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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?

* project specific

* low efforts, short period,

small team

* enhanced complexity

fidelity
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multi-aspect, multi-domain
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More electrical Airplane:
Power Electronics

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

identified or applied.”

a possible showstopper?
workarounds?

can this be addressed during the
conceptual aircraft design process?
If yes, how?

B EMC, EMI,

W thermal

O PE general
design

O PCB, boards, ...

B miscellaneous

E sequential, ransient

PE technical issues dispatched by discipline

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

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

Implementation 7

¥ 3

Verification ?

Requirements
analysis

A

High level
esign

Detailed
design

> System
testing

Integration
testing

Unit
testing

Maintenance

Implementation

Agreement Processes

Acquisition Process
Supply Process

Organizational
Project-Enabling
Processes

Life Cycle Model
Mgmt Process

Infrastructure
fMgmt Process

Project Portfolio
Mgmt Process
Human Resource
Mgmt Process
Quality
Mgmt Process

Project Processes
Project Planning
Process
Project Assessment
and Control Process
Decision
Mgmt Process
Risk
Mgmt Process
Configuration
Mgmt Process
Information
Mgmt Process
Measurement
Process

Technical Processes

Stakeholder Requirem
Definitions Process

Req. Analysis Process
Arch. Design Process
Implementation Process

Integration Process
Verification Process
Transition Process
Validation Process
Operation Process

Maintenance Process

Disposal Process

ISO 15288:2008
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Model Types, Model Transformations and

Model Implementations

ANALYTICAL
MODEL(S)

PP iy
el
i

_— interpretation

transformation
—

ARCHITECTURAL
\ MODEL

interpretation

Where to

prototype

single place subscale
domain flight testing?

in the loop

final product/
system

Focused

Simulation
models 1

|

i

i
e

Generally not
feasible

Simulation fgtu[
Models trend?
I
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Implementation

e 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.... | @ i —
e maintain multi- | g —J
aspect and multi- | ¢ :_
domain view . @ -
| A =
T
|

II ." H“ K/%Elé\ll.?y Egeometry based deco[np.i ~ system based decomposition
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Framework Design:

Information Model
XML based: a good (low-level) solution

-~ HHOPSAN

— several standards: TORNGE

CPACS, TEI (literature) , Ecl@ss
(acquisition, components), ISO/EC
81346 (construction builiding), etc.

DYMOULA

parametric design

Object-Oriented Programming (OOP)

¢ (acausal) XML Schema XML Schema
Hopsan nMatIabn ”CATlA”
Joymol: o]
1
or W 4
Tango , .\:}Q
!
Central CAT Part
XmL CAT Product

II "LINKODING Database
oWV UNIVERSITY
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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...

XML Schema

"Matlab”

XML Schema
”Catia”

DYMOLA

Configurator

RAPID
(CATIA)

[

A

Central

v

XML
Database

CAT Part
CAT Product

0
|
1
1
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Example: Airfoil Representation

Unified parametric airfoil description [Melin T, 2011]:

airfoil representation by four
ond_grder Beziér curves:

%(1)= (-1 B, +3(1—1) 15, + 3= B, + '

WEE xs.string

@@‘@ @@

C)e[o
&y

description

attributes
@
¥p

description

S strin

Parameters
Name Var [Range %
Leading edge H
- Very rObUSt format Upper Nose fraction k, | [0.1] é ’
Lower Nose fraction k, |[0.1] -
— name describing the geometry epersde o —
~ perfect condition for (binary) |
optimization algorithms T T e B
Lower thickness H, | [0.1]
— only drawback: T T A T
airfoil with a S-shaped T ——
ey e Trailing edge ga .
Boat t:i\ afgli : E [[—Ofc.fLTi]
trailing edge unrepresentable
Release angle a |[[-r.m
Uppertrail'lgngedgefraction Kk, [[O..l]]
Lower trailing edge fraction | kg | [0..1]
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UNIVERSITY




FT2016; Ingo Staack

10 at 0001

xxfuselage.m  —

xxfuselage with properties:

name:
origin:
topClurve:
bottomCurve:
sideCurve:
centerCurve:
cs¥XPos:
csS5hape:
CCEBtZ:
UCPtZ:
BCPtZ:
SCPLY:

'fuselageSplines!
[1x1 =zxpos]

[1x1 catspline]
[1x1 catspline]
[1%1 ecatspline]
[1%1 ecatspline]

