POLITECNICO
MILANO 1863

MBSE-aided reverse
engineering of an
Interplanetary Space
Mission

Arioli Andrea | Bellicoso Davide | PecchiniLuca
Prosperi Alessio | Rambaldi Riccardo | Tomassi Emanuele

SWISSED



TABLE OF CONTENTS

MISSION DESCRIPTION MBSE APPROACH REVERSE ENGINEERING

FINAL DESIGN CONCLUSION

SWISSED22 | MBSE-aided reverse engineering of an Interplanetary Space Mission 2



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-Llevel Scientific
Objectives

- Global mineralogical mapping of Mars surface

- Study of the global composition and circulation of
the martian atmosphere

- Perform surface morphology investigation

- Mapping of the distribution of waterin the upper
portions of the crust

- Perform flybys of Phobos and collect images of
Martian moons

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

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

- Study of the interaction of the upper atmosphere
with the interplanetary medium and solar wind
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Incoming trajectory

Credit: lllustration by Medjialab, ESA 2001 /\
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OPERATIONAL ARCHITECTURE
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FUNCTIONAL ANALYSIS
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V-DIAGRAM

Reversed approach:




MISSION ANALYSIS
REVERSE ENGINEERING

SMA [km]
ECC
INC [deg]

RAAN [deg] EarthMJ2000Eq
AoP [deg] Epoch: 02 Jun 2003 19:27:25.594

TA [deg]
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SunEcliptic
Epoch: 12 Jan 2004 02:51:2

SR

MISSION ANALYSIS

REVERSE ENGINEERING

0.4974 m/s

0.7542 m/s |
0.4240 m/s |
0.5777 m/s |
6.9737 m/s |
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MISSION ANALYSIS
REVERSE ENGINEERING

MarslInertial
Epoch: 07 Jan 2004 13:34:10.592
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;= V[eg (o]l 496.9609 m/s
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SK (yearly) 9.0946 m/s

MarsInertial
Epoch: 07 Jan 2004 13:34:10.592
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MISSION ANALYSIS

REVERSE ENGINEERING

FINAL PARAMETERS ACHIEVED
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INCLINATION /
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MISSION ANALYSIS

JUSTIFICATION

From Mission Requirements

Q

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

3

refipe efines

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

cost shall not exceed
300MEur, including margins

- M-0001 The total mission

Q

- M-0002 The mission shall
have a duration of 1 Martian

year (687 Earth days).

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

n
satisfies

o

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

- F-0002 The mission shall
be able to land on the

)
Q
- M-0005 The mission shall exploit

the heritage design of components
from previous flown mission.

Martian surface.

Q
- E-D003 The system shall be compatible
with the predicted energetic particle
environment for all mission phases.

Q

E-0005 The system shall be
compatible with the standard EMC
requirements

o

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

(]

E-0004 The system shall
be compatible with the
micrometeoroid

(R]

- E-0006 Standard cleanliness and
contamination requirements for
interplanetary mission shall apply.

(=]

- E-0002 The system shall be compatible
with the thermal-vacuum environmental
expected during all mission phases.

' refines
Q
E-0007 The system shall be able to

endure the mechanical loads during all
mission phases.

refin

predicted for
all mission phases.

From Mission Objectives

POLAR ORBIT

HIGH ECCENTRICITY

HIGH SEMIMAJOR AXIS

LANDER
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Q

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

MISSION ANALYSIS
REQUIREMENTS

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

v

atisfies

o 1
! | - E-MA-0001 The system shall

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

survive the space environment
during the interplanetary cruise

Q

- E-MA-0002 The system shall
survive martian astmosphere
entry and descent

Q

- E-MA-0003 The system shall
survive launch and separation
from the launcher adapter

Q

Q

= 1-0001 The system shallrbe

compliant with the Soyuz-
Fregate specifications.

