== CapellaDays

INTERPLANETARY SPACE
MISSION AS A REVERSE-
ENGINEERING BACKGROUND
FORTHE CAPELLA
ENVIRONMENT

Arioli Andrea | Bellicoso Davide | Pecchini Luca
Prosperi Alessio | Rambaldi Riccardo | Tomassi Emanuele

POLITECNICO
MILANO 1863

-

\

A\



: ?\\’1"5” aDays

MISSION DESCRIPTION

Mission Statement | High-level
objectives | Mission Requirements

MBSE APPROACH

Operational analysis | Functional
analysis | System Analysis

REVERSE ENGINEERING

Example of the reverse engineering
process for the subsystems

FINAL DESIGN

Description of the design choices
and justification

CONCLUSION

Acknowledgements | Contacts

SLN3IiLNOD
40 319VL

MISSION AS A REVERSE-ENGINEERING BACKGROUND FORTHE CAPELLA



01 MISSION DESCRIPTION

RAEIR I IRANFRR

SLN3ILNOD
40 3719VL



INTRODUCTION

MISSION STATEMENT

“The Mars Express mission has the
objective to monitor all aspects of the
martian environment, including the
subsurface, surface and atmosphere
of the planet, and to take pictures of
the Martian moons Phobos and
Deimos, in order to search for
evidence of extinct or extant life"
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INTRODUCTION

HIGH-LEVEL SCIENTIFIC
OBIJECTIVES

*  Global mineralogical mapping of Mars surface

e Study of the global compesition and circulation of
the martian atmosphere

*  Perform surface morphology investigation

*  Mapping of the distribution of water in the upper
portions of the crust

e Perform flybys of Phobos and collect images of
Martian moons

e Perform in-situ investigation of the local terrain and
rocks

e Characterisation of the near-Mars plasma and
neutral gas environment

e  Study of the interaction of the upper atmosphere with
the interplanetary medium and solar wind
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Incoming trajectory
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Credit: llustration by Medialab, ESA 2001
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MISSION REQUIREMENTS

Q

- M-0003 The system shall be launched
no earlier than 23rd May 2003 and no
later than 21st June 2003.

cost shall not exceed

have a duration of 1 Martian

compatible with the environment

- 1-0001 The system
shall be compliant with
the Soyuz-Fregate

Q
refines - F-0001 The Mars Express mission refines
__________________ ;e;ir;e_s__________________9 shall carry out both in orbitand in- [~~~ "~ """ "7 T T TTTTooTTTT oo oo oo mm o mm ey
ST T T T T oo - - -----------~Zsjtu scientific observations of Mars
e > and its surrounding environment.
E e ey
; ! refines /:\ /:\
: : refines refines :
| | | :
: (R} (R} Q
refinés - M-0001 The total mission - M-0002 The mission shall - E-0001 The system shall be S refines. _
1
1
1
1
1
1
1

| —
1 satisfies
1

(R}

- M-0004 The mission shall be designed
and launched within 5 years.

N

| satisfies

Q

- M-0005 The mission shall exploit
the heritage design of components
from previous flown mission.

1
300MEur, including margins year (687 Earth days). expected during all mission phases. [< =~~~ ‘fT e ! | specifications.
refines
T A% : :
: T Q Q
(R} @ A
- : \ : - E-0005 The system shall be - E-0004 The system shall
- F-0002 The mission shall - F'0003 The §ystem shall l?e con.1pat|ble 1 : | compatible with the standard EMC be compatible with the
be able to land on the with the predicted energetic particle ebeee b requirements micrometeoroid
Martian surface. environment for all mission phases. : : environment predicted for
X ' refines all mission phases.
I 1
(R] Q ! (R}
- E-0006 Standard cleanliness and - E-0002 The system shall be compatible | refines, - E-0007 The system shall be able to

contamination requirements for
interplanetary mission shall apply.

with the thermal-vacuum environmental
expected during all mission phases.

endure the mechanical loads during all

mission phases.
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PAYLOAD IDENTIFICATION AD RATIONALE -1

Mapping of
the distribution

Characterisation
of the near-Mars

Perform surface
morphology inv

Study of the
global compo

the interaction of th
e

estigation of water in sition of the L plasma and neutr
the upper portio atmosphere upper atmosphere al gas environme
l ns of the crust . with the . nt
Provide stereo l Interplanetal‘y medl *
and colour Perform surface M th tical : i
- ; ; sounding Perform casure the vertica Characterise the
imaging of entire bsurf distribution of CO2, : environment in near-Mars
planet at very high subsurface temperature, O3, UV observations
resolution in 3D SOU”vd'ﬂg aerosols, 02 and H202 of the upper space
and in dull colour atmosphere through ener.getm‘neutral at
Resoluti for Subsurface and Pectroscopy for / local charged-particle
esolution lonosphere Sounding oPY | measurpments.
Stereo he Investigation e
Camera of the and
Characteristics of :
Transmit in rapid sequence up to four the Atmosphere Energelc toms
Obtain near- quasi-simultaneous pulses at one £ M I A M : :
simultaneous imaging  or two different frequencies, and
data Qf a speciﬂ; site receives the corresponding echoes Measures the integral ENA
at high resolution, on the antennas flux. Provides ion and
W_ith a long-track UV spectrometer and IR spectrometer. Measures the vertical electron measurements of hot
triple stereo, fOUF distribution by using stellar occultation and the stellar plasma
colours and five spectrum recorded above the atmosphere serves as a reference
different-phase~angles Spectrarm.
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PAYLOAD IDENTIFICATION AD RATIONALE -2

dy of the udy of ) Global mineralogica Perform in-
global composition and circ global composition and circu I situ investigation of
ulation of lation of mapping of the local terrain and
ian atme i rocks
: - Measure atmospheric .
Analyse wavelengths to Radio occultation to sound the temperature prepssure Quantitative and Dedicated tools to
identify the elements neutral Martian atmosphere g d and directio qualitative analysis of sample the surface
wind speed and direction, sample comoosition
: ple comp : and subsurface
dust saltation and angole and precise isotopic _
: Mars Express of repose materials
Planetary Fourier h > measurements
Spectrometer sO.rblter I:Iadl;; -
cience (Ma
(PFS) Beagle 2
l Simultaneous and coherent dual-frequency downlinks
Double pendulum at X-band (8.4 GHz) and S-band (2.3 GHz). The
interferometer workin radio signals are affected by the
gintwo medium through which they propagate and Deployable in-
wavelength ranges (1. by the gravitational influence of the planet. Situ Environmental
2-5pum and 5-45 . instrumentation sensors
um). Gases that have Observatoire pour la Mapping spectrometer, with
bands in the PFS Minéralogie, I'Eau, les coaligned channels working in the Imaging
spectral range: H,0, Glaces et —> 0.38- devices Sampling
CO, 0, O.. I'Activité (OMEGA) 1.05 um visible and near-IR Field tools
range and in the 0.93-5.1 um short spectrometers
wavelength TR range. 9
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PAYLOAD

REAl IIRFAMAFAIMTS

(=]

- F-0001 The Mars Express
mission shall carry out both
in orbit and in-situ scientific

observations of Mars and |«
its surrounding environment.

refines’

(<]

- F-PL-0003 The system shall
| be able to provide global
data on the planet Mars,
including its surface,
subsurface, atmosphere and

el refines

inertial star pointing

o

e - F-PL-0042 The system shall
be able to perform in-situ
measurements of the
atmosphere oxidising
capability.

