< ) MathWorks

MathWorks Model-Based Systems Engineering

Practical use-cases =» bridging the gap

Stephan van Beek Marco Bimbi
Principal Application Engineer Principal Application Engineer

svanbeek@mathworks.com mbimbi@mathworks.com

© 2024 The MathWorks, Inc.



4\ MathWorks

MathWorks Model-Based Systems Engineering

/o ©
Stakeholder il Use Case ‘i’ @
Needs “®® Diagram | )

Architecture  Analytics Design

: | Optimization
Functional T Functional ,
Requirements === Architecture I | C/C++

Simulation

System = Logical & Software
Requirements === Architecture === Architecture
A
Hardware - Hardware - Physical é
Requirements === Architecture === Architecture

Reporting

-3 Requirement link === Allocation link =—==3» Component reference



a_ﬂ MathWorks:

Practical use-cases in context ..... Engineering domains

4 )
/ Systems Engineer, youN H

Trade studies @

; Software | Safety
l | FPGA y,

0

Stakeholders
Internal/external

=

f? Mechatronics

Other Systems Engineers &
\ System Architects / 3




4\ MathWorks

MathWorks Model-Based Systems Engineering, Trade Studies
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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 (SBSP) 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

a ko~
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What are the main challenges/needs?

Multiple actors

Static point of view Dynamic point of view




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

L sz [T | Mewmodel | WECIH) | Aifacts )
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Customization” i Postprocessing i
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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.
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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

Mt SBSP Analysis Framework
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Tl SBSP Analysis Framework

Solution - Analysis Workflow e il
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Solution - Analysis Workflow
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Solution - Bridge between Capella and System Composer
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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
18
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Concluding Remarks

Expandability:
This framework (Bridge and Analysis) is designed to be expandable to the
next phases of this study and other missions/projects.

= Cross-tool operability:
This framework demonstrates operability between Capella and System
Composer and other MBSE tools .

19
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MathWorks Model-Based Systems Engineering, Safety Engineering
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Safety Analysis, Detection / Mitigation and Verification are key

activities in the design of engineered systems

Requirements =—

Ao

U
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Fault Injection
Testing
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Safety & Design are parallel activities — Standards Example
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How Safety Analysis Is Done Today
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Dim Columns
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Dim ColumnTable

For Each Column In Columns

et ColTyvpe = Column.Property

ColTypeIype ColTvpe. Propert:

If ColTypelype = "Cbject™ The:
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>

[Monitor | Loss of Protection _|Loss of shutdown |ModuleName:#1

{Monitor]l |Loss of Redundacy |[None

/Monitor2 [None iNnne
[Loss of Thrust
{Monitorl |Loss of Control |Control [ModuleName:##4

Requirements

Non Model-Based Safety Analysis is ...

—... decoupled from design work
—... complex and complicated

c —... error-prone
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Why Model-Based Safety Analysis is the way to go
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—Synergy: fault modeling, FTA, tests
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How is fault injection done today
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Model faults without modifying Design

N ft_fuelSys_Arch
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Model faults without modifying Design

N ft_fuelSys_Arch

OB E B BB o4
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[ ft_fuelsys_IntModel » [)ft_fuelSys_Arch (ft_f

HW_SV
< HW_

thraottle @ — > throtth

speed@B— > speed_

r
Add Fault x
.

Add a fault to a model element and specify the fault properties. To manage the fault, access the fault properties by

clicking on the fault badge in the model or by opening the Fault Table pane.

Basic Properties Description

Model element:  ft_fuelsys_IntModel/ft_fuelSys_Arch/HW_SW Conversion/Outport/1
Fault name: sensors_fault

Fault information saved here... Help

——

~  Fault behavior: | Stuck-at-Ground ~

Custom fault behavior...
Add fault behavior to:  ft_fuelsys_IntModel_FaultModel Absolute Value

@ Add fault behavior Help

Fault library:  mwfaultlib

Add Moise

Trigger type: Always On
Inject fault behavior throughout the simulation.

d MathWorks:

Where the
> faults is applied
in the model

What's the
— behavior when
Injected

Trigger type: [Always On
Inject fault bel=

Time/condition
>— when to be
injected
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Recap — Fault Analyzer Capabilities R B
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Model-Based Systems Engineering at Math\Works

System Composer MATLAB, Simulink,
Hand Code, FMU,
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system analysis data flow
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Practical use-cases in context ..... Engineering domains
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Interchange with SysML v1 models

SysML Connector

impart SysML madels iMo System Composer

Import your SysML v1 models into System
Composer.

Export your System Composer models to SysML v1
« Limited to architectures and interfaces
*  We are investing in a SysML v2 solution to replace this

T rerquesst the SyshL Connecior
s e, maklwar ks comiproductsl sysml himl

Syvie Cavproe
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. Mathworks

i Matkworks

Our Vision for Tool Interoperability: SysML v2 support

MATLAE & Simulink

SysML v2 E}{_ -y - __>{ Exter;::vsiir::m. v2

Repusrtnry
- S o

]

Please feel free to ask about our plans to support SysML v2
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