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1.Introduction” °

Airbus is dealing with approximately

80% of Models
Coming from different partners and
suppliers

Challenges:
e Integration
e Interoperability
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2.FMI Standard and Airbus A long but Episodic Stc;ry - e = 242

FMI Standard And Airbus: Not a New Story

Share Usages, Needs and
Expectations

Member of FMI Advisory Committee

Create An Airbus Community for FMI B 6th Modelica & FMI Conference -

ho ? Airbus GR 2025

FMI Status and next steps Initiative 2021
15th Modelica Conference - 2023

FMI 2.0 Assessment - 2016
FMU 3.0 Release 2021

Recommendation: use

White Paper - FMI 2.0 as much as
FMI 1.0 Evaluation - 2013 for AIRBUS Possible
Group

. FMI 2.0 Release 2013
Commercial

Aircraft FMI has been spread

FMU 1.0 across all of our Divisions

Release 2011 at each Product Lifecycle
Step

ITEA2 MODELISAR project 2008 - 2011 AI RBUS
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3.Why FMI @ AIRBUS? .

Because of the complexity of our products

Complexity means: We are using more an more models, we need to integrate/interoperate more and
more models, coming from a wide range of heterogeneous sources in the most efficient way!

For instance: Time constraint leads to Take some shortcut like rebuilding the model in order to
avoid the issue to integrate it ... but ... in reality, we have longer Integration Time and we need to
add other verification/validation steps in order to ensure that the new model provides the same
results as the original one.

Due to some other constraints, Airbus also has to ensure proper traceability and have updateable
data instead of dead reports or documents.

The FMI standard and its implementations through the different tools
is a promising way to solve the previous issues and to ease and
improve our ways of working

AIRBUS
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4.FMI @AIRBUS Today -
4.1. Global Overview

The Standard is used in all programs within Airbus (Legacy and and next generation) and in a
wide range of activities
At the different levels of the product development cycle

FMI is used to support the Design, Verification and Validation phase.
Physical tests (test benches, ground tests, flight tests) are an important part in the product
development.

Today SE/IMBSE is no more a nice to have at Airbus but it is a mandatory requirement.

We are deploying it at a large scale and FMI is an enabler (ease the way to exchange models, reuse
models and contribute in an indirect way to improve our teams efficiency).

AIRBUS



16th Modelica & FMI International Conference L"ucern‘e, Switzerland,
EMI Standard and Airbus - Usages Ngeds and Expectations

4.FMI @AIRBUS Today
4.2.1 CoC Powerplant

The work linked to the ECOPROP project, done in collaboration with ALTEN partner, has been funded by the DGAC

To Perform Design verification with the Specification model Co-Simulation of the model with PBRs for Design Verification
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The design parameters evolve with
each iteration until convergence
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Optimal system design

Our goal is minimizing the mass while respecting a time performance objective : { |
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4.FMI @AIRBUS Today -
4.2.2 CoC Aircraft Cabin

" Early analysis, optimization and risk mitigation
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4.FMI @AIRBUS Today - A
4.2.3 CoC Systems

Javo

All simulation Models (Real Time or not) used for Validation,
Verification & Training Simulators

Requirements and guidelines to support the development of
i models, and environments for i ion and
egchange of models

AP2633 is an Airbus standard for :
=> Process
=> Documentation
=> Software in term of : FMI
@ Encapsulation ( Interface and control ) Compatible
4 Model portability

__tool

N < AVESM |
Why Not FMI ? | |

* Airbus standard elaborated by ex Airbus partners for ] AP2633 simulation
System Model Simulation Exchange in 1999/2000
Y 9 Dymola FMU2AP2633Wrapper

_ Tool export platform
* Normalisation Process to fix development (included
operational use) and exchange Model simulation (Doc [
& Interfaces) > Simulink -

fmu
* Aircraft Modularity leads simulation architecture (and - Wrapper
not the Simulation Tools)
‘ Adams AP2633
* Test Cases ( Validation &Verification) aspects are 1 Wra pper

generalised & mandatory.

