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1. SCOPE AND PURPOSE

This document is submitted in partial fulfiment of Work Package 1A-ADA of the GG Phase A2
Study (DRL item DEL-33).

The purpose of the document is to provide the budget status of the reference GG configuration,
documented in [RD-4].
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2. REFERENCES

2.1 Applicable Documents

[AD 1]

ASlI, “Progetto Galileo Galilei-GG Fase A-2, Capitolato Tecnico”, DC-IPC-2007-082, Rev. B,
10-10-2007 and applicable documents defined therein

2.2 Standards

[SD 1]
[SD 2]

[SD 3]
[SD 4]

ECSS-M-00-02A, Space Project Management — Tailoring of Space Standards, 25 April 2000

ECSS-E-ST-10C, Space Engineering - System Engineering General Requirements, 6 March
2009

ECSS-E-10-02A, Space Engineering — Verification

ECSS-Q-00A, Space Product Assurance - Policy and Principles, and related Level 2
standards.

2.3 ASI Reference Documents

[RD 1]

[RD 2]

[RD 3]

GG Phase A Study Report, Nov. 1998, revised Jan. 2000, available at:
http://eotvos.dm.unipi.it/nobili/ggweb/phaseA/index.html

Supplement to GG Phase A Study (GG in sun-synchronous Orbit) “Galileo Galilei-GG”: design,
requirements, error budget and significance of the ground prototype”, A.M. Nobili et al.,
Physics Letters A 318 (2003) 172-183, available at:
http://eotvos.dm.unipi.it/nobili/documents/generalpapers/GG_PLA2003.pdf

A. Nobili, DEL001: GG Science Requirements, Pisa, September 2008

2.4 GG Phase A2 Study Notes

[RD 4]
[RD 5]
[RD 6]
[RD 7]
[RD 8]
[RD 9]
[RD 10]

[RD 11]
[RD 12]
[RD 13]

SD-RP-AI-0625, GG Final Report / Satellite Detailed Architecture Report, Issue 1
SD-RP-AI-0626, GG Phase A2 Study Executive Summary, Issue 1

SD-TN-AI-1163, GG Experiment Concept and Requirements Document, Issue 3
SD-RP-AI-0620, GG System Performance Report, Issue 2

SD-TN-AI-1167, GG Mission Requirements Document, Issue 2

SD-RP-AI-0590, GG System Concept Report (Mission Description Document), Issue 3

SD-SY-AI-0014, GG System Functional Specification and Preliminary System Technical
Specification, Issue 1

SD-RP-AI-0631, GG Consolidated Mission Description Document, Issue 1
SD-TN-AI-1168, GG Mission Analysis Report, Issue 2

DTM, GG Structure Design and Analysis Report, Issue 1
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[RD 14]
[RD 15]
[RD 16]
[RD 17]
[RD 18]
[RD 19]
[RD 20]

[RD 21]
[RD 22]
[RD 23]
[RD 24]
[RD 25]
[RD 26]
[RD 27]
[RD 28]
[RD 29]
[RD 30]

SD-RP-AI-0627, GG Thermal Design and Analysis Report, Issue 1
SD-RP-AI-0268, GG System Budgets Report, Issue 1

SD-RP-AI-0621, Technical Report on Drag and Attitude Control, Issue 2
TL25033, Payload Architectures and Trade-Off Report, Issue 3
SD-RP-AI-0629, Technical Report on Simulators, Issue 1
GG.ALT.TN.2003, FEEP Microthruster System Technical Report, Issue 1

TASI-FI-44/09, Cold Gas Micro Thruster System for Galileo Galilei (GG) Spacecraft - Technical

Report, Issue 1, May 2009

SD-RP-AI-0630, Spin Sensor Design, Development and Test Report, Issue 1
SD-TN-AI-1169, GG Launcher Identification and Compatibility Analysis Report,
ALTEC-AD-001, GG Ground Segment Architecture and Design Report, Issue 1
SD-TN-AI-1218, GG Preliminary Product Tree, Issue 1

SD-PL-AI-0227, GG System Engineering Plan (SEP), Issue 2

TAS-I, Payload Development and Verification Plan, Issue 1

SD-PL-AI-0228, GG System Verification and Validation Plan, Issue 1
SD-TN-AI-1219, Report on Frequency Management Issues, Issue 1

Issue 1

SD-RP-AI-0632, GG Mission Risk Assessment And Mitigation Strategies Report, Issue 1

SD-RP-AI-0633, Report on Mission Costs Estimates, Issue 1
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3. MASS BUDGETS

3.1 System Mass Budget

Target Spacecraft Mass at Launch 1000,00 L]
Below Mass Target by: kg
Without Margin Margin Total % of Total
Dry mass contributions % kg kg
Structure 104,61 kg 18,09 18,92 123,53 23,86
Thermal Control 8,70 kg 20,00 1,74 10,44 2,02
Communications 9,60 kg 10,00 0,96 10,56 2,04
Data Handling 16,00 kg 20,00 3,20 19,20 3,71
AOCS 5,92 kg 13,11 0,78 6,69 1,29
Propulsion 37,66 kg 13,95 5,26 42,92 8,29
Power 57,68 kg 14,82 8,55 66,23 12,79
Harness 12,50 kg 20,00 2,50 15,00 2,90

Payload 55,34 kg 12,77 7,07 62,41 12,05
Total Dry(excl.adapter) 356,98 kg
System margin (excl.adapter) 71,40 kg
Total Dry with margin (excl.adapter) 428,38 kg

Other contributions
Wet mass contributions
Propellant 4,75 kg 100,00 4,75 9,50 1,83
Adapters mass (including sep. mech.), kg 79,94 kg 0,00 0,00 79,94 15,44
Total wet mass (excl.adapter) 437,88 kg

Launch mass (including adapter) 517,82 kg

Table 3.1-1: Launch mass budget
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3.2 PGB Mass Budgets

3.2.1 Detailed Experiment Mechanics Mass Budget

Unit Mass | Total Mass| Margin Margin T,Oqu Mass
Name No. . with margin
[kgl [kg] [%] [kq]
[kgl
Inner Test Mass 1 10,000 10 0 0,00 10,00
Outer Test Mass 1 10,000 10 0 0,00 10,00
PGB Shaft 2,879 20 0,58 3,45
Mollette giunto 1 1 0,102 0,102
Mollette giunto 2 1 0,071 0,071
Mollette supporto piezo 1 1 0,098 0,098
Mollette supporto piezo 2 1 0,030 0,03
Assy supporto centrale 1 0,060 0,06
Cilindro Giunto interno 1 1 0,161 0,161
Cilindro Giunto interno 2 1 0,049 0,049
Cilindro portante 1 1,082 1,082
Piastre capacitive 1 1,164 1,164
Piastrine capacitive 1 0,062 0,062
PGB Shell allocation (TBC) 1 7,60 7,60 20 1,52 9 12
pmetal on PGB shell 1 1,76 1,76 20 0,35 2,11
PGB interface spring 8 0,11 0,86 20 0,17 1,04
Plasma shielding grid allocation 4 0,01 0,04 20 0,01 0,05
Locking mechanisms allocation (TBC) 1 8,40 8,40 20 1,68 10,08
Inch Worm 16 0,10 1,60 20 0,32 1,92
PAYLOAD TOTALS 43,14 10,7% 4,63 47,77

Table 3.2-1: PGB mechanics mass budget
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3.3 SVM Mass Budget