[2.090909090909051e-04 0.054545454545455 0.140000000000000 0.270905090590%091 0.301818181818182 0.92309090%090509 1]

{1x7 cell}

[0.100414782182458%
[0.003849348808580
[0.002680499448654
[0.00393150766T016

W

T:at 1.000

Example: X36 fuselage imported from RAPID

4 o ma
&

0.124144046347076 0.158758315259559 0.200231871634599 0.208773087711345
0.118844251043589 0.157195673371483 0.233855439822611 0,.252837956337231
0.102338781443703 0.211452197300955 0.368413438422219 0.339551103348670
0.157264255436601 0.226082600281460 0.3190714068269%92 0.347772387751561

(RXML)

2o at Q055

04

11

2 at 0.940

Bt faw

0.185228819621525 0.126341119766233]
0.1810139220466613 0.051243119766233]
0.166093028059933 0.057239880233767]
0.433007135881411 0.032668000000000]
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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: Signal Components:
— energy/power conversion _» — control
— power/energy control < — behavior

Al bleed air ECS
comp. Pack

loss-based pressure /
state conversion —— Pressurized air

heat exchanger(s) not shown
electric energy
= mechanic energy

gearbox high-efficiency
conversioni/control

EL radial

d
Generator Motor comp.

scoop inlet

Alternative
i (realized in Douglas DC-8 , ca. 1958) rbine il
comp. comp.

ECS technology comparison

ECS

Pack

LINKOPING
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Modelling Trends: Unified Modelling or
Semantic Handling Capabilities?

o Cyber-Physical Systems
« unified modelling or enabled model interpretation?

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

Rules Trust
Structural Functional Dat8 Proof | ©
~ ; Z
Data Logic gn
Ontology vocabulary | ©
RDF + rdfschema %n

(a) Hydr. power (b) Hydr. (¢) C-A (d) Grafcet
pack circuit net Unicode

Different (analvtical) models of a hvdraulic power supply

The semantic web approach (source: Bernes Lee)

LINKOPING
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Closing the Gap

System Design
functional

(sub)system level available subsystem
integration analysis design/architecture
/ \ '

component level

decomposition analysis

Component Design

LINKOPING
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KBE: System Architecture and
Integration of Simulation Models
KBS: System Knowledge

\ Base
N KBE: Element Knowledge
Base
Simulation .
program | | ®  serve for the translation
from meta-components
, / towards the simulation
(standard) . .
Component J, components in the library
Librar

- Legend:
project related

application related

— Static

Req. & project related data - (total) system simulation

LINKOPING
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Example Result: Simulation Model <~

Simulation
Model Code

Program

{standard)

Component

sys_hydr_GREEN

mech_coupling_roll

TH1F

Propulsion
—>
System

;
1
I
1
CON_inSig_NIero’InR
O
I
o |

1
CON_inSig_AileronL s

Control Power

System . System

Aerodyn.
a/c System

Mission

ys _hydr_YELLOW

1
CON_inSig_ElevatqrR

OO0

mech_coupling_yaw

KBS_propulsionSystem

JUnk_outeon outmechRot_Part

1
I CON_outMechRot_Pal1
1
1
1

KBS_missionSystem

CON_insig_ElevatdrL

“'-il'"“—"“‘—éon_ounvech Rot_Pal2

CON_inSig_Ruddek
1

HF

—F—O

HF

:

!
J-link_out_3oN_outMechRot_Par2

mech_coupling_pitch
)-

H*F

AeroAircrafteDOFS

D —

Anglevel_Pal12

=" CON_outMechRot_Pfin

49—

AngreveriPe

ri2
hydr_PFC

- Yellow System  |Green System | Blue System
[} -""——-‘-—__ .,__———"‘"__‘ Faser —
KBS flightcontroliSys temi — 1 aI=
| Lo I B
e ot
L d D , SpeedScope L —,CE)" 1
P | L
| =
|
i i ===l =
) ) i i Attitude Scope  CoordScope = . l==
SignalEarthCoordinates i i —| (s | E—(E
T e e '-l - m,,,,, lE
& = =
=)
| 4 =N
L ] -
=]
=
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Complexity — How to maintain a

TRANSPARENT process?
* how to hold overview? A ) * ’ b
* how to present/visualize huge A

data and complex
dependencies
(network/graph) structure

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

+ flexibility

18
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II." UNIVERSITY



FT2016; Ingo Staack 19

Graph Modelling — the Solution?