.
:
! E : ' refines T refines ionosphere.
B iy @ ! refines A
B 3 = Yoy ! ! T refines,
0 o o o
! G refines
i1 |- F-PL-0026 The system shall - M-PL-0014 The system - - -~ | - F-PL-0006 The system shall - M-PL-0010 The system - M-PL-0011 The system - F-PL-0005 The system shall - F-PL-0004 The system shall | | - F-PL-0008 The system shall - F-PL-0007 The system shall - F-PL-0016 The system shall
Voo AR e shall be able to observe the | - - - ! pe able to perform scientific shall perform in-orbit shall be able to ransmitthe | | pe aple to perform scientific be able to perform scientific | | be able to study the be able to perform scientific |_____, | be able to study gravity
[ 1) et 138 Bl i - - > observations of the martian measurements for at leasta | | data backto Earth. observations of the martian observations of the martian | | interaction of the upper observations of the martian I | anomalies.
' circulation. martian atmosphere d atmosphere. Martian year. surface. subsurface. atmosphere with the ionosphere. i
o through its diurnal and 0 . Ielaneeinedimland i
Do S : " ¥ 52 o : solar wind. ? ‘ refines
L in refines | | ! 1 @ Do irefines refifes : refines ;
d o o R ! refines L - M-PL-0012 The system t L H ] ' ]
. o I Vi shall be able to perform on- =] Rfies 1 i
1| - M-PL0007 The system - F-PL-0031 The system shall | ! &) N Lonid procosh ot it STl | ) [ —— °© L ' ® ' ©
.77 shallbe able to point measure optical properties |~ ! - F-PL-0013 The rn compliance with ;z::'fet’:e"r:gz;':‘hg‘jo"f 1 (e emm{ g - F-PL-0018 The system shall - M-PL-0015 The system ' | - F-PL-0009 The system shall ' |- F-PL-0014 The system shall
' martian limb. of atmospheric aerosols. ! system shall be able |/ 1 transmission specifications. xidi ‘:n bil ! characterise the specific be able to study the shall be able to provide | be able to characterise the " be able to derive the vertical
. | |tocharacterise the | | || ©xidising capabiliy. | (e R subsurface structure at TBD ionospheric measurements ! | near-Mars plasma and ionospheric electron density
! ! ic vertical | ! | [E—— km scale down to the during day-time ' | neutral gas environment. profiles.
: relines | density, pressure, Lo | ermafrost observations. ;
' Q A and A0 g I refines = s ' B g refines
' ° ~F-PL-0043 The system shall jon | 1 11 : e A ;
profiles as a function | | | ! o o ! P — - ]
|- M-PL-0008 The system be able to perform in-situ of height. o ' i yefines - p 1 ' o
hal be able to poit the e - 7|11 |- FPLOOT The system shall - F-PL-0032 The system shall | ' oy . .
nadir. atmospheric temperature ! 1111 |beable to characterise the provide data on the thermal ' it o e e - F-PL-0036 The system shall be able to
and pressure. ! R e inertia of the surface. ' i - E-PL-0019 The system shall - F-PL-0037 The system shall be | - F-PL-0017 The system shall |<* "% provide radio sounding of the solar
' N | L be able to map the able to determine dielectric and | be able to study the solar corona during the superior conjunction of
K i I el i 4 b distribution of water scattering properties of the corona. the planet Mars with the Sun.
o roes H iy S resolution. R e i o P detected in the upper martian surface in specific
_____ - F-PL-0029 The system shall o { R : Bl portions of the crust. target areas. refines
be able to study surface- | - 3 . I o OO et SN« WY J ®
atmosphere interactions. - F-PL-0044 The system shall : L f ' measpremems | e e e ] |
be able to perform in-situ ! Lo : ' uren ‘ refines o - F-PL-0046 The system shall
rr:easurf‘mgms»o(: the ’ i P i 1 | 180iMartanscks, Q ~F-PL0021 The system shall be able to collect samples
:n’:’“ﬁi"’eg:n‘”’" SDEs ! satisfies ! b ' ! - F-PL-0047 The system shall be able to be able to perform a global :‘ “:‘:E";a’“”'j%g";";
: ' o o e e = o] ° collect samples of the martian soil in an mineralogical mapping at epths down to TBL 1.
7777777777777777 : i gt area of TBD square metres. 100-m resolution. e
H satisfies ! H A ! - F-PL-0020 The system shall o - F-PL-0045 he system shall
& & Vi be able to characterise the | """ "5 0016 The system shall be able to be able to perform in-situ
] surface roughness and provide altimetry surface-roughness during | | Measurements of the dust
- M-PL-0006 The system - M-PL-0009 The system 11 topography. night-time observations, saltation and angle of
shall be able to point the shall be able to assumea | | 11 repose.
Vil
P
i

- F-PL-0040 The system shall
be able to perform in-situ
measurements of UV and
radiation flux at the surface.

refines

- F-PL-0027 The system shall
be able to map the
atmospheric composition.
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02 MBSE APPROACH
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Operational analysis Systems analysis
Capture and consolidate operational Identify the boundary of the system,
needs from stakeholders. Identify consolidate requirements. Model
entities, actors, roles, activities, functional dataflows.

concepts. Useful diagrams: CSA, MCB, SFBD

jo Arewwing

Useful diagrams: OEBD, OCB, OES, OAB

PoyidW YIAVOIV

Logical architecture Physical architecture

Define how the system will work. How the system will be developed and
Perform a first trade-off analysis. built. Software vs hardware allocation.
Useful diagrams: LCBD, LAB, M&S, ES Useful diagrams: PCBD, PFB, PAB
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OPERATIONAL
ANALYSIS

Capture and consolidate
operational needs from
stakeholders. Define what the
users of the system have to
accomplish. Identify entities,
actors, roles, activities, concepts.

