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DDMS @ Airbus
OUR CHALLENGES

Step change in our operational efficiency across
the whole lifecycle of our programs and products

Increase maturity

Product Industrial
system Operability

Enable customization

Product line, Decoupling
Modular approach

Cut the development
Lead Time

Start of concept / MG3
to Entry Into Service

Aviation Safety

v

OROICAD

Robust production ramp-up
Design for Manufacturing Robust
production set-up Flexible
production update

Quality
Mastering of our industrial system
Continuous improvement of the cost

Zero AOG
Operational availability
& reliability

Design
for value

=

Sustainable

Support Services
ambitions

Customer Loyalty
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DDMS five pillars

Modelling and

simulation
Allow to have a virtual
world to be able to model
and simulate the A/C, the
industrial system and
services

MODELLING/SIL_ATON

Transformation & competences

=2 g

Co development &
Integration

Make all the disciplines
(engineering,
manufacturing, customer
services, supply chain of
the partners) working
togetherin a single process
and single environment

Identify and develop key skills and competences to the business and existing programmes

Digital continuity

Everytime you change a
data everybody getaccess
to this data and know what

Is the impact of the
modification we have done
on the complete tool chain

Productline
Reduce non-added value
variability and stop
variability propagation
through modularization &
standardization.

Enforce reuse in product,
industrial & services.

= b pillars
Il provide
capabilities
to the
business to
create values
on the
program
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DDMS five pillars

Transformation & competences
Identify and develop key skills and competences to the business and existing programmes

|||The Product

i/ P R Line Pillar
L A g s i [ S .
Productline vaU|red for
Flexible modular 2021 even
architecture : - e
Decoupling architecture h|gher P”O_”ty In
principles the realization of
Standardization the Airbus Digital

Systematic approach through Tran SfO rm ati on

Systems Engineering of the
product, industrial & services
systems considered as the
system of interest
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DDMS Modelling and Simulation key development axis

Modelling and F - N Digital continuity

i, | Rl e [ ORE Product Line is closely linked to the Modelling
| & Simulation pillar due to its realization through
°°°°°°°°°° L P | e smart principles, reuse mechanisms and

sssss

| i WL (S semrae reference modular architectures

modification we have done
SSSSSSS 0 developmen on the complete tool chain

= Smart principles, reuse mechanisms and reference modul! = Global ontology (from Marketto Service) to create the back
architectures to enable the Productline approach bone for model based continuity (connect all the models)
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= Multidisciplinary optimization approach going across disciplines » Industrial system modelling and simulation (going much
(Engineering and Manufacturing for instance) to support trade-off beyond the flow rate simulation)
~_analvsis

+ Definition of actuation + Margin (space) definition (Ref. 1)
D

g
system architectures and  + Design space exploration of wing-systems
high-lift devices
+ Check clashes and gaps | ™~
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Model Based Product Line Engineering
(MBPLE) Guiding Principles

Integration with UAF

and MBSE framework

o UAF

w ARCHITECTURE
FRAMEWORK®

The methodological sphere of Product Line Development is
strongly related to the Modelling & Simulation pillar mainly for its

close relationship with MBSE but not exclusively...

PLE solution based on

standards

PLE-based Digital
continuity

Reuse of Smart

Principles

Product Line Definition
with Datamining and

AIRBUS



MBPLE Foundation
Building the enablers and backbone of the
product line development

MBPLE Foundation

A 4 A 4 A A 4

[ Process ] [ Methods ] [ Ontology ] [ Tools ]
Defines “WHAT” Defines “HOW” Enhances “WHAT” & “HOW” Enhances “WHAT” & “HOW”
|z
(]C:) o% Feature Modeling Based on a Standard S L Tool
= E > Method > Modeling Language B et
g 2 - €tho asSysML2 , <S>
G |8 Requirements b p PLE-toolchain
o] - e
- 3 Based on existing and Variability Based on Feature
é g  under-development Definition Model Language Requirement
|'_-|-_'| ~§ international standards Ma nagement Tool
(TN]
> Variant Modeling > Plug-ins for Al and
o] Method in SysML Collaboration
—
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Product Lines @ Airbus Defense & Space
From Legacy systems to product lines

End to End system
\

Ground segment S/C product: S250,5450, S950 Optical, S250 or S850 Radar

NN

=)

