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My presentation in context ..... Engineering domains
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Agenda

« What is Space-Based Solar-Power?
« What are the main challenges/needs?

= Solution
— Process/methodology
— Bridge between Capella and System Composer
— Analysis Workflow

= Qutcomes & Concluding Remarks
- Q&A
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What is Space-Based Solar-Power about?

« Space-Based Solar Power involves harvesting sunlight from Earth orbit then
beaming it down to the surface where it is needed.

Incident solar radiation

Solar energy capture and regulation
Power beaming

Beam capture and conversion
Transmission and distribution
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What are the main challenges/needs?

Multiple actors
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Solution - Process/methodology
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Solution - Bridge between Capella and System Composer
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Solution - Bridge between Capella and System Composer
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Capella =& = System Composer
LogicalArchitecture Architecture model
LogicalComponent Architecture model
ComponentExchange Root-level port with composite interface
FunctionalExchange Connector
Exchangeltem Interface item
Datatype Interface item type
Class Composite interface

Full Article: Creating a Bridge Between
Capella and System Composer

* can be customized for other objects and mappings like requirements, profiles, etc.



https://www.mathworks.com/company/technical-articles/creating-a-bridge-between-capella-and-system-composer-or-simulink.html
https://www.mathworks.com/company/technical-articles/creating-a-bridge-between-capella-and-system-composer-or-simulink.html
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Solution - Analysis Workflow

ow Fidelity Analysis

Obijective: Find optimal combination of
the Photovoltaic (PV) area, antenna area,

and GPS area

Design Choices

* (3) Cell technology

* (3) Ground Station Location

* (2) Transmission Frequency

Ground Power
Station area
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3 x 3 x 2 =18 unique variant combinations

ThalesAlenia

Migsion Definition Analysis Set Up

Analysis Plots

SBSP Analysis Framework

Analysis Result

Define Multisimulation Parameters & Settings

Tunable Parameter List

[] cellTechnology
[] GroundPowerstationLocation
[[] TransmissionFrequency

Analysis Type [ Low Fidelity

Generate Sim Report |:Na

Optimization Weights List

Weight factor 1

Pameter Name Parameter Value S = - -
WGoundStation 1 Mission Definition Analysis Set Up Analysis Result Analysis Plots
Wantenna 30
\WSolarPanel 20 Running Simulation:  6/6
Starting Analysis for SBPS with the following parameters:
Scenario Type: Scenario #2 - Full-scale space-based mission
Target
Power 1 Analysis Type: Low Fidelity
GW] Variable paramefers:
- GroundPowerStationLocation
- TransmissionFrequency
Define Fixed Parameter Values
Fixed Parameters parameters:
Parameter Name Parameter Selection Parameter Value - CellTechnology
GellTechnology Perovskite [29% 0.3Kg/m*2]
GroundPowerStationLocation Spain [40.2085%Lat -3.7130°Long]
TransmissionFrequency F58 [5.8GHz]
# Gound Transmission |Cell Ground Antenna Solar I
Power Frequency Efficiency (%) i | Power Area Panel iciency
Station (GHz) Station (Km*2) Area N |}
Lat(°) Area (Km*2)
(Km*2)
1 40 2085 245 29 532922 0.87479 5.926 ‘Ilti
2 40.2085 58 29 25.494 0.39651 6.2034 1I84
3 51.1657 245 29 72.2886 0.89%06 5.9367 1I38
Run 4 51.1657 58 29 297018 0.45058 6.1999 'IISB
5 60.1282 245 29 103.9448 0.92118 5.9467 136
6 60.1282 5.8 29 416778 0.4762 6.2001 1R85
H 1 — * * *
objective = w1*x(1)+w2*x(2)+w3*x
On-orbit antenna |
» Solar panels area
area
[ Export To Architecture |
Weight factor 2 Weight factor 3
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ThlesAfria SBSP Analysis Framework