s f

o
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Space
40E] Agencie
s

Environ

§0El MOC
ment

&= Space
Industries

Launcher ESA

$0E] ITU

AR IR IRANFRR

s Scientifc
Institutions

OPERATIONAL
ENTITY

BREAKDOWN
DIAGRAM

Create all operational actors (human
stakeholders) or entities (non-human
stakeholders), and specify if they are

included within themselves

14
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OPERATIONAL CAPABILITIES
DIAGRAM

cher
[ Perform scientific mission

@ Deliver payload to Earth orbit

W Esa

<— Perform Space Operations

0 Moc

Scientife Institutions ‘

Develop Payload

108 Space Agencies

Space Incustries

1

GOAL 1

Create all operational
capabilities

GOAL 2

Specify their relationships
with the existing operational
entities or actor using
Involvement
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-i', ESA % Scientife Institutions _% ESA _i’ mu -i, Environment -i, ESA

|
|
|
| Establish Avail...
|
|
1

ALILN3

TVNOILVYIdO

[
I
| |
| |
|
Collect Data |
' |

|
|
|
|
|
|
dhta are collected |
|
|
|
|
|
|

ORIVN3DS

: available frequencies ) )
Provide Environmental
Conditions
‘ Send Data ‘ Develop Space... |
|
lenvironmental conditions
s data are sent

Keep Space Segment Safe

Analyze DE

|
|

[OES] Analyse data [OES] Assign communication frequency
~segment saie

[OES] Keep Space
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‘ . Launcher
T T

space segment developed
__space segment developed

Integrate Space
Segment on the
Launcher

N

|

1

1

I

space segment is launched
|

|

Launch the Space
Segment to the parking
orbit

L

‘\ﬂr’mp maneuver

Insert the Space Segment
to the interplanetary
transfer orbit

I

separatibn command is triggered

Separate Space Segment
from the Launcher

1

I

[OES] Deliver payload to Earth orbit

I Scientifc Institutions

-i Space Industries

-i) Space Agencies

payload is designed

Build Payload

payload is built

Test Payload

[

payload is tested

Develop Space

Segment

[OES] Develop payload

ALILN3

ORIVN3DS
TVNOILVYIdO

THE CAPELLA
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|
|
= |
Mission Operations Commands
Definition !
| |
I I
mission operations commands defined

|

Mission Operations.
Commands Management
I
& ! 2
missions, OEerallons commands

Generate Mission
Operations Commands

| 0

ALILN3

TVNOILVYIdO

ORIVN3DS

|
mission opqrano% commands generated
|

Send Commands

sent

Receive Commands

[OES] Perform Space operations
THE CAPELLA 18



45 Launcher &y

Separate Space Insert the Space

@ Segment from the | D separation command is riggered | Segment to the Launch the Space Integrate Space Establish

Launcher | 2 @2 nsertion maneuver @ Segment to the Eszd(eseivnenmsldund\ed @ Segment on the @ Available

Frequencies

parking orbit Launcher

transfer orbit

—

D separalpn completed

Dl available frequencies

ESA Dl space segment develope:

s 1 space Agencies
Perform
-~ 09 ore <O entored o I P Test
sl ars SOI entere " -orbit mission ifecycle Deppyioad s ested © payioad
W relecommands

Dl payload is built

hsion 4 space ifdustries
N eaion ——— ,,Speravozs Dl adjustment maneuvers performed | geach Do
@ Operations g";mi" 2 @ operational @ Space
" Commands e orbit Segment Build
Management Payload
DHinstrumentd are calibrated

Dl captur§ maneuver
P Dl payload(s designed

I
=
0
=
(-]
™
)
o
O

{08 Scientiff: Institutions

D4 missions operdkions commands

@ Desian
Generate @ Approach o Payload
Mission Bl ® e DS data are collected
Operations | P Gata arg sent
Commands [ T
& e Data

Land

on
Pl release command is triggered | @ ELS D& martian surface is reached

DH mission operdtions commands geferated

rchitecture Diagram

surface
Environment
@ Receive SKeeP Dl environmental conditigns
e pace
® Send Commands - = Comancs ® Sagment i
Safe @ Environmental
Conditions

== CapellaDays - INTERPLANETARY SPACE MISSION AS A REVERSE-ENGINEERING BACKGROUND FOR THE CAPELLA 19

. Y NI YT JONL .




Separate Space
Segment from the
Launcher

D= separation command is triggered

Launcher

Insert the Space
Segment to the
interplanetary
transfer orbit

E insertion maneuver

Launch the Space
@ Segment to the
parking orbit

Integrate Space

E space segment is launched Segment on the

Launcher

ITU

Establish
@ Available
Frequencies

D=1 separ*n completed

{08 ESA

.% In-orbit mission lifecycle
.% Telecommands

DA space segment develope|

D available frequencies

yload is|tested

Space Agencies

Test
Payload

@

Develop
@ Space
Segment

D4 data are collected

e e @Send

Data

DR payload is built

Space Ifdustries

Build

® Payload

4

D payloadfis designed

Pl data are

sent

Scientiff Institutions

Design
Payload

Keep
Space

MOC
Perform
@ TCMs D=l Mars SOI entered
Mission
A Operations D= adjustment maneuvers performed
M'SSIFm missior} opetations commands definfd Commands Orbit Reagh
) Operations Definition VEre @ operational
Commands orbit
Management
DA instrumentd are calibrated
D= capturg maneuver
D= missions operdtions commands
Generate @ Aps‘r‘oach Collect
Mission ars Data

Qperations

Commands A

s ? Lan
mission operdtions commands geferated znd
PHrelease command is triggered | @ o D martian surface is reached
surface
Receive
Ds)
@ Send Commands mmm QerimEil

Segment
Safe

D= environi

Analyz
e Data

ental conditig

40 Environment

Provide
@ Environmental
Conditions




45 Launcher Wi

Separate Space Insert the Space
@ Segment from the | D& separation command is triggered @ Segment to the

i ) (D] =
EuTeigy < e Em:emonmdneuvev @ Segment to the Eszd(eseivnenmsldund\ed @ Segment on the @ Available

transfer orbit parking orbit Launcher Frequencies

Launch the Space Integrate Space Establish

D separafpn completed DR available frequencies

ESA Dl space segment develope

8 moc 43 Space Agencies
Perform
® D4 Mars SOI entered % In-situ mission I Test
i) W Il insitu mission lifecycle D8I phyload is|tested ® payioad
< Telecommands

Dl payload is built

]
=
9
el
[
™
O
.
(o

n Mission  — —— 458 Space Ijdustries
@ Operations pai i (] T @ operational| @ Space
Commands orbit Segment @ Build
Management T Payload
h D&instrumenty are calibrated
Dl capture maneuver
= e o D4 payloadfis designed
I ' D= missions operdtions commands 0 scientiff Institutions
v Design
®
Approach J Payload
Generate @ Collect = |
Mission Mars © ot | DAdata are colected )
Operations | P Gata arg sent
Commands Y | o
nalyz
@
) @ oo
DH mission operdtions commands geferated Lz:d
: paclease command i tiggered | @ " (RTrartam sorfoce T eached
Environment
u Receive liate Dl environmental conditigns
Dol gl © commands ® Space
@ Send Commands g Provide
Safe ® Environmental
Conditions
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Separate Space
Segment from the