FUNCTIONAL SUBSYSTEM nr ass (kg) per uotal Mass (k¢Margin (%) Margin (kg) Mass (kg) with Margin
Structure 104,61 18,09 18,92 123,53
Upper Platform 1 1,23 1,23 20,00 0,25] 148
Upper Cone 1 7,08| 7,08 20,00 142 8,50
Outermost Cylinder| 1 11,35 11,35 20,00 2,27 13,62
Lower Cone 1 7,08 7,08 20,00 142 8,50
Lower Platform 1 1,23 1,23 20,00 0,25 148
Cone to Cylinder I/F ring] 2 14,58 29,16 20,00 5,83 34,99
Cone to Platform I/F ring] 2 4,03 8,06 20,00 1,61 967
PGB shell lock/unlock mech.] 2 2,50 5,00 20,00 1,00 6,00
Separation system ring 1 2,50 2,50 20,00 0,50 3,00
Miscellaneous (inserts. cleats. etc. 1 9,00 9,00 20,00 1,80 10,80
Ballast mass| 1 10,00 10,00 0,00 0,00 10,00
Payload support cone, 2 4,80 9,60 20,00 192 11,52
_ PGB interface] 2 1,66 3,32 20,00 0,66 3,98
Thermal Control 8,70 20,00 1,74 10,44
MLI thermal blanket] 1 4,30 4,30 20,00 0,86 5,16
Paints & tg@l 1 1,20 1,20 20,00 024 144
Heating line 1 0,20 0,20 20,00 0,04 0,24
Doublers| 1 2,00 2,00 20,00 040 240
Miscellanea-l 1 1,00 1,00 20,00 0,20 1,20
Communications 9,60 10,00 0,96 10,56
XPDN S-Band 1 1 3,60 3,60 10,00 0,36 3,96
XPDN S-Band 2 1 3,60 3,60 10,00 0,36 3,96
RFDN S-Band 1 1,20 1,20 10,00 0,12 1,32
S-Band Antenna 1 1 0,60 0,60 10,00 0,06 0,66
S-Band Antenna 2 1 0,60 0,60 10,00 0,06 0,66
Data Handling 16,00 20,00 3,20 19,20
CTU+RTU[ 1] 16,00| 16,00| 20,00( 3,20] 19,20
AOCS 5,92 13,11 0,78 6,69
Smart Sun Sensor| 2| 0,33 0,66 5,00 0,03 0,69
Spin Rate Sensor|] 2 0,70 1,40 20,00 0,28 1,68
Spin Rate Sensor el. 2 0,90 1,80 20,00 0,36 2,16
Magnetometer 3| 0,19 0,56 5,00 0,03 0,58
Gyroscope 2 0,75] 1,50 5,00 0,08 1,58
Propulsion 37,66 13,95 5,26 42,92
EPS Assembly| 2 9,27 18,54 20,00 3.71 2225
EPS Miscellanea 1 2,14 2,14 20,00 0,43 2,57
Nitrogen Thrusters 8| 0,10] 0,80 5,00 0,04 0,84
Nitrogen Tank] 2| 7,19 14,38 5,00 0,72 15,10
Lines & Valves| 1 1,80 1,80 20,00 0,36 2,16
Power 57,68 14,82 8,55 66,23
Solar Array|] 2 13,91 27,82 20,00 5,56 33,38
PCDU 1 13,50 13,50 10,00 1,35 14,85
Battery|] 1 16,36 16,36 10,00 1,64 18,00
Harness 12,50 20,00 2,50 15,00
Power Hamess| 1] 12,50] 12,50] 20,00] 2,50[ 15,00
Payload 55,34 12,77 7,07 62,41
Inner test mass| 1 10,00 10,00 0,00 0,00 10,00
Outer test massl 1 10,00 10,00 0,00 0,00 10,00
PGB Shaft] 1 2,88 2,88 20,00 0,58 345
PGB Shell allocation 1 7,60 7,60 20,00 152 912
ECE| 1 5,40 5,40 20,00 1,08] 648
CPE| 1 7,20 7,20 20,00 1,44 8,64
Locking Mechanisms allocation 1 8,40 8,40 20,00 1,68 10,08
Inch Worms allocation| 12 0,10 1,20 20,00 0,24 144
Plasma shielding grids allocation 4 0,01 0,04 20,00, 0,01 0,05
mumetal on PGB shell 1 1,76 1,76 20,00 0,35 2,11
PGB interface spn‘ngj 8| 0,11 0,86 20,00 0,17] _ 1,04
Propellant 4,75
Table 3.3-1: SVM mass budget
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3.4 Propellant Mass Budgets

3.4.1 Attitude Control propellant mass budget

The attitude control has in charge the management of the rate damping and Sun acquisition
after launcher separation, and satellite spin-up to initiate the scientific mission.

Taking into account the proposed cold-gas assembly, the following total impulse budget has
been computed:

Rate damping+Sun acquisition 30 Ns
Holding phase before spin-up 900 Ns
Spin-up : 4600 Ns
Total impulse : 5530 Ns

Considering a specific impulse of 60s, the total propellant mass equals 9.4kg (9.5kg has been
considered available, providing an additional total impulse of about 60Ns).
3.4.2 FEEP propellant mass budget

The propellant mass has been derived considering a simplified assembly (optimization will be
still possible).

Without FEEP failure : 2060 Ns (two years mission, each thruster)
After one FEEP failure : 4065 Ns (two years mission, thruster)
Total impulse : <4500 Ns

At the end, considering a two years mission, the propellant required for each thruster shall be
compatible with a total impulse of 4500Ns each thruster.

3.4.3 CGPS propellant mass budget (alternative)

The propellant mass has been derived considering a simplified assembly (optimization will be
still possible).

Assembly : 13380Ns (two years mission)

Considering a two years mission, the propellant required is 23kg (Isp=60s).
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4. MASS PROPERTIES

4.1 Centre of Mass, Direction cosines of the Principal Axes and Inertia Matrix

In the following, CoM, direction cosines and inertia matrix tables are provided, as follows.

O for the full spacecraft in Table 4.1-1;

Q for the spacecraft without the PGB assembly in Table 4.1-2;
O for the PGB assembly without the proof masses in Table 4.1-3;

O for the outer proof mass in Table 4.1-4;
O for the inner proof mass in Table 4.1-5

Definition

2]

% ﬁ% |Selecti0n |GG 5/C

Result

Calculation mode : Exact
Type : Wolume
Characteristics

—————Center OF Gravity {G) —

yolume | 0.413m3

Gx | 1004.08mm

area  |53,935m2

Gy |-0.87mm

Mass  |346.283kg

Gz [-7.99mm

Density | Nat uniform

—Inertia Matrix | G

Inertia | G | Inetkia | O | Inerkia { P | Inertia | Axis | Inertia | Axis System |

IoxG [127.202kgxm2

loys  |97.733kgxm2

IozG | 108.295kgxm2

LeyG  |0.002kgxm2

ez |0.016kgxm2

Iy2G  |-1.32kgmz

Principal Moments | G
’;41 |97.57tkgzem?

M2 | 108.462kgxm2

M3 |127.202kgxm2

—Principal Axes

alx [-0.000128

azy  |0.000882

azx -1

aly |0.992512

azy |0.122143

A3y |-0.000022

alz [0.122149

a2z |-0.992511

43z [-0,000871

O Keep measure

Creake geametr I Export I Cuskormize. ., ]
@ oK I éCanceIl

Table 4.1-1: Mass Properties for the full GG spacecraft

THALES

All rights reserved, 2007, Thales Alenia Space

CONTROLLED DISTRIBUTION

- @

M032-EN

100181547K-EN



CONTROLLED DISTRIBUTION
j REFERENCE : SD-RP-AI-0628
ThalesAlenia

e Y e G S p ace

June 09
01

DATE :

ISSUE : PAGE : 13/34

Measure Inertia

Definition

% a%ls.election Jaas)c
¥

Result

Calculation mode ¢ Exact
Twpe : Wolume
Characteristics

—Center OF Gravity (G) —

yolume  [0.386m3

Gx | 1002,794mm

frea  [50.213m2

Gy [-1.113mm

Mass  |289.043kg

Gz [-9.122mm

Density | Mot uniform

Inertia | G | Inertia [ O | Inettia | P | Inertia | Axis | Inertia } Axis System |

—Inertia Matrix | G

IoxG |125.455kgxm2

IoyG | 95.931kgxm2

Iozis | 108.5kgxm2

Loy |0.002kgxm2

LG |0.015kgxm2

IyzG  |-1.32kgemz

Principal Moments | G
’;n | 95.765kgzmz2

Mz [108.662kgxm2

M3 | 125.455kgxmz

—Principal Axes

alx [-0,000158

a2 |0.000958

a3x  [-0,999999

aly |0.99252

a2y [D.122084

A3y |-0.000034

alz [0.122084

a2z |-0.992519

a3z [-0.001

O Keep measure Create geoﬁatr ] Expork ] Customiz_e. T ]

@ oK l aCanceII

Table 4.1-2: Mass Properties for the GG spacecraft without the PGB assembly

2l
Definition
%%lsdection :|nssy 55 2 mass accelerameter. 1
Result
Calculation mode ; Exact
Type @ Yolume
Characteristics — Center OF Gravity (5) —
Wolume  [0.015m3 & [ 1010.479mm
ares [3.156m2 &y [0.551mm
Mass  [37.24kg Gz [-3.502mm
Density INUt unifarm

Inertia | G | Inertia [ O I Inertia [ P I Inertia | Axis I Inertia | Axis System I
— Inertia Matrix | G

Ioxa | 1.585kgemz

Iovc | 1.638kgsmz

lozG | 1.63gkgsmz

Loy |1,586e-00Skgsm2

Iz |5.236e-008kgsme

TyzG | 3.804e-005kgsm2

Principal Moments | G
’;1 | 1.588kg:m2

Mz [1.638kgxm2

|
Mz [1.638kgum2 |

—Principal Axes

Al |0.999993

Az |-0.000925

A3 |0.000435

aly |-0.000294

azy [0,147102

a3y |0.989121

a1z [-0.000979

a2z [-0.989121

a3z [0.147102

[Ikeep measure

Create geometr 1

Export |

customize.. |

THALES
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Measure Inertia

Definition

%— %lSelectiun :| instance id 23
Result
Calculation made ; Exact
Type : Volume

Characteristics ————————Center OF Gravity {5) —
volume  [0.011m3 Gx  [1010.75mm
area  [0.446m2 Gy [-1.102e-006mm
Mass  |10ka Gz |1.292-005mm
Density  |919.258kg_m3

Inerkia f G | Inerkia O | Inerkia [P | Inerkia | Axis | Inertia | Axis System
—Inertia Matrix | G
ToxG |0.123kgxm2 Toya  |0.123kgxm2 IozG  [0.123kgxm2
IoyG |2.256e-016kgxm2  IxaG  [-9.422e-016kgxm2 Iy2G |2.55%e-016kgxm2

Principal Moments [ G T
"

1 |0.123kgemz Mz |0.123kgemz M3 [0.125kgamz |
—Principal Axes

alx fo azx fo a3x |1

aty fo a2y |1 a3y |0

Atz |1 a2z fo a3z fo

[ keep measure Create geometr i Export: | Customize. . |

.. @ ok I OCancell

=

Table 4.1-4: Mass Properties for the outer proof mass

Measure Inertia N

Deefinition

% Q#-QlSelection :| instance id 20

Result
Calculation mode : Exack
Type : Yolume

Characteristic: enter OF Gravity (G) —

volume  [5.385e-004m3 Gx  [1010.75mm

area  [0.119m2 Gy |2.6718-007mm
Mass  [10kg Gz [4.3072-006mm
Density | 18571.114kg_m3

Inertia / | Inertia 0 | Irmertia j P | Inertia | Axis | Inertia | Axis System |

—Inertia Matrix [ G
IoxG  [0.056kgxm2 IoyG  [0.036kgzm2 lozG | 0.038kgxm2
Loyis [-2.297e-012kgsm2 IxzG  [2.047e-012kgemz  IyzG [9.242e-017kgsm2
"Principal Moments | G i
M

1 |0.036kgxmz Mz [0.03ekgxmz M3 |0.03ekgxmz |
—Principal Axes
alx [0 azx |0 a3x |-
aty |0 azy |1 azy |0
|1 azz |0 a3z |0

O Keep measure Creake Eeométr ] Export l Cuskormize. ., l

. . @ O I GCanceII

Table 4.1-5: Mass Properties for the inner proof mass
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5. POWER BUDGET

5.1 System Power Budget

The power demand of the satellite is computed taking into account the design maturity of each
unit (power contingency). The reference configuration used to compute the power budget
includes the utilization of the FEEP organized in two clusters with 4 thrust each and assuming
an average total thrust of 350 uN.