e conventional: product tree with cross-references

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

Mindmap <staticpxxgephisystem

e > Graph model .,

superclasses:
» xigephinode
» xugephiedge

Hopsan working, edit, analysis
and parsing routines

Network
Model

graphical user input

. " - s
modelling domain usbing position, - ® =
; xxdsm s cluster - s ) http://wwi.gexf_net/1.2draft

.- . Sgexf . xsd
| ._ LaTarviatiom
based on: class - ! 1 @

[+

Dependency
Structure Model

xxhopsansystem ;i
-, Probabity 1w 08
. [ s e
script — | based on: class .hmft o
< | (metaModel of (—}HDDSEH) xxfta
E hapsan madel file) dsm nomenclature.xsd
hmf = superclasses: By | based on class
{Hopsan—>] % whopsancomponent Y 9!.5-'.',-_21.&. f‘.-f-”'t'-”»w.i ¢ o | graphical repr. by
z _ badprwatls  _--- Jedog) ottvibuzis | = Q| Hopsan, Biograph,
E T T —. emmm P ' L ' A £ @ | DSM and Freemind
1] w rEduction Y 3 £
E ) . g <
wara g 1-5
an_hmf Definition 0.8.x xrf Lol DEM |
Ijg?s;;m'— finitien O.8.x shnole DEM'S Lintp

i
pllg TS kA

® B @ M- CANet o

AT |
4 > xxcan - | ¥ 1 )y
® static " | + Biograph 00 eetatickxxdsmspatial
E actually * DSM matrix? A TAT ———
EP 5 | "only” parsing L \ Y| £ actuolly “onfy”
= B | functionality” ETAETY B plotting
E = ' "'\\ | & 2 | functionality”
= S = B | (special case of)
< - s multi-domain
ChannelfgencyNet Definition w0 2. DSM
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XML - FTA

& zm1 version="1.0"..
=) faulttree
& zmlns http://www.kenwaytech.com
& info Created by xxFTA.makeXML X..
& project Thiz iz a FTA tree..
=]~ event
& description actuation system fails
& level z
-2 OR
#---|J) bottom
=i} event
& description aypply system 1 failure
& level 3
|-} AND
#---|J) bottom
+--IZ) bottom

20

EE L Actuator 1 failure

| |Probability |1e-06

{3 Actuator Sys.  AND |

EE t Actuator 2 failure

({3 Hyar sys fails ) OR J

Probability [3e-06

= W Supply Sys.

Probability |1e-07

o System related FTA analysis

« OOP MATLAB
implementation

e automated system reliability
analysis possible?

 Weak point: FMEA!

Probability

(Descriptive)
Reasonably Extremely Extremely
JAR | Freguent Remote
a Probable Remote Improbable

Failure FAR Minor Major Catastrophic
condition
severity
classification

JAR Minor Major Hazardous Catastrophic

e Using:

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

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

LINKOPING
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Conclusion

v automated simulation
integration process

v knowledge base approach

v backed by the XML language

family
v Good
adaptability o o
v Simulation

model
graphics

i

Ny

. 2%

-
-
-
-
-
-
-

e

-1

Design Simulation
Com;iler > Model Code \
\ b '
1 (standard)
Component
P

Librar

design compiler/
configurator integration

requirement — KBS
translation

Graph based implementation

Simulation
Program

7
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Generate
system
instance

Flatten
system
hierarchy

Export to

Gephi

Networking...



AeroAircrafiGDOFS

KBS_missionSystem

1HF

=

- KB§_propulsionSystem
1

1HF

KBY flightcontrolSyste

HT
>>» myHopSys.devFlattenAll
System Flattening done!

W
A

>> myHopSys.exportGEPHIsystem
Created XML FTA project file "wholeACsimulation

\ TANAY: A aih @inder 7
Translatioigal Spring_1 Subiggct 5 6

|
Translationa| Spring_4

ot 1 nan7min il Spring_7
Slati 5
e i"?\m'm iassgiol
Translatiomal Spring_8
Hﬁ;s w_1