Rhapsody

Scope of AP2635
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4.FMI @AIRBUS Today - A
4.2.4 Space Systems Division

kFI\}II Use Cases and Processes for Space Applications

Co Simulation
Model Exchange ?

*"éystema frni s

Cl on T
Thermal Nodal Model | > ?'L'JJH&
Power Model ‘
Wrap FMIv2 into a il
SimTG Model Pt .
; " S &= (4. Siulle
fmi - fmesCysimog, | — B9 (&)

Co Simulation
MATLAB (Constraint = Discrete Model Only)
SIMULINK ‘:> | =D . Integration thanks to SimMF Wrapper
Space Environment 2. Integration with other models using SimMF or
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-

All Physical models
(RF ..)

Generate Serialization (To Be Done)
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5.FMI Level of Adoption, Usage Limitation - . : = S
5.1.FMI Level of Adoption

2011 2015

== , n:j FMI 3.0

|
1
|
1
1
1

1

Mainly Bug corrections Techhical Features

Algorithm Optimizations Improvements
L:ayered Standards
Principle

Ecosystem around FMI

Licensing Topic, IP
considerations

Airbus Adoption Level => Qut of the Standard

Exploration mode

2.0 Formal
' Assessment
" Done

E:> FMI is recommended

WHO ?

Airbus FMI
community
(= 100 Engineers)
Gsite, Confluence pages

WHERE ?

Usage in Power Plant,
Cabins, Systems, Tests,
Next Gen Program (Fuel

Cell Systems, H2
Systems, ...), ...
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5.FMI Level of Adoption, Usage Limitation
5.2.FMI Usage Limitation

Some statements coming from our teams:

"FMI is a complex standard"

"FMU is difficult to integrate and deploy"

"After integration, debugging of the suppliers' FMU is hard"

"How can | be sure that the IP of my FMU is protected?”

“Short summary of our struggles are the interfaces, e.g. cutting a mass flow is not a great idea sometimes.
However, how system boundaries are built, we still have a mass flow as an interface sometimes. Leading to

all different kind of instabilities.”

“Second issue is that sometimes supplier "abandon" their support for updated versions of an FMU.
Especially in the case of black box FMUs, we cannot simply reverse engineer the FMU to update the

system.” AIRBUS
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6.How To Improve ?

Then how to make the situation better ?

FMI 3.0 improvements will help for sure, with its new non-negligible features (arrays, new state machine,
events, clocks, terminals, ...).

With its full ecosystem around (SSP, eFMI, export functions in existing modeling toolchains) and its new layered
standards concepts (XCP, BUS, Struct, REF). From a technical point of view FMI 3.0 is very promising.

How can we better communicate and demonstrate to our users that they can go to FMI without having
too big technological step ?

We should also be able to distinguish issues related to the standard itself from issues linked to the standard’s
implementation.

For some implementations, according to the version of the tool, the way to produce FMU is not the same.
People need to navigate through this maze. Alone it’s difficult and may lead to stopping the initiative. How can
the implementers solve this issue ?

This is the challenge we are facing today, in order to deploy FMI at a large scale in our teams. AIRBUS
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7.Conclusion and Way Forward

Expectations

We want to go to FMI 3.0 BUT ...
We want to have a clear vision of implementation status
We want to make FMI “easy” to use
- - Guidelines on main topics
- Recommandations
- on the way to use it
- on the way to improve performances
We need to have some comparison (e.g. eFMI // ED247)

Usages :

We are mainly using the FMI 2.0 version of the FMI Standard:
All along the V Cycle
Considerening FMI as a strong enabler of End to End Digital Continuity
We are using FMI to exchange models (between our different teams and different suppliers)
We are using FMI in order to be able to save time (development, integration, ...)

AIRBUS
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