The following table summarizes the satellite power consumption for the reference configuration.

Power Budget (Configuration with 2 FEEP clusters)

Sunlit Eclipse

Power

. No. Of Unit Continge wit'h Nominal Nominal —LEOP
Equipments active Power ncy Continge  Power Power phase
wi [%] ncy wij wi w]
Wi
ECE 1 9 20 10.8 10.8 0 0
CPE 1 18 20 21.6 21.6 0 0
Total P/L W] 32.4 0.0 0.0
CDMU 1 18.0 10 19.8 19.8 19.8 19.8
TRSPI1 (Tx + Rx) 1 20.0 3 20.6 20.6 20.6 20.6
TRSP 2 (Tx + Rx) 1 6.5 5 6.8 6.8 6.8 6.8
PCDU 1 25.0 10 27.5 44.5 27.5 27.5
Battery (max charging) - - - - 180.0 0.0 0.0
TCS (heaters) 1 12.0 20 14.4 14.4 30.0 30.0
Fine Sun sensor 1 13 10 1.4 1.4 1.4 0.0
Gyro 0 19.8 10 21.8 0.0 0.0 21.8
Rate Sensor 1 6.0 10 6.6 6.6 6.6 0.0
Magnetometer 3 0.8 10 0.9 2.6 2.6 2.6
FEEP (2 cluster option) 1 133.0 20 159.6 159.6 159.6 0.0
Total Service Module [W] 456.4 275.0 129.1
Total Satellite [W] 488.8 | 275.0 | 129.1
PCDU loss [2%] 9.8 5.5 2.6
Harmess loss [2%] 10.0 5.6 2.6
GRAND TOTAL wlo system margin{Wj- -] 508.5| 286.1 ] 166.5
Table 5.1-1: Satellite Power Budget
THALES I
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5.2 Payload Power Budget
Power Budget (Configuration with 2 FEEP clusters) Sunlit Eclipse

Equipments

No. Of

active

Power

Unit Continge with

Power

wi

ncy

[%]

Continge

ncy

W]

Nominal
Power

wj

Nominal
Power

wi

LEOP
phase

w]

ECE 1 9 20 10.8 10.8
CPE 1 18 20 21.6 21.6
Total P/L [W] 32.4 0.0 0.0

Table 5.2-1: Payload power budget

5.3 SVM Power Budget

The following table summarizes the calculated power consumption of the SVM. For each unit
the power contingency based on design heritage has been considered to estimate the power
consumption.

GG - Power Budget 29 Maggio 2009 (Configurazione FEEP with 2 cluster - BASELINE)

Contingency

Fower with Contingency

Equipments

CDMU 1 18 10 19.8 heritaze PEINLA project

TREP1 (Tx+Ex) 1 20 3 20.6 heritage PRIMA project

TRSP 2 (Tx +Ex) 1 6.3 3 6.823 hentaze PEINA project

PCDU 1 23 10 2713 heritage PRIMA project

Battery {max charzing) - - - -

— value detived from preliminary

TCS (heaters) :

S 1 12 20 144 result of thermal analvsis

Sun sensor 1 1.3 10 143 Selex GA Smart Sun Sensor
Honeywell MIMU. The gvro are

Gvro 0 19.8 10 22 not uzed when the FEEF are
operative

Rate Sensor 1 6 10 6.6 value detived from test on BB
AT AN AT TETAAA T AT

Magneta Meter 3 0.8 10 2.64 IATTAMARM - F‘_L—-‘L: AMILE

- platform — Cosmo Skviied
FEEP {2 cluster option) 3 133 20 160 heritaze from LISA PE

Table 5.3-1: SVM power budget
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The Solar Array panels have been sized to sustain the load power demand of 509 W during the
sunlit period, which includes 180 W required to recharge the battery, assuming a BCR efficiency
of 95%.

The battery has been sized considering the power demand during the eclipse period of 288 W
(including the BDR efficiency of 95%), and maximum DoD of 30%.

The delivered power by the solar array at BoL and EoL (6 years) is reported in the table below.

Delivered power at BOL, 28°C
Voe L. Vi Tup P Pload T
Vi [A] vl [A] [W] (28V) [W] [°C]
37.7 19.6 31.7 18.7 591.5 5449 28
Delivered power at EOL SS, 50°C with 1 string loss, 23° SAA

Voc Le Vi Lp Poax Pload T
M [A] V] [A] [W] (28V) [°C]
36.8 18.3 31 17.5 543.8 510 50

Table 5.3-2: Power delivered by the solar array at BoL and after 6 years.

To estimate the power consumption of the PCDU, the models in Figure 5.3-1 and Figure 5.3-2
have been used.

The power loss due to the PCDU power distribution has been calculated as 2% of SC total
power demand. The power loss due to the harness resistance has been calculated as 2% of SC
total power demand plus PCDU power distribution loss.
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/I/ Pd=22W

Psa =545 W SA
»| Regulator To supply the
Eff=96% Loads
S A Regulator
Electronic BCR
C(I))nsilr?gti\(ﬁ s Regulator 180 W . ]]; Zé::harge the
T Sow 1| Eff=95% y
\/\
Pd=9 W

PCDU sunlight power consumption : Psun =22 + 9+ 8.2=39.2 W

Figure 5.3-1: PCDU sunlight power consumption

Battery Regulator
Electronic
Consumption
Pe=82W

302 W BDR 288 W
——  » Regulator

Eff=95%

A

Pd=9W

To supply the
SC loads

A 4

In Eclipse period: Peclipse =14 + 8.2 =222 W

Figure 5.3-2: PCDU eclipse power consumption
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6. DATA RATE BUDGET

The mass memory budget and hence the telemetry data rates have been calculated on the

basis of the following table.

Data description Variable list MNumber of Freq. [Hz] Record length Data rate [khit/s]
variables [lit]
Diff. TMs displacement Ao, oy 2 50 16 1.6
Tme/PGE displacement A Ay Az 3 50 16 24
Tmi/PGB displacement A Ay Az 3 50 16 24
PGB/Spacecraft displac Ao,y Az 3 50 16 2.4
Wz e, @y @ 3 50 16 24
Reference time t 1 50 16 0.8
Science data 12.0
PGB whirl monitoring Sensing + actuation 6 1 16 0.086
Trme whirl monitaring Sensing + actuation 6 1 16 0.096
Tmi whirl monitoring Sensing + actuation B 1 16 0.098
ADC monitoring MNumber of ADC 9 1 16 0.144
Inchwarm monitoring Murnber of inchworms 6 1 16 0.096
Piezo monitoring MNumber of piezo B 1 16 0.096
PGB Inner temperature monitoring MNumber of temperature 20 0.10 16 0.03
SENsOrs
Capacitance bridge monitoring Mumber of capacitance 9 0.10 16 0.01
bridges
Payload HK 0.7
Commands to FEEP MNurnber of commands 6 1 16 0.096
PGB/Spacecraft phase lag MNumber of lag sensors 1 0.10 16 0.0016
Commands to actuators MNumber of commands 6 50 16 48
Sun sensor 1(2incaseo 2 A0 16 1.6
redundancy)
FEEF monitoring MNumber of FEEP B 1 16 0.096
SVM (DEACS + other sub-systems) 10.0
Total Data Rate kbps 22.7
Overhead 20.0%
Total Data Rate with 7.2
marging kbps
Altitude km 600
Period E 5801
Data volume Wbit/orbit 158
Pass duration minutes 10
Telemetry rate khit/s 263
Passages/day 14
Telemetry data
volume Mbit/day 2350
Table 5.3-1: GG data rate budget
THALES I
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7. RF LINK BUDGETS

Three main cases of RF link budgets, based on the architecture proposed in the Design Report,

have been examined. Followings fixed parameters have been used as inputs:

Malindi ground station EIRP in uplink and G/T in downlink
S-Band transponder output power = 23 dBm (200 mW)

RFDN losses

SP-L TM modulation

Reed-Solomon coding for TM

Galileo Galilei altitude = 520 km

Elevation over Malindi = 10 degrees

TC bit rate = 4 kbps

TC modulation index = 1.0 rad pk

Ranging uplink modulation index = 0.6 rad pk (where applicable)
TM modulation index = 1.1 rad pk

Ranging downlink modulation index = 0.5 rad pk (where applicable)

The parameters changed in the three cases listed here below are:

LGA gain:
o the minimum for data rate dimensioning

o the maximum to verify that power flux density at the Earth limit is not exceeded