Launcher

D= separation command is triggered

Launcher

Insert the Space
Segment to the
interplanetary
transfer orbit

Launch the Space

E'nser ion maneuver__|® Segment to the

parking orbit

EsEace segment is launched

Integrate Space
Segment on the

Launcher

ITU

Establish
@ Available
Frequencies

5E moc

Mission
Operations
@
© Commands
Management

missio

D= missions operdtions commands

Generate
Mission
Qperations
Commands

mission operdtions commands ge|

herated

@ Send Commands

D=8l ce ara&n completed . n
& R D available frequencies
@ ESA D&l space segment develope:
P 2 P Space Agencies
@ Perform b o 4 .% -
Mars SOI entere In-situ mission lifecycle . £
TCMs itu mission lifecyt D31 payload is|tested @ Payload
.% Telecommands
DR payload is built
Mission 13 Space Iifdustries
onci RN B gPeratlozs ot D adjustment maneuvers performed Pzl Develop
°";f“.a." 2 M @ operational @ Space
Selpited = orbit Segment ® Build
Y Payload
4
D instruments are calibrated
D= capturé maneuver . :
P D payloadfis designed
Scientiff Institutions
Design
® Approach Payload
Mars Collect
Data D4 data are collected >
@ send Dl data are sent
Y Data
Analyz
e Data
Land
— on = =
release command is triggered o B martian surface is reached
surface
40 Environment
Receive g::fe D= environmental conditigns
D3lcom Commands
m Segment Provide
Safe @ Environmental
Conditions




SYSTEM
ANALYSIS

Identify the boundary of the
system, consolidate
requirements. Model functional
dataflows.

s f

i . ]

*
&’ - |
T e . T SR P LT
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Provide power supply

SYSTEM ACTORS &

MISSION

Provide protection against mechanjzaf Toads
@ Keep Space seqment Safe @

Provide protection againsf@diation,

CSA - Operational Entities are now transformed into

System Actors

MCB - 3 main missions identified, further described by
the linked capabilities

ESA Space Industries Launcher Scientifc Institutions Ty Environment Space Agencies MoC C

- \Colle(( data
System P
’ ©

[CSA] System Actors [MCB] Capabilities
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@ Approach Mars

& Estimate relative state

D relafve state

@ Execute relative maneuverj

[SDFB] Approach Mars
@ Provide on-board data handling
@ Process data

Dl data are processed

¥
@ Store data

DEl data arp compressed

i1 .
@ Prepare data for ransmissio

[SDFB] Provide On-Board Data Handling

@ Collect data

e
@ Check instruments statu

Dinstruments status

@ Calibrate instruments

D5 cigniific plan

®o0 perate instruments

[SDFB] Collect Data

@ Provide protection against electromagnetic interfarence

o Provide electromagnetic
interfaces

i

Bl o lectromagnetic intarfaces

i
5 Manage electromagnetic
interfaces

[SDFB] Provide Protection against electromagnetic interference

1 - [gd4as]INVIE MO14

Vivdad TVNOILLONNG
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FUNCTIONAL DATA FLOW BLANK [SDFB] - 2

[SDFB] Provide propulsion [SDFB] Provide protection against

: ) mechanical loads

@ Provide propulsion

[SDFB] Provide power supply

@ Provide protection against mechanical loads

& Provide power supply

|® Estimate current state] @ Launch compatibility

15 N
< Provide launcher

interface and support
Dl cstimatqd current state P

@ Store energy
p

= il D launcher interface
@ Perform thrusting to desired slate

.
© supportiaunch loads J
A ——

Rlstored energy

pa
Dl reachdd target ohit it et Uil @ In-space maneuvers compatibility

N
[@ Provide estimated loads ‘

J ) Distribute power
& Pertorm orbital cantrol Atfitude D4l estimated loads
@ stabilization during
thrusting @ )
@ Support loads due to
maneuvers

| S —

@ Entry and descent

~

@ Provide estimated loads
Q vt ]

Dl estimated loads

i
® Support loads due to
atmosphere interaction




@ Provide communication

@ Uplink @ Downlink
&
Receive Transmit telemetry
@ telecommand data to Ground

from Ground

[SDFB] Provide Communication

@ Prevent damages due to radiation enviranment

Estimate
@ radiation
envirpnment

DSl estimated [radiation profiles

Provide
@ radiation
shielding

[SDFB] Provide protection against

@ Prevent damages due to collisions

@ Track potential
harmiful trajectories

Dl metearaids trajectofy D meteralids properties

@

Perfarm collision
avaidance maneuvers

Provide
® collision
shielding

[SDFB] Provide protection against
[INTaYa!

r

Dissipate
G exressive
heat

@ Prevent damages due to thermal lnads

Maritar camponents
temperature

@

D components temperaiure

Keep compornents
& tomperature wathin
acceplable lim'ly

D8 componers Yerperature limits

2 temparature limits

T
Guarantee
&P Lherma

insulazion

[SDFB] Provide protection against temperature

€ - [gdas] )INV1g MO14
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@ Provide Support

@ Perform Scientific Mission

" Provide Provide Provide on- B
® power ; @
i propulsion © board data Provide e
supply handling ® :
communication
® Approach
I I o Mars
Prepare data
® Generate ® Store ® Regulate ® Distribute ® Store ® o Process @ Uplink @ Downlink
] power energy power power data o ata
P Estimate Execute Check
@ relative @ relative ), Gl p Operate @ instruments
‘ Transmit Transmit maneuvers instruments Insteuments
% - d Receive e, ’a"s"f“ state status
titude > _ telemetry - scientific
Estimate Perform Perform ®‘f‘e‘°g"“”g (ot O e
@ current | @ thrusting to @® orbital ® dluitig FormiSIom: Ground Ground
z state desired state| control thrusting
I : @ Keep Space Segment Safe
o - P;evsﬂl dhamagfs Provide protection Prevent damages V'°V‘dazs;‘°;‘“°” @ Prevent damages
® due to therma ; : @
e @ agams(kr)r;edcshamcal ® du:":/?r;an(:‘a;::n e Al El e
interference
z Monitor Keep components Dissipate Guarantee e Provide
@ components | | @ temperature within @ excessive @ thermal ® i @ radiation Track potential iim Provide
temperature acceptable fimits heat insulation oty shielding e allson @ collision
trajectories e shielding
maneuvers
Provide
i Manage N
Launch. © m::::v‘::rs @Fntyand | mrmremaie @ electromagnetic
compatibility ey descent fitidhtis interfaces

