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Systems Engineering Process
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Goal
AIRBUS —

Model the system, its variability and the analysis process using SysML
Integrate calculation results from models from different disciplines in different tool formats

Automate the analysis in a scalable asynchronous execution environment
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Overview
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SysML Model

Feature model
System model
Parametric Analysis model
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Domain Model
Execution
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Analysis Result Storage

At the moment:
Excel, Simulink, Anylogic,
P7, FMI, Python, GEMS
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Feature model
AIRBUS —

«FeatureModellingDiagram»
class Regional Aircraft FM[ Regional Aircraft FM ]

«Feature»
Regional Aircraft Root

«Mandatory» ({Mandatﬂry))
«Feature» [F] D «Feature» [F]
Range «Alternative» —(] Propulsion Type
«Alternative»
«Alternative» T T«A lternative»
«Feature» «Feature» «Feature» «Feature»
Short-Range Mid-Range Combustion Propulsion Electric Propulsion
- L

«Conflicts»
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System model
AIRBUS —

bdd [Logical View point Package] V ariability Modelling Regional Aircraft [ Regional Aircraft BDD ])

«block»
Regional Aircraft ablock»
parts - Landing Gear
fuselage : Structure =
propulsion System - Propulsion Sy stem mass - mass[kilogram] = 2500.0 kc {rr"ax = 3000.0, min = 2000.0}
vallles
mass : mass[kilogram]{unit = kilogram
«blocks
I «ExistenceVP»
Battery System
«block» values
Energy Sforage pyste Bjttery Energy Density - Number =0 54
L pacity - energy[megajoule] = 25000.0 MJ {unit = ‘egai:u e}
? Peak Pow er Draw : pow er[megaw att] = 10.0 MW [unit = megaw att}
FPow er Bectronics Eficiency : Number = 0.95
Exf*tlocm = Pow er Bectronics Pow er Density . Number = 0.5
- Efficiency : Number
Jet Fuel System Energy Loss : energy[megajoule]{unit = megajoule}
Maximum Pow er Loss : pow er[megaw att]run = megaw att}
mass . mass[kilogram]{unit = kilogram
0.1
«block» «blocks
Fuel Tanks «BExistence\/P»
values Additional Fuel Tanks
mass : mass[kilogram] = 2000.0 kg {unit = kilogranT values
mass . mass[kilogram] = 500.0 kg {unit = kilogram
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Parametric Analysis model

Decomposition
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act [Activity] Regional Aircraft Analysis Paper [ Regional Aircraft Analysis Paper ]/

in regionalAircraftin : Regional Aircraft L

[ELSE]

o

(output=SIlELECT(input, ‘'energy 3}//6e System‘))

[ISTY PE(SELECT(input, "energy Storage
System"), "Battery System")]

Calculation Paper

:Regional Aircraft Range

th

- distance[kilometre]

)

output : Battery Sy Aem |7%

in - Battery Sysj&m

System Lookup J

th

out : Battery System

batterySystem : Battery System

PDATE(inputValue, 'energy
stem’, batterySystem)
inputValue : Regional Aircraft

outputValue - Regional Aircraft

[]

- Regional Aircraft

pircraft - Regional Aircraft

putValue - Regional Air

totalMass - mass[kilogram]

/| out range :distance[kilometre]

out totalWeight : mass[kilogram]

Scripts
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Parametric Analysis model
AIRBUS —

Behaviour Model
in in : Battery System |— Reference N

|
'ract [Activity] Battery SystemLookup [ Battery SystemLookup ]J l

. Battery System

extract battery input values

y
w er Bectronics Pow er Density ’}{’Eak Fower B/A\r ’]?attery Energy Density w er Bectronics Eficiency
( : Battery System Characteristics )

Weight Hficiency Maximum Power Loss

L|: Battery System

™

( update mass )

- Battery System - Number

: Battery Sysie"l.,:[ update efficiency )

- Battery System

- Battery Syste

- pow er[megaw att]

: Battery System

. { out out : Baﬁery System I
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Model relations

bdd [Logical View point Package] V ariability Modelling Regional Airc

raft[ Regional Aireraft 80D ] J

«blocks»
Regional Aircraft

fuselage - Structure

propulsion System : Fro\ilsi

on System

valuel
mass mass[kilogram][un\\'I:-gran'i,'

!