1

Sul e I Spring_2
& S8 Ram@ational Spring_6
\,
Mechar@iLink
G: nL SpekisarfBiLink_2

component
placement




ingo.staack@liu.se
https://www.iei.liu.se/flumes
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Additional (XML) Benefits

e re-grouping of complex-

e ca. 100 Components; ca. 200 connections. multidiSCiplinary systems

=101

File Edit Wiew Insert Tools Debug Desktop Window Help x | A X - ”Optimized” Subsystem
t:lﬁﬂ-é”ﬁ LML L 2| 08| ad BEODEA0 grouping
n ] n
i i — separation of different systems;
of 2 3 ¢ & 7 BT 8 nwTRB e.g. control system extraction
'1 [ -
2 i
3t . o“oe % L A o
4+ - ok .t Q‘ ¢ s e se oy ®
g: i | ool }' 'EEE)
10+ B al 'g
[ ] i 12 + — [ ] ﬂ
i16f - or *
5r y a0 "
T . N
8r 7 Al i‘ F‘ L4
141 . I i
al - ’ NN
13| - 8oy o
15+ . o0 A
0 —t -ttt 1 11 I 1 I 1 | o m @ w o = @ wm & @
n n n
A
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‘ 2° Testcase:

Hopsan(XML) in Matlab

= _ : (Sub)syst em

e System analysis:

) ac6dofTotalSystem \ E f ;12]9_4

Connection Matrix

i ] R /e P |
Constant_3  Sin| ... Signalat” N ABTOUEIENG., - AeroFuelTank
Agrofircraft B ~
Signal Attitud
Pulse
Angle & Velo...
Sink_1
Sink_2
SignalPllead
Angle & Velo...
TAngle & Velo...

11 |AeroletEngine

12 |Angle & Velo...

13 |AeroFuelTank

14 |Angle & Velo...
15 |Add

Save & Close I Cancel I

NERES
Tl
{1
|

ocoooooc &

e

1

=
=

4

5
6 |
7

8
EN

coocooo@-—oooooo
coooooO0o0o
“ooooo®o

o= o =0

NEEEEEN,
B-E-E B

iodoBxedl
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Rt

Simulation
Program

{standard)
, Component
Libra y

EngineRegulator

PropulsionSystem |
B e e )

Valve

Right elevator

Left elevator
PressureSystem1
4},_7\’

\ _ PressureSystem2

*._ Rudder

Emergency supply

LandingGearSystem

description
—_— s

AeroAircraftéDOF
SignalAttitudeControl
Pulse

Angle & Velocity Source
Sink_1

Sink_2

SignalPllead

Angle & Velocity Source_1
Angle & Velocity Source_2
AeroletEngine

Angle & Velocity Source_3
AeroFuelTank

Angle & Velocity Source_4
Add

Coocoooomooo oo oConstant3

moOoCOOOOOCOOOO o | Aeroletingine_1
Ok ke bR e e O - o AeroAircraftDOF
Ok O R ORRPEOOR R o olSgnalAttitudeControl
~ococoooooooo oo olAerdetEngine

= 0 ocooooooo oo o o|AerofuelTank

cocooocoooooo oSk
Coocooococoomoooo cPuse




Conclusion

v automated simulation
integration process

v knowledge base approach

v backed by the XML language
family

v" Good

e

[
Project data I

adaptability Fepmmmndss [ O \i;“.?:f.‘éz:e “

. "
. . Certification ¢ v
v Simulation -~ b
)
model u
graphics '
S

-
-
-
-
-
-
-

(standard)
Component

design compiler/
configurator integration

requirement — KBS
translation

Graph based implementation

Simulation
Program

7

Librar
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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)

A
CFD Methods FEM Methods Level 2
|
_'51 (e.g. FUN2D (e.g Noise CBA% o
T MUSEC, NASTRAN) Prediction (e.g. CATIA
TETRUSS) (e.g. AVATAR) ProE)
£ Vortex Lattice Level 1 rL\level ! Vortex Lattice
= Methods Structural oise Methods
3 (e.g. WINGDEY, | Analysis Prediction GAP <:a.g GAP
= VORVIEW) (e g ELAPS, (eg AN_OPP. VORSTAB)
PDCyl/PDArb)| | PBOOM)
Empirical Empirical Empirical Empirical C}AP Vehicle
g Methods Methods Methods P.'Ielhods . Darcom? Sketch
9 (e.q. EDET, | | (e FLOPS, | | (e.g FLOPS) | | (e.0. FLOPS) e Pad (VSP)
O'Brimski) ACSYNT) l{ureerared:
Aero Structures/ Noise Emissions S&cC Geometry
Weights
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