- S S— -

—

Support s Support loads
Provide PP Provid:
® launch i Support loads sty
s iz P @estimated | (@ et ® estimated
support loads Qmospnere loads

maneuvers interaction
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@D Provide Support

= . & ;
® Prg“,c:f Provide Provide on- [=]
Zu : propulsion & board data ——"
i hisaulling communication
B
El‘l; =
Generate Store ® Regulate ® Distribute ® Store ® Prepaf(r; e ® Process @& Uplink @ Downlink
power energy power power data T data
) itude @ telecommand scientific
Estimate Perform Perform stabilization Ao data to ik
& current @ thrusting to & orbital during Eroind ——
state desired state control thrusting
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@0 Perform Scientific Mission

L

|

= =
Approach Collect
Mars data
o Execute X Check
@ rsellartc}?/ee @ relative Calibrate Sperte ®i"5tr”er§ents
anewvers e ETE instruments
state status
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@D Keep Space Segment Safe

Provide protection

Prevent damages Provide protection Prevent damages : P ETags
@ due to thermal @ against mechanical @ due to radiation SRR i
loads o] g t electromagnetic due to collisions
oads environmen e
Monitor Keep CO""PO”?W_S Dissipate Guarantee Estimate Provide
@) components | | @ temperature within @& excessive @ thermal @ radiat @ radiation Track potential Perform P
temperature acceptable limits heat insulation (aCaicn Azl collision i
2 environment 9 G  harmful id @ collision
trajectories AN shielding
maneuvers
g =]
Provide
In-space Manage .
Laun(I:hT @& maneuvers Hiipy & @ electromagnetic ® electromagnetic
compatibility . descent Ikarks cas interfaces

— i

Support Provide ; Support loads -
® launch Eundies Support loads Pr'cwde due to Provide
[ interface and @ estimated @ estimated
oads @ dueto ok atmosphere [
support maneuvers interaction
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03 REVERSE ENGINEERING
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STEP 2

Retrieve initial
parking orbit and
escape manoeuvre

STEP 1

literature:

Find data from

* Departure date
* Launch site

STEP 3

SMA [km]
ECC

INC [deg]

MISSION ANALYSIS
REVERSE ENGINEERING

EarthMJ2000Eq
Epoch: 02 Jun 2003 19:27:25:594

¥.V.\)]

| [deg]
AoP [deg]

TA [deg

) AN
1Y /

NEAR EARTH
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STEP 2 MISSION ANALYSIS

Compute the

Trajectory Correction REVE Rs E E N G I N E E RI N G

Manoeuvres

STEP 1 STEP 3
Find data from 0.4974 m/s
literature:

0.7542 m/s |

: ¥.umbberofTCMsc 0.4240 /s | | | DEEP SPACE
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STEP 2 MISSION ANALYSIS

Compute the Mars

Orbit Insertion and REVERSE ENGINEERING

the shape and plane
change manoeuvres

STEP 1 STEP 3

g}?gi::??]r;i.?;n 2004 13:34:10.592 '
Find data from MOI 786.5181 m/s N EA R M A R S
literature: PLANE CHANGE 102.5880 m/s
* Arrival date APOGEE REDUCTIONS LR RtE
* Type of manoeuvres ¢ (ve 9.0946-mis
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MISSION ANALYSIS
REVERSE ENGINEERING

FINAL PARAMETERS ACHIEVED

SEMI-MAJOR AXIS 9391.5584 km
ECCENTRICITY 0.6120
INCLINATION 86.1626°
ANOMALY OF PERICENTER 344.9423°
TOTAL VELOCITY BUDGET 1343.8381 m/s

RELATIVE ERRORS E

<0.5% <0.02%

ECCENTRICIT ANOMALY

<0.5%

SEMI-MAIJOR
AXIS

<0.1%

INCLINATIO
N

VELOCITY
BUDGET
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FROM FUNCTIONALITIES

@ Provide Support @ Perform Scientific Mission

' i Approach Collect
® Prowdr_e ® e ® .
propulsion
- Attitude Execute
erlorm ilizati Estimate y
@ orbital @ ebilzation ‘ @ Upli : @ relative Calibrate Operate
0 during | @ relative i instruments
control thrusting i it maneuvers instruments

|

Check
@ instruments
status

Receive

telecomma
® nd from
Ground
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FROM FUNCTIONALITIES

G Keep Space Segment Safe

Prevent damages
@ due to radiation
environment

Estimate
@ radiation
environment

Provide protection
against
electromagnetic
interference

Provide
@ radiation
shielding

Manage

Provide

@ electromagnetic @ electromagnetic

interfaces

interfaces

Prevent damages
due to collisions

@

Track potential
harmful
trajectories
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avoidance
maneuvers
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FROM MISSION

- F-0001 The Mars Express mission refines
shall carry out both in orbit and in-
situ scientific observations of Mars
77777777777777777777 and its surrounding environment.

refines

refines

j
refines refines
1

]
- 1-0001 The system [
- M-0003 The system shall be launched §f! - M-0001 The total mission - M-0002 The mission shall - £-0001 The system shall be efines, _ [|502!l be compliant with
no earlier than 23rd May 2003 and no cost shall not exceed have a duration of 1 Martian compatible with the environment I~~~ """ 7777 5 fthe Sgyu{—Fregate n
later than 21st June 2003. i 300MEur, including margins year (687 Earth days). expected during all mission phases. i< =~ ~ -f- == | || specifications.
| refines | i1
. ' L L
1 satisfies ! = ' i ! o o >
1 ' 1
i 7 L ' : - E-0005 The system shall be - E-0004 The system shall
- M-0004 The mission shall be designed J' - F-0002 The mission shall - E-0003 The system shall l?e conj\pahble - L compatible with the standard EMC be compatible with the
and launched within 5 years. \ be able to land on the W'"‘ the predicted energetic particle refines |1 requirements micrometeoroid e~
! Martian surface. environment for all mission phases. { i 1t predicted for
: ' L
! satisfies K _— H 1 refines all mission phases.
|
Q (=] (=] : (=]
- M-0005 The mission shall exploit - E-0006 Standard cleanliness and - E-0002 The system shall be compatible | refines - £-0007 The system shall be able to
the heritage design of components. contamination requirements for with the thermal-vacuum environmental endure the mechanical loads during all
from previous flown mission. interplanetary mission shall apply. expected during all mission phases. mission phases.

