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Model-Based Systems Engineering

Model Based
Mechanisms

E Class associlation

L

E Subclass

* Formalization of information
* Object oriented concepts

Systems Engineering
Characteristics

£ Thermal

dependencies

EITTC

£ Power

* Increasing performance of Systems
* Increasing role of dependencies

:> We can formalize the description of a satellite system
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but the model will be large.



Divide et Impera (Divide and Conguer)

Plug-in Mechanism

Satellite System
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* Exchangeable Subsytems

* Generically resolve
dependencies
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Knowledge Base
a) Parametric Rules

mass = g : \/(1 +4- diameter2)3 - strength - density

a) Topologic Rules

[ Create! Opt cal eate [ CreateSen:
Instrumen rO Radiome try

KV x m:
R LVLY

* Straightforward expression of
engineering knowledge

* Declarative expression of
knowledge



Design Language Information Hierarchy
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Design Process Satellite

Mission
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Integration| System

* Power * Orbit
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 Launcher

Payload ‘ Requirements (external) \
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« CAD * Mass ) » Structure (prim., sec.)
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« AOCS Simulation * Communication Budge « Power
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« Attitude control « Attitude control

* Orbit control 21 | B » OBDH
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Source: ,Satellite design by design grammars*
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Design TTC System

Kommunikationssystem

1 1
- Downlink : :
Uplink : 1 : |
: :
1 1
Bodenantenne Strecke Satellitenantenne ' Transmitter & Verstirker Datenquelle
k), powerAmplifier - gainAntenna - gainGroundAntenna

No  boltzmann - noiseTemperature - downLinkRate - lossLine - lossSpace

Requirements to the satellites antenna:

* gain
* wavelength (lossSpace)
®* mass
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Selection Antenna

Kommunikationssystem

Downlink
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Uplink

Bodenantenne Strecke
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Choice Solution Principle and Embodiment
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Performance TTC System

Kommunikationssystem

< Downlink E i
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Bodenantenne Strecke Satellitenantenne ' Transmitter & Verstirker Datenquelle
Ey, powerAmplifier - gainAntenna - gainGroundAntenna

No  boltzmann - noiseTemperature - downLinkRate - lossLine - lossSpace

78 2
: diameter
gainAntenna = n- 7

T . 3 .
mass = 3 \/ (1 +4-dtame:‘er2) - strength - density

2
mass = power-massFactor 4+ baseMass
powerAmplifier 0
power ,
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Design Process Satellite
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Create Solar Panels

dS: CreateSolarPanels

i design rules:
1% CreatePanelSystem . L.
i * cells with low efficiency
s CreateIBodyPaneI
V are cheaper than cells
ifg with high efficiency
5 ConCalisosingenncion —== 7T * more efficient cells are
i ' cheaper than more panels
«Interface»
> sPg
a‘—:-— R CastCellToSICell e—‘%-— FI¥ CreateFlapPanels

L= ¢RCreateExtendedPanels —

~@ delivered power [W]

500! 1 Panel 3 Panels 5 Panels
400¢
300;
200¢
100¢
required power [W]
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Design Process Satellite
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« Attitude control
 Orbit control
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Analytical Evaluation

* Mass =134 kg

* Size:
¢ length = 420mm
e width =400mm

resolution [m] * height = 390mm

w
100 i;
h
mass 20 ‘I\
»
[kg] 300 |

nigeee * Mass = 308 kg
* Size:
T ¢ length = 600mm
wavelength [nm] e width =560mm

* height = 510mm
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TTC Design Decisions

‘Wellenlinge [nm]
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Design Process Satellite

« Communication
* Orbit
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‘ * Mass
e Power
* Operations
Integration | System
« CAD * Mass
* Thermal * Moments of Inertia
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Thermal Design

Attribute: Temperature

100.00
91.95
83.90
70.84
67.79
58.74
51.69

43.64
30.608
27.63
18.48
1143
338
-4.68
-12.73
-20.78

-26.83

;'t ______________________________________________________________________________
4 SOLAR_POWER lation
#
# QO SOLAR with ETA_SOLAR (ca.
# be provic solar arr
#
SUBROUTINE SOLAR_POWER LANG = MORTRAN # Calculate Power of SolarArra
C SOLAR POWER 00 Aftribute: Temperature
Q_SOLAR = 0.
C SOLAR PANEL 1 250,00
O_SOLAR = Q_SOLAR + Q83154 23257
Q_SOLAR = Q_SOLAR + Q83155 21515
Q_SOLAR = Q_SOLAR + Q83156 197.72
Q_SOLAR = Q_SOLAR + Q83157 180,20
s 162.86
to 14544
O SOLAR = Q SOLAR + Q822212 128.01
Q_SOLAR = Q_SOLAR =+ QS22213 11058
Q_SOLAR = Q_SOLAR + QS22214 9316
Q_SOLAR = Q_SOLAR + QS22215 7573
C Power by solar cells 5630 ;
POWER_SOLAR = Q_SOLAR * ETA_SOLAR 0.8
RETURI
END 23.45 v
c 6.02 X
11 41

-28.83
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Thermal Design
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Design Process Satellite
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Harness Routing

Different Routing Rules:
1. Attraction of cables
2. Attraction to wall

3. Strong attraction to walll

A

- cost

distance fmm]
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Thinking MBSE Further

competence S

pragmatics <

. . S .
capability of model synthesis and-analysis
[F CreateOptical Create FFCreateSensor
SensorOptics Radiometry

with arbitrary boundary conditions reateOptic
o - . . .
YR Tl

~

R ,‘—“ 7 ‘ .‘
1 |2\. ||3 v |4 Y
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(CreataNntical

EE]EB Create
s/ [RICreateSensor kn OWI ed g e .

Radiometry
semantics -

/ é patterns, couplings

CIs) Create
SensorOptics

AV

information «__

syntax
=i information representation, ~
;' p Q FireSatPayload

M, formats, interfaces
apertureRatio : m

4 /
4 1
referenceAperture : m
ZI referenceMass : kg

! I
~<y
referencePower : W
absoluteRateError : Hz

data T
named values: 11010101, 10111011, 01001010,
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Thinking MBSE Further

thank youl!
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