- M-MA-0002 The system shall

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

refines ! :
Q

>

from launch

- M-MA-0004 The system shall
orbit Mars for at least one
martian year

o

- M-MA-0007 The system shall
perform flybys to Phobos

réfings
I

- F-MA-0004 The orbiter shall
pass over the lander landing
spot at least TBD per week

reach Mars SOI within 7 months | :

- M-MA-0001 The system shall
be inserted on an interplanetary |-
leg starting from a circular
parking orbit

efine$

Q

- M-MA-0005 The system shall
be launched from Baikonur
Cosmodrome

refines

Q
- F-MA-0002 The system shall

efines

Q

- F-0002 The mission shall be
able to land on the Martian
surface.

refines

Q

- F-MA-0003 The system shall
be able to harmlessly land the
in-situ experiments on the
Martian surface

be able to perform s
in order to adjust the orbit
around Mars as required by the
Mission Operations Centre

Q

- F-MA-0001 The system shall
be able to perform a Mars
Orbit Insertion upon arrival in

SWISSED22 | MBSE-aided

Mars SOI

refine:

Q

- M-MA-0009 The in-situ
satisfiepayload shall not break upon
arrival on martian landing site

(]

satisfies

rendezvous with Mars

- M-MA-0010 The system shall

\ | - M-0001 The total mission cost
1 | shall not exceed 300MEur,
including margins

- M-MA-0008 Part of the
system shall land at Isidis
Planitia (11.6° N 90.74°E) within
an error ellipse of 20x100km

fies

Q

- M-MA-0003 The system shall
perform trajectory control
maneuvers in order to bring the
satellite on a collision route with
Mars

reverse engineering of an Interplanetary Space Mission
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THERMAL CONTROL SUBSYSTEM

COMPONENT COATING CONFIGURATION

E LE CTRI C POW E R T ' Frontshield Black kapton Folded
SUBSYSTEM yils Vacuum

| J ) Backshell deposited Folded
INPUT DATA ( { 4 aluminum

Max Eclipse time
Orbit Period
Max daylight power budget

Chemglaze

Backplate 2306 black Folded
paint

Eclipse power budget Instrument Teflon gold-

platform backing Uriiatletes]

P, @ 1 AU of Si solar cell

Inherent degradation factor

Peak Power Tracking (PPT)

Degradation factor Si- cell %l/year MARGINS ESTIMATED VALUE

RESULTS Dry mass 0% 555 kg

REAL VALUE

Total Solar Array Area Thruster 10% From MA

Total Solar Array Mass (+hinges)
Main engine 5% From MA

Propellant mass Inherited 433 kg
Max volume tanks 10% (3% on masses) 213 L
Pressure Ox tank Inherited 13.72 Bar
Pressure Fuel tank Inherited 13.44 Bar

Low pressure Gas side Inherited 13.72 Bar

PROPULSION SUBSYSTEM A fully deployed Beagle 2 replica
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COMPONENT RELEVANT FEATURES MASS POWER

a)1,65 m diameter
b)X-band and S-band

c)Cassegrain system

d)Centered paraboloid main reflector
e)hyperboloid dichroic sub-reflector
f) circular polarisation

HGA ~25 kg

W in S-band

Torquemax_rw

a) quasi-omni-directional
LGA b) S-band 2 ~1.2 kg each 10 W each
c) 40cm long

Amplifier output power 48.4 dBm=69 Watts 7kg each 65 W each

a) X-band transmitting at 8420 MHz
Transponder b) S-band transmitting at 2296 MHz 2 5kg each 14 W
(output power 37dBm)

wIu \\ \

RFDU 1 \\ \

3dB Hybrid Mo

aiifle il ~75g passive

51.4 kg (8% ~ 184 W (36%
of total mass of total power
budget) budget)

TOTAL

TRACKING, TELEMETRY &
TELECOMMUNICATION SUBSYSTEM

SWISSED22 | MBSE-aided reverse engineering of an Interplanetary Space Mission

20 W in X-band, 5 PHYSICAL PROPERTY

ATTITUDE DETERMINATION AND
CONTROL SUBSYSTEM

Text_mean | DEG/S RESULT REAL VALUE MARGIN CONSTRAINT MET

Null because

180 deg /360 s < 0.0914 Nm 0.075 Nm worst case o
perturbation

are assumed)

Needs slightly less
than 3 orbits in
worst case
scenario

1.5357e-04 Nm >12.29 Nms 12 Nms 100%

THERMAL CONTROL ATTITUDE & ORBIT CONTROL
& Acty alers

SOLAR ARRAYS
= Sicalls

660 W @ 1.5AU

STRUCTURE
= A honeye
B

Credit: ESA bulletin 98 - June 1999
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TCS

* EPS:
* OBDH:

* |nstruments:

- ADCS: ADCS

Disposal: Passivation of
batteries
Configuration: Solar
Arrays unfold

STR: Loads on Solar

Ar
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STR:

PS:

ADCS

DESIGN EFFECTS

ADCS: Fine attitude for

HGA
Configuration: A
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FINAL DESIGN
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