Ranging mode
TM maximum information rate

o 450 kbps (that becomes 512 kbps after Reed-Solomon coding) for TM only
o 225 kbps (that becomes 256 kbps after Reed-Solomon coding) for TM + RNG

In details:

Case 1: TM only with LGA minimum gain
Case 2: TM + ranging with LGA minimum gain
Case 3: TM only with LGA maximum gain

THALES
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DATE : June 09
Space ISSUE 01
Case 1
BF LINK BOEDGET
LINK ID : = — Iidern — BRSO S-L00kn 450FhAns TN onldrr ospsbiirerr
DATE SR i 5-C TRASPONDER FRTNS — 0 55
SACRAFT  © Foiars-I S~C AHTENHA FINSd Asiis S-Fand anconns
ORBIT . Egustoriald ALTITUDE (1000kn) & 57
GASTATION: Madrmds ELEVATION  ({deg): 178
TELECOMMAND BIT RATE (b=} . 4000 RANGING Ho
EFF. TELEMETRY BIT RATE (b-=z) 450000
BASIC UPLINE (1-2)
HOH ADV FiV HELH ViR FDF
-5 TE POWER dBW £8 7T £8P E8 PR 68 70 0.00 TRI
CIRCUIT LOSS dB a. a6 a.ag & a0 0.00 0.00 UNI
TE ANT GAIN dBi a. a6 & aa & a0 0.00 0.00 UNI
G5 AWT TY AXIAL RATIO  dE &G 7oaa & a0
POINTING LOSS dB a. a6 ag.aa & aa 0.00 0.00 UNI
EIRF G-S dEW 68.7 68.7 68.7 6.7 a. an
FREQUENCY GHz 2.101 2.101 2.101 2.101
SLANT RANGE 1000%kn 1.74 1.74 1.74 1.74
PATH LOSS dB 163.72 163.72 163.72 [ 1g3.72
ATHOSPHERIC LOSS dB & 56 &8 & 483 0.50 0.00 GAT
IONOSPHERIC LOSS dB &G 7oaa & a0 0.00 0.00 GAT
COPOLAR ANT-GAINS T=1-H=0 roae
POLARISATION MISHATCH dB 0.00 0.00 0,00 0.00 0.00 UNI
TOTAL PROPAG. L0OSS dB 164 22 16432 164 .12 164 .22 & G
POWER-FLUX at S5-C dBEmsm~2| —37.12 -37.12 -37.12 37 .12
S-C RE ANT GAIN dBi —F g -5 G -5 G -3.00 0.00 TRI
S~-C POINTING LOSS dB & G 7aa &0 0.00 0.00 TRI
S~C AWT RE AXIAL RAT dB 1oae 1.aa 1.0
ANTENNA WOISE TEWP K FE. a3 FE G FE 68
ANTENNA-FEED VSUR i1 iy 1A 1. A8
VSWR LOSS dB 0.04 0.04 0.04 0.04 0.00 TRI
WG PHYSICAL TEHP K FEF G SFF. G FAE G
UG LOSS dB &z 7.7g b & 0.72 0.00 UNI
CIRCUITS TEMPERATURE K R 430,00 I a8
RFDH LOSSES dB & FE 784 8 58 0.76 0.00 NI
TOTAL CIRCUITS-LOSS dB 1.5 1.6 1.3
DIPL. CIRCUIT LOSS (=) dB a. a6 & aa & a0 0.00 0.00 UNI
RECEIVER HOISE FIGURE dB 706 FEF FET
REF SYSTEM TEMP (%%} K 578 63 £49.23 515.70
RE SYSTEM TEMP (%%} K 423 .98 521.24 343.48
R¥ SYSTEH TEME (%%} dBE 26.32 27 .17 25 38 2626 0.09 GAT
HOISE FLOCR (%) dBmw-Hz | -172.28 -171.43 -173.24
5-C RE GoT dBE-/K —30.85 —31.84 —29.73
RE POWER (%%} dBm -70.04 -70.29 -69.80 -70.04 a. an
THEOR CAR THRSH (%%} dBm -131.95
CAR ACQ THRSH (==) dBm —1EE O —1EE T —1FE 0
THECR TC THRSH (%%} dBm -119 .24
TC RX THRSH () dBm —-1ig aa 118 aa 11088
REQ RY POWER (%) dBm —110.00 —-110.00 —-110.00 —-110.00
RX POVER MARGIN dB 39.96 39.71 [ 40,20 [ 39.96 | o0.00
HEAN-3=5IGHA dB 39.75
HARGIN — v c. RS5 dB 39 .81
RX S-Ho dBHz | 102.23 [ 101.14 [ 103.44 [ 10z.29 | &iF

*) Diplexer Losses included in RFDN Los=es

*#%x) Reference at XPND-RFDH Interface (i.e.

at XPHD input)
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BF LINE BIDGET

LIHKE ID Gy — Diddmrn - FREIMSST E-5.000em S50 Aps T anly capsbhs {1 emr
DATE FEGESFONE S-C TRASPONDER FEING — 055
SACRAFT Findars - S-C ANTEHNA FINSE hsdiz S-Famd anfsnns
ORBIT Figua tariad ALTITUDE {1000km} a. &7
GASTATION: AMalimds ELEVATION  (deg): 1388
TELECOMMAND BIT RATE (bss) 4000 RANGING ¥o
EFF . TELEMETRY BIT RATE (b/=) 450000
UPLINKE (2/2)
[ wou | aDv | Fav |  HEAN | var | FLF
RE S-Ho dEHz | 102.23 [ 101.14 | 103.44 [ 102.29 | & 1F |
HODULATION INDICES HAX MIN
TELECCHHAND rad pk F 1.08 0.95 {sine)
RANGING (RNG) rad pk & a8 0.00 0.00
ENG, =zine(l) or =sqre(2) 2z
CARRIER RECOVERY
CARRIER SUPPRESSION dE 2.3z 258 2.08 2.33 0.01 TRI
EFL {1l). non-coh AGC (2)
or coherent AGC (3) 7 F
AGC INPUT BANDWIDTH kHz 700 3.30 2.70
PLL-BLW 2x%Blo () Hz ST 50 960.00 £40.00
THESHD C-H in Z%Elo dB F G {common Definition)
PLL DAMPING (%) 7. 7F 0.80 0. 66
Effect PLL DAMPING 0.73 0.80 0. 66
Effect PLL-BOW 2=Bl Hz 800 .00 960.00 640.00
Hax &C0O SWEEP RATE kHz/= 3z.00 3023 3200 1.1z
Effect PLL-BOW 2=Bl dEHz 29.03 29 82 28 .06 2894 n.13 TRI
BP-LINT SYSTEM LOSS dBE 0.00 0.00 0.00 0.00 0.00 TRI
IMPLEMENTATION LOSS dE 1.8a i.aa roag 1.00 0.00 TRI
REQ C-H in PLL-EDW dB 18,80 1880 18,04 10.00
CARRIER MARGIN dB 59.88 c7.73 | ez.a0 | e0.0z | ©o.24 |
HEAH—3=5IGHA dB 58 5h
HARGIN — v.c. RS5 dB 58 68
TELECOHHAND RECOVERY
HODULATION LOSS dE 412 445 3.81 4.13 n.n2 TRI
IMPLHENT LOSS (%) dB Faa Faa Fae 2.00 0.00 TRI
BIT RATE brs 4000 4000 4000
BIT RATE dBHz 36.02 36.02 36.02 36.02
REQ Eb-Ho (%%} dBE 7. 58 9.60 9.60 9.60
TELECOMMAND MARGIH dBE 50.49 43.06 [ 52,01 [ 50.54 [ mo.11
HEAH-3=SIGHA dBE 49 .53
HARGIN — v.c. RS5 dB 49 57
TRANSPD RANG. —CHAWNNWEL
TC in RHG-Vdhd T=1-H=0 F;
TOWE HODULATION LOSS dE ¥o RG Ho RG Ho RG
RHG HOISE EWDWIDTH kH= FOER. 50 330000 2700.00
RHG NOISE ENDWIDTH dBHz 64.77 £5.19 6431
IMPLEMENTATION LOSS dE i.5q iET I
S{Tone)- N in Videobd db Ho RG Ho EG Ho RG
S5(TCi~H in RG-Videobd dB 31.84 34.22 30.00

#) Reference at Carrier Acquisition Threshold.

*%) Demod Loss includes:

#%x%) Theoretical TC Decoder Reguired Eb-Ho.

END of UpLink

GG — LGAmin

FPSE demod + TC BPSE Decoder Loss.