SISATVNY NOISSIW

FROM MISSION OBJECTIVES

POLAR ORBIT
HIGH ECCENTRICITY

HIGH SEMIMAJOR
AXIS

LANDER
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MISSION ANALYSIS
REQUIREMENTS

R ;
! refines | - F-0001 The Mars Express mission shall carryout e - - - - - - - - - - - - - - - i tEfines :
I 1 refines both in orbit and in-situ scientific observations of refines 4
i i B ameieee Mars and its surrounding environment. : !
i i ! i L
E E ; 3 3 E refines 3 e °
i H L i refines | ' i - F-0002 The mission shallbe |-~ | -~ M-0001 The total mission cost
Q Q Q ; Q ' Q able to land on the Martian | ;| shall not exceed 300MEur,
! ! surface. 1 including margins
- M-0003 The system shall be - E-0001 The system shall be - 1-0001 The system shall be ' - M-MA-0002 The system shall || __| - M-MA-0004 The system shall o e
launched no earlier than 23rd 1 -> compatible with the compliant with the Soyuz- 1| reach Mars SOl within 7 months | + | | orbit Mars for at least one i reﬁnes’l\ [
May 2003 and no later than i environment expected during Fregate specifications. | | from launch |+ | martian year i L ¥ i
21st June 2003. L all mission phases. 1 E——. ; ; T X : @ i refines
x ! s x refinest 1 e r-=--  refines ' - F-MA-0003 The system shall i
satisfies : : e - o ] o : : o | be able to harmlessly land the i i Q
o ' ° i i LS . in»sity experiments on the i ~ M-MA-0008 Part of the
: éf‘ y M-MA-0007 The system shall ! - M-MA-0001 The system shall i - F-MA-0002 The system shall : Martian surface ! system shall land at Isidis
- M-0004 The mission shall be | ' | - E-MA-0001 The system shall '§1N% perform flybys to Phobos 1 beinserted on an interplanetary |-' | be able to perform maneuvers | = I Planitia (11.6° N 90.74°E) within
designed and launched within 5 | | | survive the space environment ' | leg starting from a circular . |inorder to adjust the orbit : | refines ' an error ellipse of 20x100km
years. | | during the interplanetary cruise : : parking orbit : around Mars as required by the - Q Y
I ! i i | Mission Operations Centre i — satisfies
reﬂnes: : satisf\esj ,eﬁne$ . M-MA-0009 The in-situ :_ ]
o o o o ' SatlsrlepaY'Oad shall qot breall< upon Q
Q " arrival on martian landing site - M-MA-0003 The system shall
- E-MA-0002 The system shall - E-MA-0003 The system shall - F-MA-0004 The orbiter shall - M-MA-0005 The system shall A h hall il perform trajectory control
survive martian astmosphere survive launch and separation pass over the lander landing be launched from Baikonur FARHEL 12 S &) o —_— :n rdyrt Banatth
entry and descent from the launcher adapter spot at least TBD per week Cosmodrome 2 elala i padieime e L : 'T: S ".e4 ° tg .tﬁ
Orbit Insertion upon arrivalin < T Zice © T M_MA-0010 The system shall | | 0. ¢ on @ collision route wi
Mar=iS0l rendezvous with Mars pars
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INPUT DATA

Max Eclipse time

Orbit Period

Max daylight power budget
Eclipse power budget

P, @ 1 AU of Si solar cell
Inherent degradation factor
Peak Power Tracking (PPT)

Degradation factor Si- cell

¢

RESULTS

11.89

Total Solar Array Area
Total Solar Array Mass (+hinges)

92
7.5
500
300
202
0.77

m2

kg

MA

CONFIG

STR

TCS

Design effects

The batteries shall be passivated before
disposal phase, otherwise they might explode

Solar arrays need to be folded during launch
and unfolded adterwards

Solar panels are long appendages subjected to
loads and vibrations

g - wajsAqng
19MOd d14309|3 - Sd3
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refines

(R

- 2}
i

- F-0001 The Mars Express
mission shall carry out both in
orbit and in-situ scientific
observations of Mars and its
surrcunding environment.

0
refines

ELECTRIC POWER SUBSYSTEM -
REQUIREMENTS

refines

Q

refines

(R]

(R]

- M-EPS-0005 The in-situ EPS s/s
shall supply at least TBD W of
electric power EOL

F--- =

-7

- M-PL-0013 The system shall
perform in-situ measurements
for at least 180 Martian sols.

- I-0001 The system shall be
compliant with the Soyuz-
Fregate specifications.

- fefine

Q

- E-EPS-0001 The in-situ EPS s/s
shall endure Martian atmospheric
conditions for the estimated
lifetime

Q@

- F-EPS-0006 The s/s shall be
able to dissipate the excess of
electric power

- F-EPS-0001 The s/s shall
supply, store, regulate and

- F-EP5-0007 The s/s shall be
able to switch on and off each

refines,. #

(R]

distribute electric power to all power line
subsystems
refinds Nl Jefines
y N
'R) Q

- F-EP5-0004 The s/s shall
provide regulated power to
the lcads

; refines

- F-EPS-0005 The s/s shall
supply a continuous source of
electric power to spacecraft
loads during mission life

- F-EPS-0003 The s/s shall grant
a positive power generation

A
reﬂnes:

refines
- - -

Q

ke — -

Q

- M-EPS-0001 The s/s shall be
passivated after the disposal
manoeuvres

- M-EPS-0004 The s/s shall
supply at least 500W of
electric power in sunlight

- F-EPS-0008 The s/s shall supply
power to the loads both in
Sunlight as well as in Eclipse

refines

- M-EPS-0003 The 5/ shall
supply at least 300W of
electric power during eclipse
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THERMAL CONTROL ATTITUDE & ORBIT GONTROL o
= Asiively conlrelled hesters = 30 stabilised using Tour 12 Nms raaction whaols esl n e ects
v PASEUR MLLA Faars = Two wida fiold of view alonomous star trackars

d - S/S |oiauo) pue

uoneUIWI3SQ SPNUNY - SOAY

% = To G-ais inertial msssursmant urits
= Two Coarse Sun Senzors
é
EPS shall provide 111 W during nominal operations
Py o0 20 b and 391W in the worst-case scenario
r M

omum Power Poin: Tracking

= 450 W peak powst for Nars
cpertions

+ B An Litham batery

= S0l State Power Gorrciler for
Fower distibution and protection

SOLAR ARRAYS
= Si osl

: g‘ﬁ
v 6B0W @ 1.5AL 5 &
STRUGTURE
{
\
\ 3
\,
k!
- v 595 kg capacity (370 neecec]

= A hongygamb
TELECOMMUNICATIONS. \\ = EIght 10 N thrustess

£ 1.0 m dameler HGA x One 400 N man engine

£ Tw O LGAS

= S0 uglink

= S/ dowmiink

£ 65W X band ampiis SOFTWARE

The onboard computer shall be capable of estimating
the attitude and of providing control in a short enough
DATA HANDLING time so that the system can be successfully controlled

