENCE 



!   Hard to forecast operational scenarios for a mission extended largely 
beyond its design lifetime 

!   Address the problems by exploiting existing design features in a new, 
unforeseen way 

!   Define clear, general strategy  

!   Tailor it to the specific present needs 

!   Have it ready for the upcoming challenges 

!   Develop mission planning tools to fit the new needs 
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CONCLUSIONS 

Cluster’s lessons learned 

THE CLUSTER EXPERIENCE 



 

 

 

 

 

 

 

 

!   mauro.bartesaghi@esa.int 
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THANK YOU 

Questions? 

THE CLUSTER EXPERIENCE 