— PRIMAD . 5-520km_450kbp=s TH only_cape
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EF LINE BODGET

LINE ID : v — fGdasn — FRETNES S-S0idkm 450kAps TN anip capabiiscmr

DATE Rty it i S-C TRASPONDER FETNME - & &5F
SACRAFT 0 Fodary =T S-C AWTENNA FINSd heiis S-Hand antanns !
ORBIT L Eguatariald ALTITUDE {1000km) 7 EF
GoSTATION: Aalindr ELEVATICOH (deg): Jaan
TELECOMHAND BIT RATE (b-=) 4000 RAHGING : Ho
EFF. TELEMETRY PBEIT RATE (b-=) 450000 with CODING : Reed Sol:
BASIC DOVHLINK (1-2)
HOH ADV FAV HEALN VAR PLF
S~C TE POWER dEW -5 55 -5 59 -5 57 -6.99 0.00 TRI
DIFL. CIRCUIT LOSS (=) dB o788 &7 78T
RFDN LOSSES dB qTE 7 g 7 EE
W5 LOSS dB aqorE &oFe 785
ANT. VSWE, owerall 1 Py 2. 57 Py
VSWR LOSSES dE o.04 0.04 0.04
TOTAL CIRCUITS LOSS dE 1.52 1.67 1.37 1.52 0.00 TRI
S~C TX ANT GAIN dEi —F a8 —F 7 -3, & -3.00 0.00 TRI
S~C ANT TE AXIAL RATIO dBE v .88 J.&F
POINTING LOSS dE 7R i 7T o.0o 0.00 THI
EIRP S5-C dEW -11.51 -11 .66 -11_36 -11.51 i
FREQUENCY GH= R ohe 2. 282 2.282 2.282
SLANT RANGE 1000%kn 1.744 1.744 1.744 1.74
FPATH LOSS dB 164 44 164 44 164 44 Fo1e4.44
ATHOSPHERIC LOSS dB 75T 7ET 740 0.50 0.00 GAT
IONOSFHERIC LOSS dB o708 a7.08 &7 a8 0.00 0.00 GAT
COPOLAR ANT-GAINS ¥=1-H=0 Z
POLARISATION MISHATCH dE 0.0s 0.05 0.05 0.0s 0.00 THI
TOTAL PROPAGATION LOSS dE 164 .99 165.09 164 .89 164 .99 i ae
FLUX at G-5 dBm-m”2[ -117.33 —-117 . 48 -117.19 -117.33 &7
POVER FLUX DEHS dBEW-m™2| -154.20 —-152 .40 -156.53 (in 4 kHz)
MAXIHM FLUX DEHS dEW-m™2| -151.50 —-151 .50 —-151 .50 {S— or H-Bnd)
FLUX MARGIN dB | 2. 70 n.90 | 5.03 |
G-S R¥ ANT GAIN dBi 45 01 5 0 45 807 45 .01 0.00 TRI
G5 POINTING LOSS dB 75 Loy 75T 020 0.00 TUHI
G5 ANT RX AXIAL RATIO dE g 2.a6 P
RECEIVED POUER dEm -101.89 —101.54 -101.44
SYSTEM HOISE TEMWF dEK SF AL EAr F¥ A 23.71 0.00 GAT
RE G-T dB-K 21.30 21.30 21.30 21.30 0.0o0
RL S-Ho dBHz | 73.Z20 72.95 | 7345 | 7az0 | #aE |
S5-H in RANGIHNG BW
S{Tone)»N in Videobd dB Ho RG Ho RG Ho R
S{TC)»N in RG-Videobd dB 31 .84 3422 30.00
HODUOLATION IHDICES MAX MIN
TELEMETEY (TH) rad pk Fae 1.21 .99
TH., =ine(l} or =sgre() r
RANGIHG rad pk &G 0.00 0.oo
RANG. TONE effec rad pk o.0o 0.00 0.oo
TC in RG-Videobd rad pk o.0o 0.00 0.oo
HOISE IHDEX n.0on 0.00 0.00
*) Diplexer Lo=se=s included in RFDN Lo=z=es=
MO32-EN
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BF IINK BHDGET
LINK ID . &7 — Diddwrn  — FEINAS S-550ky £50ELos TN anlipr capsbrinémr
DATE A i i 5-C TRASPONDER FRING — 7 5F
SACRAFT @ Fodfars-F S-C ANTENNA FINGE helis S-Fand antanns !
ORBIT . Byusatorial ALTITUDE {1000kn) & 57
GASTATION:  Aaiimds ELEVATION  (deg): 13 47
TELECOMMAND BIT RATE (b-=) 4000 RANGING Ho
EFF  TELEMETRY BIT RATE (h-s) 450000 with CODING Reed Solc
DOWNLINK (2-2)
[ HOM [ ADY [ FAV MEAN | Wvar | PEIF |
REX S-Ho dEHz [ 73.20 | 72.95 [ 73.45% 73.20 | a4arm
CARRIER RECOYERY
CARRIER SUPPRESSICH dB 6.87 9. 04 5.21 7.13 0.61 TRI
PLL BANDWIDTH 2=Bl Hz 10.00 12.00 2.00
FLL BANDWIDTH dBHz 10.00 10.79 9.03 9.91 0.13 TRI
55 required C-N in 2BI  dE 1788 17.00 17.00 17.00
CARRIER HARGIN dB 39.33 36.11 [ 4z.zZ0 39.16 | 0.75 |
HEAN-3=SIGHA dE 36.57
MARGIN — w.c. RS5 dB 37.01
TELEHETRY RECOVERY
TLH HODULATION LOSS dB 1.00 0,58 1.56 1.07 0.04 TRI
DEHODULATOR TECH LOSS dB &, 50 .88 a. & 0,90 0.00 TRI
BIT RLTE brs 450000 450000 450000
BIT RLTE dbHz 55.53 55.53 5&.53 55.53
CODING GAIN dB £ 8 5. a0 .80
CODING RATE 1R 1.14
REQ Eb-Ho (PFL=1.E-G) dB & 78 6.70 6.70 6.70
TELEHETRY HARGIN dB 8.07 B.14 | 7.86 g.on [ o.os |
HEAN-3=SIGHA dB 7.35
HARGIN — w. c. RSS dB 7.60
TONE RECOYERY
TONE MODULATION LOSS dE No RG No RG Ho RG No RG Ho RG TRI
IMPLEMENTATION LOSS dB a0 288 ey 2.00 0.00 TRI
REQ S(Tonel-N dB 19 00 19.00 19.00 19.00
RANGING HARGIN (=) dB Ho RG Ho RG |  Ho RG Ho RG [ #VALUE! |
HEAN—3=SIGHA dB Ho RG
HARGIN — w. c. RSS  dB Ho RG
COME. CARR. JITTER (%)
RE TRSFD-PLL JITT deg 0.0 0.0z 0.0l 0.0
TRANSHT CARR. JITT deg Fa 788 1.8 2.00
JITT EDW 2x%B [*%x) Hz £ o I8 3.4 6. 50
Ri COMED CARR JITT deg 0. gz 1.58 0.3z 1.42

#) The required MINIMNUM Loop-Bandwith supported by MPTS i= 1.25 mHz;

the valued assumed here is 10 mnHz.

#%) Coherent transponder mode assumed for RX COMBD CARR JITTer at G-5.
#%%) B i= the bandwidth of the jitter from the TX chain or a HFA.

END of DownLink

G5 — LGAmin — FRIMAOD 5-520km_450kbps TH_only_capalt

Case 2
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BF LTNE BEDGET

LINE ID 7 — Lidnin  — FRIN&T. S-8550km Fr5kips T 7N

DATE AP RGOS 5/C TRASPONDER FRING — & 5§

SACRAFT Finlars =L S/C ANTENNHA FIACd helis S-Fand anfanns .

ORBIT Eguatariad ALTITUDE {1000km) & &

G-STATION: Msiimds ELEVATION  (deg): 1060

TELECOHMAND BIT RATE (brs) : 4000 RANGING Ves

EFF. TELEMETRY BIT RATE (b-=) 225000

BASIC UPLINK (1-2)
HOM ADV FaV HEAN ViR FDF
G-S TX POWER dEW 8T £8P £8P 8870 0.00 TRI
CIRCUIT LOSS dB & aa & aa & aa 0.00 0.00 UNI
TE ANT GAIN dBi a. aa a. aa a. aa 0.00 0.00 UNI
G-S ANT TX AXIAL RATIO  dB & 3 & 3 & 3
POINTING LOSS dB & & & 0.00 0.00 UNI
EIRF G5 dEW 68.7 68.7 687 6B .7 & aa
FREQUENCY GHz 2101 2101 2101 z.101
SLANT RANGE 1000%kn 1.74 1.74 1.74 1.74
PATH LOSS dB 163.72 163.72 163.72 [ 163.72
ATHOSPHERIC LOSS dB a. 54 a. 84 a. 44 0.50 0.00 GAl
IOHOSPHERIC LOSS dB & & & 0.00 0.00 GAT
COPOLAR ANT-GAINS Y=1-H=0 1aa
POLARISATION MISHATCH dB 0.00 0.00 0.00 0.00 0.00 UNI
TOTAL PROPAG. LOSS dB 164 .22 164 .32 164 .12 164 .22 &
POWER-FLUL at S-C dEmm™2| —37.12 -37.12 —37.12 —37.12
S-C R ANT GAIN dBi -5 a0 -7 80 -5 a0 -3.00 0.00 TRI
5-C POINTING LOSS dE & & & 0.00 0.00 TRI
S-C ANT RE AXTAL RAT dB 1aa 1aa 1aa
ANTENNA HOISE TEMP K 7560 7540 JE. 00
ANTENNA-FEED VSWR 24 Ry Ry Ry
VSWR LOSS dB 0.04 0.04 0.04 0.04 0.00 TRI
WG PHYSICAL TEMP ¥ Fe0. 58 43806 F48.06
W LOSS dB a. o 8,78 & EE n.72 0.00 UNI
CIRCUITS TEWPERATURE K FER G 43806 F48 06
RFDN LOSSES dB a. 7E a. &4 & B8 0.76 0.00 UNI
TOTAL CIRCUITS-LOSS dB 1.5 1.6 1.3
DIPL. CIRCUIT LOSS (=) dB & aa & aa & aa 0.00 0.00 UNI
RECEIVER WOISE FIGURE dE 308 358 FET
REF SYSTEM TEMP (%%} K 578.63 649.23 515.70
RE SYSTEH TEMP (%=} K 428 .98 £21.24 343 48
RE SYSTEH TEMP (%% dBE 2632 27 .17 2536 2626 0.09 GAT
HOISE FLOOR (%) dBn-Hz | -172.28 -171.43 -173.24
5-C RE GoT dB~K —-30.85 —31.84 —29.73
RE POWER (%) dEn —70.04 —70.29 —£9.80 —70.04 &
THECR CAR THRSH (=) dEn -131.95
CiR ACQ THRSH (%%) dEn —178 08 —178 08 —178. 08
THECR TC THRSH (==} dEn -118 . 44
TC RX THRSH (==) dEn —118 a8 —118 a8 —118 a8
REQ RX POWER (%%) dEn -110.00 -110.00 -110.00 -110.00
RE POVER HARGIN dB 39.96 39.71 [ 4020 [ 3996 [ o.o0 |
HEAN-3=SIGHA dB 39 .75
HARGIN — w.c. RSS5 dB 39.81