= Four 1 Mips procsssors
= Majority voting
= 262 ks frams ganeralion

= Box lype siruclur
v Machined LVA ring

The structure of the satellite shall be designed so that
all sensors and actuators be placed such that the
principal axes of inertia shall be oriented as desired

PROPULSION
v B proptant system

PS shall include in the propellant mass at least

© Fully modular design

S AN hased cbject orened lnguage 4.113kg of propellant per year for desaturation of the
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ATTITUDE DETERMINATION AND
CONTROL S/S - REQUIREMENTS

Q

- F-0001 The Mars Express mission
2| shall carry out both in orbit and in-situ
refines | scientific observations of Mars and its | _ refines
surrounding environment.

refines

[
refines :

[
: refines

(R}

Q

© Q

F-AOCS-0008 Th hall b - F-ADCS-0006 The s/s shall be - F-AOCS-0007 The system shall be - F-AOCS-0004 The system shall be
o ) e:s/s slagae : capable of compensating the external capable to point Mars with 3 DOF able to point the Earth with 3 DOF
capable of measuring the acceleration perturbations

of the system with respect to the body
frame

Q Q Q Q

- F-AQCS-0005 The s/s shall measure - F-AQCS5-0003 The system shall be - F-AQCS-0001 The s/s shall give - F-AQCS-0002 The s/s shall provide
spin rate of the spacecraft with respect capable to point the Sun with 2 DOF information about current attitude with slewing capability with a rate lower
to the body frame I an accuracy of 0.1 deg than 0.5 deg/s
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m Estimated Value Real Value

Dry mass 0% 555 kg 555 kg
Thruster 10% From MA

Main engine 5% From MA

Propellant mass Inherited 433 kg 427 kg
Max volume tanks 10% (3% on masses) 213L 267L
Pressure Ox tank Inherited 13.72 Bar

Pressure Fuel tank Inherited 13.44 Bar

Low pressure Gas side Inherited 13.72 Bar 20 Bar

g - wa3sAsqng
uois|ndoad - Sd

Design effects

Heat generated by the main engine shall be dissipated in order
not to overheat nearby components

Propellant tanks need support structures which shall resist
the loads during the maneuvers
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PROPULSION SUBSYSTEM-
REQUIREMENTS

(R}
i R R R = - F-0001 The Mars Express mission
I shall carry out both in orbit and in-
: g e > situ scientific observations of Mars [~ - -~" """ """ -"------------- S S i Y i e !
L refines ) refinas
. ] and its surrounding environment. . refines | ]
L : V' refines — —F S i y
: [ refines [ i " | !
' = it q refines '
. [ 1 [ i i 1
[ [ '
Q [ Q [ Q 0 E
[ [ 1
- M-PROP-0009 The exhaust o - E-PROP-0001 The propuilsive it - M-PROP-0004 The propulsive - M-PRGP-0006 The propellant used | |
products shall not damage or make | | subsystem shall be compatible with P subsystem shall provide a total by the propulsive subsystem shall be | |
inefficient any instrument an-board [ the space enviranment (L impulse of TBD seconds storable !
of the spacecraft - 5 i
L i i
N | refines :
5 o o E o & :
[ [ 1
- M-PROP-0001 The propulsive u - F-PROP-0006 The propulsive 1| - M-PROP-0003 The thrust delivered --= -F-PROP-0001 The propulsive i
subsystem shall provide a total delta ' '~ - subsystem shall be capable of '+ by the propulsive system shall bein | 1 - > subsystem shall perform all -
velocity of TBD km/s perferming attitude centrol [ the range from TBD to TBD Newtons | | : maneuvers apart from launch and
I 4 injection into interplanatary leg
I I <=1
: H ) :
refines; reﬁne;: \ reﬁnalgs i
' ' '
[&] @ ; [&] e [&] ;
- M-PRCP-0005 The propulsive - M-PROP-0002 The propulsive ; - F-PROP-0004 The propulsive i - F-PROP-0005 The propulsive 3
subsystem mass shall be in the | cefineg] system shall be compatible with the | -' subsystem shall perform station . subsystem shall perform the mars :
range frem TBD to TBD kilograms spacacraft keeping around mars ! orbit insertion (MOI) maneuver !
' '
-
| i i
' — ' '
refines, refmfs refines: refines:
' '
(R] ! o (%] ! (R] :
- M-PROP-0008 The propulsive i - M-PROP-0007 The propulsive - F-PROP-0C03 The propulsive H - F-PROP-0002 The propulsive :
subsystem valume shall be in the |- - - subsystem power consumption shall subsystem shall perform in arbit - -' | subsystem shall perform interplanetary | |
range frem TBD and TBD cm*3 be lower than TBD Watts maneuvers to reach the operational trajectory correction maneuvers (TCM} |
orbit to target Mars Bdot coordinates TBD
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1,65 m diameter | X-band and S-band | Cassegrain system | [ = 4
Centered paraboloid main reflector | ~25 kg 20 W in X-band, 5 W in S-band v
hyperboloid dichroic sub-reflector | circular polarisation (7 z
Quasi-omni-directional | S-band | 40cm long 2 ~1.2kgeach 10 W each ﬁ g
2 (s
output power 48.4 dBm=69 Watts 7kg each 65 W each m |
X-band transmitting at 8420 MHz 2 5 4
S-band transmitting at 2296 MHz (output power 37dBm) Skg each “w | m
—
1
A\ A\ v 1
) 0
s 1\ 7 o
@ 3
L]
I Design effects §
mme
<\ (o]:10], | Manage and compress collected data 0N
. -
HGA — =.
LA Ferex ADCS Fine attitude required for HGA o

LGA rear(x)

CONFIG

Transponder 2
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TELECOMMUNICATION
SUBSYSTEM- REQUIREMENTS

Q

- F-0001 The Mars Express mission
shall carry out both in orbit and in-
situ scientific abservations of Mars

refines

== CapellaDays -IN

refines

refines

> and its surrounding emvirenment.

i N
| refines
L

L
'
I

7
refingg - - - - - - - - - - - - -~

- M-TTMTC-0008 Communications
with the lander shall be performed
up to a bit rate of 128kbps

- M-TTMTC-0007 Scientific data shall
be transmitted with a bit rate
dependent on the mission phase

- M-TTMTC-0002 Uplink functionality
shall be provided in both § and X
bands

- M-TTMTC-0001 Downlink
functionality shall be provided in
both S and X bands

(R]

refines

refines

4 (R}

Q

- M-TTMTC-0006 Telemetry data

_ shall be transmitted with a bit rate of

256 kbps

_| with the |ander shall be performed in

- M-TTMTC-0003 Communications

UHF band

- F-TTMTC-0001 The ground
segment shall provide tracking
capability by radio doppler

- I-TTMTC-0001 The TTMTC
subsystem shall interface with the
OBDH subsystem

refines

nes

@

o

(]