Space legacy
systems are identified
In order to establish a

w nerce [~ speotous ) [ rieem J | Commonalities across

Ground Segment
Variants

obus extended avioncé E Bropuisionvaiantc NAOMI variént v re Used mecC haniS m
productvariant N y1e chanical and thermal Platform based on product
lines
Reuse
Mechanism Reuse Reuse Reuse
_——— — Mechanism Mechanism Mechanism

S e

GS product line = =
Astrobus product line E-propulsion

catalog

Naomi product line
catalog

catalog product line

catalog
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Product Lines @ Airbus Defense & Space
Starting from defining variability in Requirements
to enable their reuse

<<Feature>>
Spacecraft
Automatic Control

<< Requirement>>
The spacecraft shall control the
orbit using control center order

<<Requirement>>
The spacecraft shall be autonomous
to control the attitude

&//

—F—’ll//

C] Common

Optional

Optional

Electrical Ehamrere Dicapec R spoita i
P = :“Ea Ihe spacecralt shall prefer deplo! gble electrical rop'zjlsion Re q uirem ent
fopu'sion . electrical maneuver when possible ploy mechanismp P
\ 7\ /
/-’/'
Unique / fixed p— One (set of ) artifact(s) covering the mandatory feature
<<Feature>> << Requirement>>
PCDU Output The PCDU sharable output power limitation
Common
current shall be configurable by SW. Q Var One (set of ) artifact(s) covering the commonalities
ariant 1 Optional +
<<Feature>> D I S C r e t e One (set of ) artifact(s) covering the variability of the variant
Standard PCDU =sFosture=2 -
e High PCDU Output Re quirement
<<Requirement>> & <<Requirement>> 5 One (set of ) artifact(s) covering the commonalities +
The PCDU shall provide 12 outputs The PCDU shall provide 10 outputs Discrete One (set of ) artifact(s) covering the variability of the variant A +
power sharable between heater and power for heater and 10 outputs for One (set of ) artifact(s) covering the variability of the variant B + ..
equipment. equipment.
Continuous / One (set of ) artifact(s) covering the commonalities +
] parameterized One (set of ) artifact(s) covering the parameterized variability
L <<Feature>> << Requirement>>
Launcher Ring The spacecraft launcher ring shall be
Interface compliant with Arian5. () Gommon
DeriveReq D Parametrized P a’r am et r Ized o = e + D + D + One (set of ) artifact(s) covering the commonalities +
<<Parameter=> Re u i re m en t P —_— e One (set of ) artifact(s) covering the project specific items per project
#MaxWeight = XT <<Requirement>> q

The spacecraft shall weight less
than [#MaxWeight].
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Product Lines @ Propulsion Systems

The variety and complexity of Airbus products lead

to high products variability

Commercial Aircraft
How to manage the

variability?

What is common and what
IS variable?

Variability 4.; '

drivers

Variability for the Propulsion Scope

Military Aircraft

*3

-

B » B
Tank Installation  Refuelling method Engine Power  Propulsion
Tank type Refuelling system  Engine Type Technology

KTank amount

~

HagH
® il ©

Mileage Range

/

10

The product porfolio
IS incredible huge and
Includes very complex

products. Finding
opportunities to
reduce variability
requires a very
structured approach
and is not always
possible
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Product Lines @ Propulsion Systems
Model Based Product Line Engineering Framework

Domain
Engineering

Application
Engineering

11

Features & Configurations

«Feature» ]
Aircraft Variability

«Mandatory» -
-
& Y

N «Mandatory »

«Feature» = «Feature» [E]
Aircraft Operation Aircraft Range
<
«XOR» 7/ N «XOR» «XOR» / ~, «XOR»
/ \ / N
K A v N
«Feature» [F] «Feature» [E] «Feature» () «Feature» [F]
Commercial Military Medium-Range Long-Range
==
Legend EL DEMO
/" Selects S
B oo i i og
O H i
g5 a8 85
S &g g
S8 %52
5 EZ§E
2288 =&
-1 DEMO 33 21 2 1
.[Eg] Configuration 1 4 NN
[FC] Configuration 2 4 2/ A7
:...[E€] Configuration 3 4 S /7 s

Asset Variants

Propulsion
System
¥ L]
e
i A
‘Engine Type1‘ ‘Engine TypeZl ‘ Body Tank | ‘ Wing Tank |
Propulsion Propulsion
System System
‘ Engine ] | Tank | ‘ Engine l ‘ Tank ]
‘Engine Typezl ‘ Wing Tank | ‘Engine Type 1| ‘ Body Tank ‘