RY S-Ho dEHz | 102.23 | 101.14 [ 103.44 [ 10z.29 | & z10 |

#) Diplexer Losses included in RFDN Losses
**) Reference at XPHD-RFDH Interface {(i.e. at XFHD input)

THALES

All rights reserved, 2007, Thales Alenia Space

CONTROLLED DISTRIBUTION

M032-EN

100181547K-EN



)
ThaIesAIema

Space

CONTROLLED DISTRIBUTION

REFERENCE : SD-RP-AI-0628

DATE :
ISSUE :

June 09
01

PAGE : 26/34

BF LTNE BOPGET

LINE ID T — Idmrn  — FRINGO. 5-5F0km FPGkRns TH +ENS
DATE P S-C TRASPONDER FRTMG — 755
S~CRAFT Fiodary-r S-C ANTENHA FINCE hedis S-Fand anfonns .
ORBIT Fguatowial ALTITUDE (1000km} & 5F
G/STATION: Malimds ELEVATION  {deg): 18,86
TELECOMMAND BIT RATE (b-s) 4000 RAHGING Tes
EFF.TELEMETRY BIT RATE (b-s) 225000
OPLINE ({2-2)
[ woM ADV [ Fav [ MEaN [ war [ FPIF
RE S-No dEHz | 102.23 101.14 | 103 .44 | 102.29 | #id |
HODULATION INDICES HAX MIN
TELECOMMAND rad pk e 1.05 0.95 {=ine)
RANGING (RNG) rad pk g 58 0.63 0.57
ENG, sins(l) or sgre(l) g
CARRIER RECOYERY
CARRIER SUPPRESSION dE 3.12 3.47 2.80 3.14 o0z TRI
EFL (1), non—coh AGC (2)
or coherent AGC (3) 7 5
AGC INPUT BANDWIDTH kHz F a5 3.30 2.70
PLL-EDW 2xBlo (%) Hz BOE 08 960.00 64000
THESHD C-H in 2+*Blo dBE FrO {common Definition)
PLL DAHPING (=) g 7F 0.80 0. 66
Effect PLL DAMPING 0.73 0.a0 0. 66
Effect PLL-EDW 2xE1 Hz ] 96000 £40.00
Hax ACQ SWEEP RATE kHz- = 32.00 30.23 3z.00 3111
Effect PLL-EDW 2xE1 dEHz 29.03 29.82 206 28.94 o.13 TRI
EP-LIMT SYSTEM LOSS dE o.0n o.0n o.0n o.aon o.o0 TRI
IMPLEMENTATION LOSS dE a6 a6 .06 1.00 o.00 TRI
REQ C-N in PLIL-EDW dE 1008 1808 1868 10.00
CARRIER HARGIN dB 59.08 tg.85 | 61.58 | 59.21 [ 0.24 |
HEAN-3=SIGHA dB 57.73
HARGIN — w.c. RS5 dB 57.86
TELECOMHAND RECOVERY
HODULATION LOSS dE 4.92 T 4. 53 4,94 o.o3 TRI
IMPLHMENT LOSS (=) dE I a8 I a6 I8 2.00 o.00 TRI
EIT RATE b= 4000 4000 4000
EIT RATE dEHz 36.02 36.02 36.02 3602
REQ Eb-Ho (ssx) dE £ EF 3.60 360 360
TELECOKHAND HARGIN dB 49 .69 43.18 [ &s1.29 [ 49.73 | n.12 |
HEAN-3=SIGHA dB 48 .68
HARGIN — w.c. RS5 dB 48 .74
TRANSPD RANG. —CHANNEL
TC in RHG—Vdbd T=1-N=0 F;
TONE MODULATION LOSS dE 10.17 10.83 3. 54
RENG NOISE ENDWIDTH kHz FEAT, G0 3300.00 2700.00
RENG NOISE ENDWIDTH dEHz 64.77 65.19 64.31
IMPLEMENTATION LOSS dE Y Y 1.1F
S({Tone)~H in Videobd dB 25.79 23.62 28.49
S(TC)-H in RG—Videohd dB 31.04 33.50 29.11
#) Reference at Carrier Acquisition Threshold.
#%) Demod Loss includes: PSE demod + TC BPSE Decoder Loss.
#%x%) Theoretical TC Decoder Required Eb-Ho.
END of Uplink GG — IGAmin — PRIMAQ.5-520km_22Skbps_TH_+RNG
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EF LINE BODGET

LINK ID : & — Zfdesdn  — FREIMES S-550kw S08kAps TN RN

DATE Rty it i S-C TRASPONDER FEINE — 0 5F
SACRAFT 0 Fodary =T S-C AWTENNA FINSd heiis S-Hand antanns !
ORBIT L Eguatariald ALTITUDE {1000km) 7 EF
GoSTATION: Aalindr ELEVATICOH (deg): Faan
TELECOMHAND BIT RATE (b-=) 4000 RAHGING : Yes
EFF. TELEMETRY PBEIT RATE (b-=) 225000 with CODING : Reed Sol:
BASIC DOVHLINK (1-2)
HOH ADV FAV HEALN VAR PLF
S~C TE POWER dBW -5 55 -5 59 —-&. 92 -6.99 0.00 TRI
DIFL. CIRCUIT LOSS (=) dB o788 &7 78T
RFDN LOSSES dB qTE 7 g 7 EE
W5 LOSS dB Lo &oFe 785
ANT. VSWE, owerall 1 Ry 2. 57 Py
VSWR LOSSES dE o.04 0.04 0.04
TOTAL CIRCUITS LOSS dE 1.52 1.67 1.37 1.52 0.00 TRI
S~C TX ANT GAIN dEi —F —F 7 -7 77 -3.00 0.00 TRI
S~C ANT TE AXIAL RATIO dBE v JEE J.&F
POINTING LOSS dE 7R i 7T o.0o 0.00 THI
EIRP S5-C dEW -11.51 -11 .66 -11_36 -11.51 &g
FREQUENCY GH= SRR 2.282 2.282 2.282
SLANT RANGE 1000%kn 1.744 1.744 1.744 1.74
FPATH LOSS dB 164 44 164 44 164 44 Fo1e4.44
ATHOSPHERIC LOSS dB 75T 7ET 740 0.50 0.00 GAT
IONOSFHERIC LOSS dB o708 a7.08 &7 a8 0.00 0.00 GAT
COPOLAR ANT-GAINS ¥=1-H=0 Z
POLARISATION MISHATCH dE 0.0s 0.05 0.05 0.0s 0.00 THI
TOTAL PROPAGATION LOSS dE 164 .99 165.09 164 .89 164 .99 i ae
FLUX at G-5 dBm-m”2[ -117.33 —-117 . 48 -117.19 -117.33 &7
POVER FLUX DEHS dBW-m"™2| -154.75 —-152 &8 -157 44 (in 4 kH=z)
MAXIHM FLUX DEHS dEW-m™2| -151.50 —-151 .50 —-151 .50 {5— or X-Bnd)
FLUX MARGIN dB | 3. 25 1.18 | 5.94 |
G-S R¥ ANT GAIN dBi 45 01 5 0 45 807 45 .01 0.00 TRI
G5 POINTING LOSS dB 75 Loy 75T 020 0.00 UHI
G5 ANT RX AXIAL RATIO dE g J.aa P
RECEIVED POUER dEm -101.89 —101.54 -101.44
SYSTEM HOISE TEMWF dEK SF AL EAr F¥ A 23.71 0.00 GAT
RE G-T dB-K 21.30 21.30 21.30 21.30 0.0o0
RL S-Ho dBHz | 73.Z20 72.95 | 7345 | 7az0 | #aE |
S5-H in RANGIHNG BW
5({Tone)-N in Videaobd dB 25.79 23.62 28 .49
S{TC)»N in RG-Videobd dB 31.04 33.50 29.11
HODUOLATION IHDICES MAX MIN
TELEMETEY (TH) rad pk Fae 1.21 .99
TH., =ine(l} or =sgre() r
RANGIHG rad pk 750 0.55 0.45
RANG. TONE effec rad pk 0. 24 0.3z 0.14
TC in RG-Videobd rad pk 0. 44 0.52 0.33
HOISE IHDEX 001 0.0z 0.01
*) Diplexer Lo=se=s included in RFDN Lo=z=es=
MO32-EN
THALES
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BE IINKE BODGET
LINE ID &7 — Itdmin  — FETNMED 5-550km SPERADs TN AENS
DATE A Tty e S-C TRASFONDER FRING — 0 &F
SoCRAFT 0 Fodarg T S-C ANTEHHA FiAsd Hsiis S-Famd anfoans !
ORBIT L Byuatoriad ALTITUDE (1000km) a EF
GASTATION . Malinds ELEVATION  (deg): 4.8
TELECOMMAND EIT RATE (b-=) 4000 RANGING Yoz
EFF. TELEMETRY EIT RATE (b-=) 225000 with CODING Reed Solc
DOVWHLINE (2-2)
[ HOM | ADV | FAV HEAH [ VAR FLF |
RY S5-Ho dBHz | 73.20 | 7295 | 73.4% 7320 | 4oaA
CARRIER RECOVERY
CARRIER SUPPRESSION dE 7.42 9 9F 5. 49 7.72 n.83 TRI
PLL BANDWIDTH 2=BEl Hz 10.00 12.00 2.00
PLL BANDWIDTH dBH= 10.00 10.79 9.03 9.91 0.13 TRI
G-S required C-N in 2BI  dB 1760 17.00 17.00 17.00
CARRIER HARGINH dB 38.78 3z.20 | 41.92 38.56 | 0.97
HEAN—3=SIGHA dB 35.61
HARGIN — w.c. RS5 dB 36.11
TELEHETRY RECOVERY
TLH HMODULATION LOSS dE 1.55 1.49 1.83 1.66 0.00 TRI
DEMODULATOR TECH LOSS dE g 5q F.o8 g 88 0.30 0.00 TRI
EIT RATE br= 225000 225000 225000
EIT RATE dbHz= g3.c2 [ &3.52 [ g53.52 £3.52
CODING GAIN dE £ 88 c. 80 .80
CODING RATE 1R 1.14
REQ Eb<No (PFL=1.E-G) dE £ 70 6,70 6.70 .70
TELENETRY MARGIN dB 10_53 10.24 [ 10.59 10,41 | 0.0l
MEAN—3=SIGHA dB 10_09
MARGIN — w.c. RS5 dB 10_31
TONE RECOVERY
TONE MODULATION LOSS dE 22.77 29.92 17 .14 23.53 .80 TRI
IMPLEMENTATION LOSS de S0 508 SO 2.00 0.00 TRI
REQ S({Tone=)-H dE 15 07 19.00 19.00 19.00
RANGING MARGIN (=) dB 49 .43 42,03 | &55.30 48.67 | 6.81
HEAN—3=SIGHA dB 40.84
HARGIN — w.c. RS5 dB 42 .27
COME. CARR. JITTER (%x)
RY TRSFD-PLL JITT deg 0.01 0.0z 0.01 0.01
TRANSMT CARR. JITT deg Foag 708 208 z.00
JITT BDW 2%E (%%%) Hz 5 88 1880 Fo0 £.50
RY COMED CARR JITT deg 0.8z 1.58 0.32 1.42
#) The required HINIMUM Loop-Bandwith supported by MPTS i= 1 .25 nHz:

the valued assumed here is 10 wnHz.
*%) Coherent transponder mode assumed for RX COMED CARER JITTer at Gr5.

*%%) %¥B i= the bandwidth of the jitter from the TX chain or a HFA.

END of Downlink

GG — LGAmin

— PRIMAD . 5-520km_225kbps TH_+RENG
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BF LINE BODGET

LINE ID T — Idmar — FRINGG. 5-550kn 45Rkbps TN ool
DATE FRAATE TS 5-C TRASPONDER TEET — 4. 5F
SACRAFT Fiodars =X S~C AHTENHA FUNSE Asliz S=Fand antonns .
ORBIT Eguatoriad ALTITUDE (1000km) g, 52
G/STATION: Ma/rimds ELEVATION  (deg): 10887
TELECOMMAND EIT RATE (b-=) 4000 RANGING Ho
EFF. TELEMETRY BIT RATE (h-=) 450000
BASIC UPLINE (1-2)
HOM ADV FaV MEAN VAR FDF
G5 TE POWER dBW £8. 70 EE.Fr £8. 78 68,70 0.00 TRI
CIRCUIT LOSS dR a. 880 &ae & 66 0.an 0.an THI
TH ANT GAIN dBi &, 4787 &4 &0 0.00 0.00 NI
G5 ANT TE AXIAL RATIO  dB a8 7 &
POINTING LOSS dE a. a8 & a8 & o 0.00 0.00 UNI
EIRF G-5 dEW 8.7 68.7 687 B8 .7 a8
FREQUENCY GHz 2. 101 2 101 2.1m 2.101
SLANT RANGE 1000%kn 1.74 1.74 1.74 1.74
PATH LOSS 4B 163.72 163 .72 163.72 [ 163 .72
ATHMOSPHERIC LOSS dB &, &8 7ER £ 4 0.&0 0.00 GAT
ICHOSPHERIC LOSS dB a. a0 7. a5 &, 5 0.00 0.00 AT
COPOLAR ANT-GAINS T=1-N=0 1. 88
POLARISATION MISMATCH 4B 0.00 0.00 o.o0 0.00 0.00 NI
TOTAL PROPAG. LOSS dE 164 22 164 32 164 .12 164 .22 a. a4
POWER-FLUX at S-C dBmsm~2| —-37.12 -37.12 -37.12 -37.12
S/C RE ANT GAIN dBi 7 .8 -1 a8 -1.00 0.00 TRI
S~C POINTING LOSS dB &, 4787 &4 &0 0.00 0.00 TRI
S~C ANT RE AXIAL RAT dB 1. 88 .80 .07
ANTENHA WOISE TEHP 4 FE 60 3580 FE 58
ANTENNA~FEED VSUR 1 Pty EE Jeoke
VSWR LOSS dB 0.04 0.04 0.04 0.04 0.00 TRI
W PHYSICAL TEHP E FEF. 50 430, 00 I 0T
UG LOSS dE a7 & re & EE 0.72 0.an THI
CIRCUITS TEMPERATURE K F84. 60 SFF. G FAE G
RFDN LOSSES dB a7 7 &4 £ ES 0.7 0.00 NI
TOTAL CIRCUITS-LOSS dE 1.5 1.6 1.3
DIFL. CIRCUIT LOSS (%) dB &, 4787 &4 &0 0.00 0.00 NI
RECEIVER HOISE FIGURE dB 3. 88 F. 50 e
REF SYSTEH TEHP (%) K £78.63 649,23 515.70
RY SYSTEM TEHP (%) K 428 98 52124 343 .48
RE SYSTEH TEHP (%) dBE 2632 27 .17 25 36 26 26 0.09 GAT
HOISE FLOOR (%) dBw-Hz | -172.28 -171.43 -173 .24
S5/C RE GoT dBE/K -28.85 —-29.984 -27.73
Ri POWER (%) dBn —68 04 —68 .29 —&7.80 -G8 04 a8
THEOR CAR THRSH (%) dBn -131 .95
CAR ACQ THRSH (%) dBn —IPE 88 | -1FE 08 | -IFE 85
THEOR TC THRSH (%) dBEn -119.24
TC RE THRSH (%) dBn —rp e | —rrenn | 118 88
REQ RE POWER (%) dBn -110.00 -110.00 —-110.00 —-110.00
RXI POVER HARGIN dB 41.96 41.71 [ 42,20 | 41.96 [ o.o0 |
HEAN—3=S5IGHA dB 41 _75
HARGIN — v c. RS5 dB 41 _81
Ri S-Ho dBHz | 104.23 [ 103.14 | 105.44 [ 104.29 [ @47 |
#) Diplexer Losses included in RFDN Losses
*#%) Reference at XPND-REEFDH Interface {(1.=. at XEPHD input)
THALES
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BF LINE BFODGET

LINK ID & = Ifdaszr — FEINE 5-570km 50chps TN ool
DATE SRR TS S-C TEASPONDER TERT — o &F
SoCRAFT Fiolars =X S-C ANTENNA KNG hsiis S=Fand anfanns .
ORBIT Fguatarial ALTITUDE (1000km) & &5
G/STATION: Aaiinds ELEVATION (deg): Frowo
TELECCHMAND BIT RATE (b-=) 4000 RANGING Ho
EFF.TELEHETEY BIT RATE (b-s) 450000
UPLIRK (2-2)
[ woM | amv |  Fav [  HEANW | war | FLDF
R¥ 5-Ho dEHz | 104.23 [ 103.14 [ 105.44 | 104.29 [ #1257 |
HODULATION INDICES MAK HIN
TELECOHMAND rad pk Z.ag 1.05 0.95 {=ine)
RANGING (EHNG) rad pk 7.0 0.00 0.0oo
RNG, =ine(l) or sqgre(2) )
CARRIER RECOVERY
CARRIER SUFFRESSICH dB 2.32 2.58 2.08 2.33 n.o1 TRI
EFL (1). non-coch AGC (2)
or coherent AGC (3) 7 3
AGC INFUT BANDWIDTH kHz F 08 3.30 2.70
PLL-BDW 2%Blao (*) Hz BT T 960.00 £40.00
THESHD C-H in 2*Blo dE g {common Definition)
PLL DAHPING (=) 7 7F 0.80 0.66
Effect PLL DAMPING 0.73 0.80 0.66
Effect PLL-BDW 2=Bl Hz 800.00 960.00 £40.00
Max ACQ SWEEFP RATE kHz = 3z2.00 30.23 32.00 3112
Effect PLL-BDW 2=Bl dBHz 29.03 29.82 28 .08 28.94 0.13 TRI
BP-LINT SYSTEM LOSS dB 0.00 0.00 0.00 0.00 0.00 TRI
IMPLEMENTATION LOSS dB 1.ag s Z.ag 1.00 0.oo TRI
RE) C-N in PLL-EBDU dB 1808 1888 1808 10.00
CARRIER MARGIN dB 61 88 59.73 | 6430 [ &2.02 0.24
HEAN—3=SIGHA dB 60 _56
HARGIN — w.c. RS55 dB 60 68
TELECOMMAND RECOVERY
MODULATION LOSS dB 4.12 4.45 3.81 4.13 .oz TRI
IMPLMENT LOSS (%) dB 508 e 508 2.00 0.00 TRI
BIT RATE brs 4000 4000 4000
BIT RATE dBH=z 36.02 36.02 36.02 36.02
REQ Eb-Ho (=%x) dB - 9.60 9.60 9.60
TELECOMMAND MARGIN dB 52.49 E1.06 | E54.01 | 52 .54 0.11
HEAN—3=SIGHA dB 51.53
HARGIN — vw.c. RSS5 dB 51.57
TRANSFD RANG. -CHANHEL
TC in REHG-Vdbd ¥=1-N=0 Iy
TONE HODULATION LOSS dB Ho RG No RG Ho RG
RNG HOISE BNDWIDTH kHz FOAEE. 08 3300.00 2700.00
RNG HOISE BNDWIDTH dBHz 64 77 £5.19 64 .31
IMPLEMENTATION LOSS dB Y P I
S{Tone)~H in Videobd dB Ho RG Ho RG Ho RG
S{TC)~N in RG-Videobd dB 33.84 36.22 32.00

*) Reference at Carrier Acquisition Threshold.