\

«blocks»
Landing Gear

mass : mass[kilegram] = 25000 «g

ax = 3000.0, min =

«block»
«ExistenceV/ Ps

Battery System
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«FeatureModelingDiagrams
class Regional Aircraft FM [ ’éé;' Regienal Aircraft FM ]

)

«Features
Regional Aircraft Root

«Mandatorys

«Mandatorys

Additional Fue\Tanks

mass - mass[kilogram] = ZGBD 0 kg {unit = kilogramy

mass : mass(kilogram]

500 o\f, nit = kilograr}

\

\

«block» values *
Energy Storage System Battery Energy Density : Nurmber Y \
ggp'?%y : enggy[rregajoul[e] = 25001{:].0 Iml :_]u N " «Features
ak Pow er Draw : pow er[megaw att] = 10.0 MV att} . )
T \ Pow er Bectronics Efficiency : Number = 0.95 whtternatives wAlternatives Propulsion Type
«ExistenceV P» EOIV:‘EF RIS stV ber = 0.5 whlternatives whlternatives
TCTCy oo ——
Jet Fuel System \ Energy Loss : energy[megajoulel{unit = megajo e —
Maxiﬁ:Jm Pow er Logsys[ 2 pg\ud er[n]\‘ege‘aw attl{unit = v att) «Features b LE] sFeatures «Features
mass : mass[kilogrami{unit = kilogram} SNOM-RANGE e Mid-Range Combustion Propulsion Electric Propulsion
0.1 T F 3
«block» oy ——— T EEE CoTTTTTTTTmmmmmEEEmT !
Fuel Tanks «Bxistencyly P m— aConflictss

[Activity] Regional Aircraft Analysis Paper[ Regional Aircraft Analysis Paper ])

in regionalAircraftin : Regional Aircraft I

[ISTY PE(SELECT (input, "energy Storage
System"), "Battery System")]

Regional Aircraft
[ELSE]

|'output=SELECT(input, "energy Storage System”) ‘\

( :Regional Aircraft Range
Calculation Paper

distance[kilometre]
out range :distance[kilometre]
th

output : Battery System

in : Battery System

:BatterySystem Lookup )

out : Battery System

batterySystem : Battery System

outputValue : Regional Aircraft

x

outputValue=UPDATE(inputValue, 'energy
‘ Storage System', batterySystem) P«
inputValue - Regional Aircraft

Regional Aircraft

mircraft : Regional Aircraft

totalMass = ROLLUP(inputValue, "mass")
'ﬁ‘j aircraft =inputValue

D—)‘ out totalWeight : mass[kilogram]

inputValue : Regional Airc raft "

“totalMass mass[kilogram] J
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Workflow
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Executor Status

AIRBUS ‘ Central R&T - Disruptive Industrial System Modeling
Running DoEs and VAs

Home Parametric analysis model

Parametric analysis

Name Definitien 1D D Type Start time Run Request ID

1D: 9f9df5e5-451e-44de-91e1-26abb2796ad0 Regicnal Aircraft 9f9df5e5-451e-44de- 154309c9-e989-4bba- f54309c9-2989-4bba-

