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Agenda

• MBSE in Aircraft Systems Conceptual Design (ASCD)

– new challenges and motivation

• Model Types & the Use of Models

• Modelling Approaches / Integration

– by means of KBE

– Graph Modelling
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Why Conceptual Systems Aircraft Design?

• multi-aspect, multi-domain

• project specific

• low efforts, short period,
small team

• enhanced complexity
fidelity
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More electrical Airplane:
Power Electronics

4

”….the most significant common
lessons learned are within the
EMI/EMC discipline and could
become showstoppers if not
identified or applied.”

source: Michel Todeschi and Frédéric Salas (Airbus),
”Power Electronics for the Flight Control Actuators”, in
Recent Advances in Aerospace Actuation Systems and
Components publisher = {Institute National des
Sciences Appliquées (R3ASC), Toulose, France, 2016

• a possible showstopper?
• workarounds?
• can this be addressed during the

conceptual aircraft design process?
If yes, how?

source:
http://www.jobyaviation.com/LEAPT
ech/ (accessed 2016-09-07)
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From the Free-/Water-fall towards
Concurrent Engineering

• see also: top-down vs. bottom-up approach

ISO 15288:2008
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Model Types, Model Transformations and
Model Implementations
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Implementation

• change from risk management
to management of complexity & details?

• from pure mechanical engineering towards
software (data) engineering, systems
engineering and project management

• conventional (eventual OOP), graph based,
causal/acausal….

• maintain multi-
aspect and multi-
domain view
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Framework Design:
Information Model
• XML based: a good (low-level) solution

– several standards:
CPACS, TEI (literature) , Ecl@ss
(acquisition, components), ISO/EC

81346 (construction builiding), etc.

• parametric design

• Object-Oriented Programming (OOP)

• (acausal)
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XML Based Tool Integration

• Strict design space limitation (robustness counts!)

• CATIA model topology different from the XML data setup

 complex data translations required

Tornado

DIBA

TBD…

RAPID
(CATIA)

CAT Part
CAT Product

Configurator

Central
XML

Database

XSLT
Parser

XSLT
Parser

XML Schema
”Matlab”

XML Schema
”Catia”

Tango
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Example: Airfoil Representation

Unified parametric airfoil description [Melin T, 2011]:

• airfoil representation by four
2nd-order Beziér curves:

– very robust format

– name describing the geometry
 perfect condition for (binary)

optimization algorithms

– only drawback:
airfoil with a S-shaped
trailing edge unrepresentable
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xxfuselage.m

Example: X36 fuselage imported from RAPID
(RXML)
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One Dataset – Different Low fidelity
Geometry Representation
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Modelling Approach:
Power Components vs. Signal (Control) Components

Power Components:

– energy/power conversion

– power/energy control

ECS technology comparison

Signal Components:

– control

– behavior
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Modelling Trends: Unified Modelling or
Semantic Handling Capabilities?

• Cyber-Physical Systems

• unified modelling or enabled model interpretation?

• ”the right tool/method for the right topic”
(efficiency, transparency, effort)

FunctionalStructural

Behavioral

The semantic web approach (source: Bernes Lee)

Graphical
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Closing the Gap
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System Design

Component Design
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KBE: System Architecture and
Integration of Simulation Models

Req. & project related data (total) system simulation

KBS: System Knowledge
Base

KBE: Element Knowledge
Base

• serve for the translation
from meta-components
towards the simulation
components in the library
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Example Result: Simulation Model
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Complexity – How to maintain a
TRANSPARENT process?

• how to hold overview?

• how to present/visualize huge
data and complex
dependencies
(network/graph) structure

• tool efficiency (e.g. build-up and
maintenance of KBE tools)

• flexibility
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Graph Modelling – the Solution?
• conventional: product tree with cross-references

• --> Nework of nodes (instances) and relationships

•  Graph model



XML - FTA

• System related FTA analysis

• OOP MATLAB
implementation

• automated system reliability
analysis possible?

• Weak point: FMEA!

• Using:

• XML format “Extensible Fault Tree Object
Model” (XFTOM)

• graphic representation using mind map
“Freemind” format (.mm)
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Conclusion

 automated simulation
integration process

 knowledge base approach

 backed by the XML language
family

 Good
adaptability

 Simulation
model
graphics

• design compiler/
configurator integration

• requirement – KBS
translation

• Graph based implementation



Generate
system

instance

Flatten
system

hierarchy

Export to
Gephi

Apply
filter(s)

Apply
sorting

algorithm

Return to
Matlab

Split
systems

User-
friendly

sim.model

Apply
component
placement

Networking…



Networking Roundtrip
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Additional (XML) Benefits

• ca. 100 Components; ca. 200 connections.
• re-grouping of complex-

multidisciplinary systems
– ”optimized” subsystem

grouping

– separation of different systems;
e.g. control system extraction
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Testcase:
Hopsan(XML) in Matlab

• System analysis:
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Conclusion

 automated simulation
integration process

 knowledge base approach

 backed by the XML language
family

 Good
adaptability

 Simulation
model
graphics

• design compiler/
configurator integration

• requirement – KBS
translation

• Graph based implementation
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What is the “optimal” amount of details?

• Quantitative assessment of uncertainty possible
(knowledge, overhead)

• application / topic dependent (system design vs.
component design)

29FT2016; Ingo Staack