##) Demod Loss includes:

*#%%) Theoretical TC Decoder Required Eb-Ho.

END of UpLink

GG — LGAmax

FSK demod + TC BPFSK Decoder Loss.

— PRIMAD.S-520kn_450kbps TH only
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LINK ID Gy — fidmss — FETMAS S-S50km S50 RADs TN anlir

DATE SE A TGS S/C TRASPONDER JERET — & 5§

S-CRAFT Findari =K S-C ANTENNA IS hedie S-Fand antsans !

OFBIT Frustariad ALTITUDE {1000km) i ET

GASTATION: M3/frindr ELEVATION (deqg): RO

TELECOMMAND BIT RATE (br=) 4000 RAHGING Ho

EFF. TELEMETEY BIT RATE (b-=) 450000 with CODIHG Feed Sol:

BASIC DOWHLINE {1-2)
HOM ADV FAV HEAH VAR FDF

S-C T POWER dBW —&. 7 —&. 57 —&. 5% —6.99 o.on TRI
DIFL. CIRCUIT LOSS (%) dB & &g &
RFDH LOSSES dE 7FE Lo gOEE
WG LOSS dE [Arry &rg goES
ANT. VSWE, owerall 1 P P LS
WSURE LOSSES dB 0.04 0.04 0.04
TOTAL CIRCUITS LOSS dB 1.52 1.67 1.37 1.52 o.on TRI
S~oC TE ANT GATIH dEi =1 & -1 &5 -7 &5 -1.50 o.on TRI
SoC ANT THE AXIAL RATIO dB Ty P o
POINTIHG LOSS dB & &g & o.on o.on UHI
EIRF S-C dBW —-10.01 —-10.16 -9 .86 —-10.01 &8
FREEQUENHCY GHz 5SS 2.282 2.282 2.282
SLANT RANGE 1000%km 1.744 1.744 1.744 1.74
PATH LOSS dB 164 44 164 44 164 44 M 16444
ATHOSPHERIC 10OSS dE 7S gOER ogoA4n 0.50 o.on GAT
IONCOSPHERIC LOSS dB &8 &8 &R o.on o.on GAT
COPCLAR ANT-GAINS ¥=1-H=0 4
POLARISATION MISHATCH dB 0.05 0.05 0.05 .05 o.on UHI
TOTAL PROPAGATION LOSS dE 154 .99 165 .09 164 .39 154 .99 £
FLUX at G-5 dBn-m”™2| -115.83 -115.983 -115 .69 —-115 .83 £
POVERE FLUX DEHS dBEW-m™2| —-152.70 —-150.90 —-155.03 {in 4 kHz)
HAXTH FLUX DEHS dBW-m™2| -151.50 —-151 .50 —-151 &0 [(5— or X-Bnd)

FLUZ HARGIHN dB | 1.20 | -0.&0 3.53 |
G5 RE ANT GATH dEi £5 77 5 57 P 45 .01 o.on TRI
G5 POINTING LOSS dE &S &S o0OS o.z20 o.on OHI
G5 ANT RE AXIAL RATIO dB N Fa i
RECEIVED POVER dBEm —-100.149 —-100. 44 —99 .94
SYSTEM HOISE TEMF dBE SF7 Ea 277 23.71 o.on GAT
RX G-T dB-K 21._30 21.30 21 .30 21 .30 o.on
RE S-Ho dBHz | 74.70 | 74 .4% 74.95 |  74.70 a.a0 |

S50 in RANGING BW
S{Tone)~N in Videobd dE Ho R Ho RG Ho RG
S{TC)»H in RG-Videobd dB 33.84 36,22 32.00

HODULATION INDICES MAXK MIH
TELEMETEY (TH) rad pk P 1.21 n.99
TH, =ine{l) or =sgre() &
RAHNGIHG rad pk &7 0.00 o.oo0
RANG. TONE effec rad pk 0.on 0.00 o.oo0
TC in RG-Videobd rad pk 0.on 0.00 o.oo
NOISE IHDEX 0.00 0.00 0.00
*#)] Diplexer Losse= included in RFDH Lo=ses
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LIRE ID : 7 — FDindess

KF LTNE BHDGET

— FREINES 5-550kn S50kAns T ool

DATE L FRPGESOOS S-C TRASPONDER TERET - 5F
S/CRAFT © Fodars-I S-C ANTEWNNA EUNGE beiie S-Fand anionns !
OREIT . Eyuaterial ALTITUDE (1000km) &EF
G/STATION: Axiinds ELEVATION  {(deg): 1800
TELECOMMAND EIT RATE (brs) 4000 RANGING ¥o
EFF. TELEMETRY BIT RATE (b-s) 450000 with CODING Reed Sol
DOWHLINE {2-2)
[ HOH | ADV | FAV WEaH | wvar | POF |
RX S5-Ho dBHz | 74.70 [ 74 45 [ 74 .95 7470 | aar |
CARRIER RECOVERY
CARRIER SUPPRESSION dE £.87 9.04 5.21 7.13 0.6l TRI
PLL BANDWIDTH 2xEl Hz 10.00 12.00 2.00
PLL BANDWIDTH dBHz 10.00 10.79 3.03 3.91 0.13 TRI
55 required C/N in ZBI  dE 1740 17.00 17 .00 17.00
CARRIER HARGIHN dB 40 .83 37.61 |  43.70 4066 | 0.75 |
HEAN-3=5IGHA dB 38.07
HARGIN — ».c. RSS dB 38.51
TELEHETRY RECOYERY
TLM MODULATION LOSS dE 1.00 0.58 1.56 1.07 0.04 TRI
DEMODULATOR TECH LOSS dE g 88 1480 & e .90 .00 TRI
BIT RATE brs 450000 450000 450000
BIT RATE dbHz cg.53 [ cg.g3 [ GE.53 CE.G3
CODING GAIN dE 5 &8 .80 .80
CODING RATE 1-R 1.14
REQ Eb-No (PFL=1.E-G) dE £ 78 6.70 6.70 670
TELEHETRY HARGIH dB 9 57 .64 | 936 .50 [ o.o5 |
HEAN-3=5IGHA dB 8.85
HARGIN — ».c. RS55 dB 9.10
TOHNE RECOVERY
TONE MODULATION LSS dE Fo RG Fo RG Fo RG ¥o RG ¥o RG TRI
IMPLEMENTATION LOSS dE FO0 Fa0 FO8 2.00 .00 TRI
REQ S({Tone)-H dE 19 40 15.00 19.00 19.00
RANGING MARGIN (=) dB Ho RG Ho Bz | Ho RG Ho B [#VALUE! |
HEAN—3=SIGHA dB Ho RG
HARGIN — ».c. RSS dB Ho RG
COME. CARR. JITTER (%%}
RE TRSFD-FLL JITT deg 0.0l 0.0l 0.01 0.0l
TRANSHMT CARE. JITT deg Fag a8 1.ar 2.00
JITT BDW 2%B (%xx) Hz 5a8 18,85 o 6.50
RE COMBD CARR JITT deg 0.82 1.58 0.3z 1.42

*#) The required MINIMUM Loop-EBandwith supported by MPTS i= 1.25 mHz;

the valued assumned here i= 10 mHz.

#%) Coherent transponder mode assumed for REE COMED CARR JITTer at G-5.
#¥%) 2#B 1= the bandwidth of the jitter from the TE chain or a HPA.

END of DownLinlk

G5 — LGAmax

— PRIMAQD.5-520km_450kbps_THM only
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8. POINTING BUDGET

Taking into account the specificity of GG mission, only spin-axis pointing budget is relevant.

Two budgets have been considered:
e at spin-up completion;
e after one year mission with 1 failed FEEP thruster.

Error contributor Satellite spin axis error
[deg]

Attitude determination error 1

Control error 0.5

Uncertainty on principal inertia frame attitude 0.5

Total de-pointing 2

Table 5.3-1: Spin axis pointing error at spin-up completion

Error contributor Satellite spin axis error
[deg]
Attitude determination error 1
Control error 0.5
Uncertainty on principal inertia frame attitude 0.5
orbital plane precession 5
solar pressure 2.7
atmospheric drag 3.3
gravity gradient
residual magnetic dipole 6(*)
eddy current
residual torque left by thrusters assembly 2 (*)
Total de-pointing < 21
9.2 (rss)

(*) allocation
(**) no FEEP failure (allocation)

Table 5.3-2: Spin axis pointing error after one year mission with 1 failed thruster
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