(R}

- F-TTMTC-0006 During LEQP the
spacecraft shall be able to downlink
telemetry data, independently of the
attitude of the spacecraft

- F-TTMTC-0005 The system shall be
able to provide uplink and downlink
functionalities between the orbiter
and the lander

Q |

- F-TTMTC-0004 The system shall be
able to downlink scientific data to the
ground station

- F-TTMTC-0003 The system shall be
able to receive telecommands from
the ground

@

refi

nes

Q

(R}

Q

- M-TTMTC-0004 Ground stations

_ shall enable at least ane contact per

day

- F-TTMTC-0007 The system shall
provide bit-flip error correction

- F-TTMTC-0002 The systern shall be

(TBC) per day

able to downlink telemetry data ance |

- M-TTMTC-0005 A backup ground
station shall be available in case the
primary ground station is not
aperable

TERPLANETARY SPACE MISSION AS A REVERSE-ENGINEERING BACKGROUND FORTHE CAPELLA
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Black

Frontshield
kapton

Vacuum
Backshell deposited
aluminum

Chemglaze
Backplate 2306 black
paint

Instrument Teflon gold-

Folded

Folded

Folded

Unfolded
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0,09 0,04
0,92 0,89
0,24 0,43

d - wa3sAsqng

[o43u0) [ewiisy ] - SOL

0
" @
Design effects Y
EPS EPS shall be able of providing at least 394 W for the orbiter, and 6 W :
for the lander
OBDH OBDH shall be able of analyzing the s/s temperatures and give
the necessary commands
The health and correct functioning of each scientific instrument
PAYLOAD is heavily influenced by the temperature at which is kept
STR The structure of the satellite shall
be designed respecting the considerations done for the TCS
il 2m
A
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THERMAL CONTROL SUBSYSTEM-
REQUIREMENTS

Q
- F-0001 The Mars Express
mission shall carry out bath in
orbit and in-situ scientific
observations of Mars and its
surrounding environment.
0
refings
\
refines 5] - @40 refines
- F-TCS-0001 The s/s shall !
' e sl e s S '
; the allowed temperature . refines | :
i i o tefines H I
{ range in all phases of the < : . :
' mission Lo ' ' '
' ' | i ' '
' ' ) \ I ' '
' : refings . | i :
i ’ Q : Q i (R]
1 1 1 Ll
- F-TC5-0002 The s/s shall be ! - F-TCS$-0004 The s/s shall : - F-TCS-0003 The s/s shall be refines |- M-TCS-0001 The orbiter g - M-TCS-0002 The orbiter
capable of providing heatto | 1 ensure thermal protection ' capabile of expelling heat I shall be kept at a temperature ' shall be kept at a temperature
the s/c ; during entry in the martian i from the s/c . lower than 25°C at all times : higher than 10°C at all times
! atmosphere . ! .
' ' I '
1 1 [ Ll
' ' i '
' ' I '
! refines ! '
' ' I '
1 1 L 1
(R] Q o Q
- M-TCS-0005 The lander shall - M-TCS-0004 The lander shall - M-TCS-0003 The lander shall - M-TCS-0006 The lander shall
be kept at a temperature be kept at a temperature be kept at a temperature be kept at a temperature
higher than -30°C while higher than -65°C during all lower than 40°C during all lower than 30°C while
cperating on the martian phases up to the entry phases up to the entry aperating on the martian
surface surface
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| propulsion system shall be

(=]

refines

refines

- F-0001 The Mars Express
mission shall carry out both in
orbit and in-situ scientific
observations of Mars and its
surrounding environment.

1
i 0 L — x
' ' P | '
\ 1 refines refines '
H i fh TP
o o H o
- O-STR&CONF-0001 The ~1-0001 The system ' - F-STR&CONF-0006 The
structure shall have a first mode | | shall be compliant with ‘ disposition of the components in
above TED Hz the Soyuz-Fregate s the spacecraft body shall allow
ifications. 1efines 1 | for connection of the interfaces
' between the components.

refines |

(R}

- E-0001 The system shall be
compatible with the
environment expected during
all mission phases.

(]

(=]

refines ’

- M-STR&CONF-0001 The COG of
_| the s/c shall be located within
TBD cm from the geometric
centre at all times

- O-STR&CONF-0002 The
structure shall guarantee access
to the internal parts of the
spacecraft until the transportation
to the launchpad

to endure the mechanical loads
during all mission phases.

- E-0007 The system shall be able | _

- F-STR&CONF-0004 The
structure shall guarantee a
safe landing at the martian
surface

o

(]

- C-STR&CONF-0002 The

positioned in order not to
interfer with the scientific
objective of the mission

- C-STR&CONF-0001 The power
supply system orientation shall
be independent from the s/c
orientation

@ | e

- F-STR&CONF-0005 The
structure shall be able to
withstand the mechanical loads
during the entry in the martian
atmosphere

- F-STR&CONF-0002 The structure
shall be able to withstand the
mechanical loads at launch

PRIV 7Z7EIF 27 0 ERB A ™R I

L "
v

'
'
refines
'

'

'

'

'

L

_| withstand load due to maneuvres

o

- F-STR&CONF-0003 The
structure shall be able to

(=]

- F-STR&CONF-0007 The
structure shall be able to

the martian surface

withstand the mechanical loads at

OBDH

ADCS

CONFIG

Design effects

Manage and compress collected data

Fine attitude required for HGA

The solar panels shall not be overshadowed by the antenna,
which shall stay on the cold side far from the exhaust gases

$3293j3 ubisaq 3

sjuswainbay - HIANODBULS
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FINAL CONFIGURATION




Microsoft Game DVR

SOLIDWORKS Premium 2018 x64 Edition - [Mars Express Assembly.SLDASM *]


THANKS

Do you have any questions?

Pls feel free to contact us for the
model of the project

*PROJECT REALIZED DURING THE
ACADEMIC COURSE: «<SPACE SYSTEMS
ENGINEERING AND OPERATIONS», PROF.
M. LAVAGNA, POLITECNICO DI MILANO

DAVIDE BELLICOSO

davide.bellicoso@mail.polimi.it
linkedin.com/in/davide-bellicoso/

RICCARDO RAMBALDI

riccardo.rambaldi@mail.polimi.it
linkedin.com/in/riccardorambaldi/

EMANUELE TOMASSI

emanuele.tomassi@mail.polimi.it
linkedin.com/in/emanuele-tomassi/

ANDREA ARIOLI

andreal.arioli@mail.polimi.it
linkedin.com/in/andrea-arioli/

ALESSIO PROSPERI
alessio.prosperi@mail.polimi.it
linkedin.com/in/alessio-prosperi/

LUCA PECCHINI

luca.pecchini@mail.polimi.it
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