Mission Definition Analysis Set Up Analysis Result Analysis Plots

Solution - Analysis Workflow

High Fidelity Analysis

|Defme Multisimulation Parameters & Settings

Tunable Parameter List

[] bc_RF_Technology
D EclipticInclination
[] sPsAlignment

[] SimulationDay

Analysis Type | High Fidelity A |
Generate Sim Report | No A |

« Objective:
« High-fidelity power simulations in
. . . . Parameter Name Parameter Selection Parameter Value
various mission scenarios e
SPSAlignment WellAligned ~ |WellAligned
SimulationDay Nominal IDay ~ |NominalDay
« Preliminary mass and cost estimation
. . Run
- Design Choices
Eclipti A Total M T] Mi: Cost (BS, EROEI (-
* (3) DC-RF Technology eimason e g poson o 59 o
Power (MW) Total Launchi-) LCOE ($/MWh) Energy Paybacktime (days)
L (2) SImU|at|0n Day Mominal * @FVA=Z0G4 « tot_mass=6591 s miss_cosi=14 « EROEI=42
* @FManBus=1878 « tot_launch=106 « LCOE=191 « EPBT=21%
= (@OCn-beard Antenna=1577
. . . . . " @GPS=1051
* (2) Ecliptic inclination e
Nominal = @PVA=1833 » foi_mass=6591 » miss_cosi=14 « EROEI=42
ORISR » tot_launch=108 » LCOE=191 » EFBT=219
. . @On-::nfardAmenﬂaﬂd\BQ
« (2) SPS Alignment e

3X2Xx2x2=24 unique variant combinations
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Solution - Analysis Workflow

AI"ChiteCtu re [# MATLAB App

Platform
Architecture

" = O X
Metadata : .
Thaleshlenia SBSP Analysis Framework
Mission Definition Analysis Set Up Analysis Result Analysis Plots
Platform Sim
- | - I I N N . N N . - ‘
E nvironment I Architecture 1ofo i Starting Analysis for SBPS with the following parameters:
- I Scenario Type: Scenario #2 - Full-scale space-based mission
I ~ Main I Analysis Type: Low Fidelity
1| name Platformarch I Vot i i
I Stereotype Add... - I - TransmissionFrequency
[ |v Low FidelityAnalysisResult Select ~/1 AP oat e
I GroundPowerStationArea 25494 Km~2 I p—
4| Update Architecture with low fidelity analysis Result = X
I Antennahrea 0.39651 Km~2 |
I SolarPanelArea 6.2034 Km~2 I | ?&mﬁwmﬁ: ECN TR R e e M 1 et OR Tty et
TotalEfficiency 11.84 GHz | t | ol
I P 9 Ground Power Station Area (Km?) = 28,935 Efficiency
N N N N BN N N B N S S N S S . ) eta_pv 0.23229 I 51 thmama{wlfﬂ-m (%)
I I L Solar Panel Area (Km?) = 6.2542
I eta_DCRF 0.83 I | Total Effidency (%) = 11.75
I I I Pp— P 1 4 15.05
I eta_airy 0.83202 I Z 3 Cancel | o
1 1 I I ZELLIAE 0.83513 | 3 102085 |2.45 29 65.384 099446 5.9926 1226
I J I CellEff 29 % I 4 40.2085 58 36 30.4559 0.45105 5.0616 14.52
I N I I cellDensity 0.3 Kg/m™2 I 5 402085 58 29 28935 04877 62542 175
I i - | I I  TunableParameters e i I [} 40.2085 58 29 289351 0.4877 6.2542 1.75
I T . I I TransmissionFrequency F 245 w I
I I I CellTechnology Perovskite W I
I H f & - I I DC_RF_Technology Klystron w
I 1 I I GroundPowerStationLocation  Spain ~ I
| . } I | OrbitType GEO ol
I } ‘ I I CommsStatus on W I
i i | WeatherCondition Sun wl |
C4
i — i | spsalignment wellaligned | |
I ‘ I I SimulationDay Nominal Day ~ I
i i | EclipticInclination Mominal o) |
I L N & B BN BN § &8 & §B §B §B B | J
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Mission Analysis 13



‘ MathWorks:

Solution - Bridge between Capella and System Composer
Digital continuity

Modifications
to System
Composer

model

System
Composer
model

Capella
model

System
Composer

System
Composer
model

Capella
model
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Outcomes

« Comprehensive Understanding, systematic analysis of the mission
- Simulation of Complex Scenarios, different solar conditions, orbit variations, etc.
- Data-Driven Insights using digital models

Efficiency Improvements, optimize system components

Risk Mitigation, identify challenges early

Iterative Design, refine and improve the mission design over time

Cost and Resource Savings, reduce the need for physical prototypes

Communication and Collaboration, models facilitate effective communication

15
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Model-Based Systems Engineering at Math\Works
Managing Requirements

requirements
and use cases

System Composer MATLAB, Simulink,
Hand Code, FMU,
and more

e
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— \_ and test

system
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weight 2 Ibs modeling

power 150 W

extensible connectivity and query-based
properties views

system analysis data flow

and optimization 1
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Q&A
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