The variability Is
defined in the
features and the
variation points are
built-in the
correspondent model
arfifacts.
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Product Lines @ Propulsion Systems
Feature models definition for the product line

variability

& Raquares “Ligd
- Faquires: “High™
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ﬂTanh
/-HTE'}:
T TankHaatar § Terwtiuantity HT&*J:E
@ Rocuires: "Ligd = nlank = T, 4
- Conficts: "Gag ® CAUDAL
_— ¥ TorkFao
f@ .pgm res "Tank2"
1 Tank e
-
B T e
- | w Ligad 51'0| o Conficts “Tarkd™
| StorageSystem] [ 1 Storagelismb "|<: 2=
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- Faguires “Tank2"
| | Sworageinsulati || Foam_STO |
A Vacuum_STO
[ MEWM1<:|H SafaTad|
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§

Feature models are
created with the
support of a PLE-tool
to prove part of the
MBPLE
methodological
approach, using the
current propulsion
variability
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Product Lines @ Propulsion Systems N 0.
Building Variation Points in the model artefacts to O

enable their reuse and instantiation AT

| VARIATION POINT: EXISTENCE |

.
Features helps defining

.Logtaeurwmm- i . . . .
B-v 1 ® InternalVariability W variation pomts in the
E] v 1 ® DistributionSystem Wegnt forceinen ton] = 20000 m ines Welgntunt = new ton
| E-v 1 ® DistributionTechnology gt e model artefact.
: -4 DeltaP v - 7 —~ 77
P g» a Pump 7 Z
The reuse mechanism
comm— offered by the PLE-tool
. : A Variation Point Existence shall be created on the desired element. :
Any Feature that can disappear in a
! . 43 Recommendation is the use it on definition* element and not their usage. This guarantee enables the SEleCtlon Of
configuration can be used to define an A . - ) .
existence point that generation of 100% Configuration keelp |nt'0 account all the element uSage. . the feature and a" Its
Optional In the example' you see how the Pump don’t exist when the feature Pomp is not selected in connecte d mo del
I . the configuration ,
Alternative . © Pump «LogicalComponent»
or SYSML Element: i 6 Relatons elements.
Block, Activity, Requirement, Port, Connector, -0
Flow Property B
* Definition/Static Usage/Dynamic
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Product Lines @ Propulsion Systems
Building Variation Points in the model artefacts to

enable their reuse and Instantiation

| FEATURE CREATION — ATTRIBUTE- MBSE-(Parametric Variation)

v 1 ® InternalVariability

v 1 ® DistributionSystem
v 1 ® DistributionTechnology
@ ® DeltaP
> @ E Pump

v 1 ® StorageSystem
v 1 ® StorageDistributionKind
@ ® Liquid_STO
®® Gas_STO
v 1® Tank

v %'5 bar'
@ "DeltaP"
v %'15 bar'

@ "Pump”

v @ Pmax =5 bar"; '1,5 bar'

150% e 100%
logiealComponents Storage System ‘ heater,
llu:l-s:ann e, sLogicalCompaonents
T TankHoater \
TankHeater
o (subsets subWeight}
o cainy, o
m}!" 1-w1- Tank ) :
i Frammars - prasscrefidopascaflredetnes toia :':L.:::M“ Lt el ,-1.5§:“‘tfh(veaﬂne~.:-.arvveqn(m bv.n::m,s’J.
s s O it
| Y Spec of cperty J
o o R o o o e A primitive propertyVariation Point
T RS in Cameo retrieve the value of the
«, I 2 o] o op Propertes: A8 ) ) )
%m:’““fm:;%m:wwwm‘“’” == attribute Pmax, that is given by the
B, || = configuration/variant in PureVariant.
1! Tracesbany Spectying Uersent
Owning Template Paramater
proamsboperls
5| /Q Type wer 1o
Oose L) o Meip
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Features helps defining

variation points in the
model artefact.

The reuse mechanism
offered by the PLE-tool
enables the selection of

the feature and all its
connected model
elements.
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MBPLE @ Airbus DDMS '
2020-2025 CapabilitiesTrajectory
Dicital Al for
ISita MBPLE
Mir;:l?:\g Continuity
Modeling Principles for MBPLE
MBPLE Product Lines  ___
Methodology ~ With MBSE Tl
and SE ,,, e
integratic I A
*The year represents the pointwhere the MBPLE capability will be mature enough to be applied @ Airbus AIRBUS
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Thank you
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