Analysis Paper 91e1-26abb2796ad0 8434-2c3904242101 S a few seconds ago 8434-2c3904242601
Data Types Name: Regional Aircraft Analysis Paper
i Running experiments
Feature Modelling Diagram 30/20 I Lines 2t 72.0% opacty. | Hide Ticks
——— (ast [Activity] Regional Aircraft Analysis Paper [ Regional Afrcraft / s Definition 1D D Start time Run Request ID Type S
in regionalAircraftin : Regional Aircraft +—— —————— out:totalWeight
Regional Aircraft 9f9dfSes-451e-d4de- 860ch230-07c6-4f04- a few seconds ago 860cb230-07c6-4f04- SAMPLED
Show graphs in VOWL (ISTYFE(SELECT(npu, “energy §1 Analysis Paper : variant... 91e1-26abb2796ad0 8edd-65706ae59%e34 o Bedd-65706ae59e34 ,__,yﬁoé‘x
1), T .
—Sutentl, Baten Slenl] e ginal Aircraft 9f9df5e5-451e-44de- 101d2fd5-348a-44a5- P —— 101d2fd5-3482-44a5- ST ?
Show graphs in Protege [E.SE Analysis Paper : variant... 91e1-26abb2796ad0 bead-4d867161¢c76e 9 bead-4d867161c76e 3,600
output=SELECT(input, 'energy §
. Regional Aircraft 9f9dfSes-451e-44de- 522b5b1f-d3be-450c- o Fa . 522b5b1f-d3b6-450¢c- 3,400
DISM Homepage l oupul:Batey S nalysis Paper variant..  91e1-26abb2796ad0 a10e ad4f0385174c a few seconds ago a19e ad4f0385174c S HLED
n Bt SBEM g gional Adrcraft 9f9df5e5-451e-44de- 15004049-228a-4cb3- P ——— 15dd4049-228a-4ch3- STVEIE et
L m Lookup Analysis Paper : variant... 91e1-26abb2796ad0 a3dd-a64a227d7890 9 a3dd-a64a227d7890 20004
XRV Homepage s
Regional Aircraft 9f9df5e5-451e-44de- 67076cb9-759¢c-497d- 67076ch9-759c-497d-
t : Ballery Syster a faw : -
PRV Analysis Paper :variant..  91e1-26abb2796ad0 8320-41674chéeedb a few seconds ago 8320-41674cbbeedb S HLED ;;.}300!
batterySystem : Batti
atpuVaiueUPDATEIpary Regional Aircraft 9f9df5e5-451e-4dde- 15b7d91b-97d4-4008- P 15b7d91b-97d4-4008- YT 2600
Storage m', batter, Analysis Paper : variant... 91e1-26abb2796ad0 888b-550820c6251e g 888b-550820c6251e
Regional Arcraft 9f9df5e5-451e-44de- 67520dbf-6331-490f- o few sozonds a0 675a9dbf-6331-490f STV 2
J: Analysis Paper : variant... 91e1-26abb27%6ad0 b768-030844d0f5cd o b768-030844d0f5cd 2,200
Regional Aircraft 9f9df5e5-451e-44de- 1ec6eda?d-3984-defd- Al enTRE D 1ebeda2d-3984-defd- SAMPLED
o Analysis Paper -variant.. 91e1-26abb2796ad0 87f3-06b86dB8b4bd < 8713-06bB6dBEbAb 2000y
inputVal
1,800
Running tasks
1,600
Inputs ST
ID Experiment ID Start time Type i
Parameter 1,200
78f1323f-72cd-4¢30-a801- 860cb230-07c6-4f04-Bedd- n fow seconds 200 GEMS
b617ed211a10 65706ae50e34 9 1,000
ED & 10 81fc22e6-4570-4586-95fe- 67076cb9-759¢-497d-8320- P — P a0
S0sacTIdeis47abo  39b8DO27bd0S 4f674chbee3b 9 \
regionalAircraftin - - h
Ua29f51948e0 aa9da273-461a-4574-a7f1- f5b7d91b-07d4-4008-888b- a few seconds ago GEMS —gp
fb671e3210ef 55082006251 9
Outputs f50d4049-228a-dch3-a3dd-
f5c68f38-bact-40f1-0b44-f0af4ef0bf87 e a few seconds ago GEMS
Fagriices e43fee58-f5hb-4504-8037- 1c6eda2d-3984-4efd-B713- s fow seconds a0 GEMS
5b732a131931 06b86d38b4bd 9
Nam el ® £6422a91-a503-4380-abde- 522b5b1f-d3b6-450c-a19e- bR CENS
o CBaEaeT 5043301 2e. 16595678771b ad4f0385174c
9 d21d51507(25 0f9bdd52-5874-4990-bB77- 101d2fd5-348a-44a5-bead- afew secands ago GEMS
B a2fcbabd-434a-4cd4-238- 3a6fa130bbb2 4d867161c76e
GICERRREENED 9ead22db-ebab-4422-be6a- 675a9dbf-6331-490-b768- P ——— R
94edd7c2556b 030844d0f5cd 9
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Scalability
AIRBUS —

one

Study

Variants

Uncertainty sampling - Hundreds per variant

Dozens per study

Experiments

Domain Model invocations : .\- Dozens per experiment

Thousands per study
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Summary AIRBUS

Using the same tool and language for modelling a system, its variability and the analysis ensures
consistency

Meaningful analysis requires integration of data from different disciplines
Scalability needs to be built into the execution environment from the beginning

SysML v2 will have Analysis case and Trade-off analysis as explicit classes rooted in the
metamodel
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