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Qutline

e Context: MDO at ONERA

« OpenMDAO for overall design : example of FAST-OAD
 OpenMDAO for advanced methods development and teaching

e Generating OpenMDAO code from a web application : WhatsOpt

» Feedback and future needs
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Context
Why do we use MDO ?

* Pioneering the future of air and space transport, incorporating the related
technologies, developing the supporting design tools

o B

/

Towards low footprint civil air transport Reusable space transport
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Context
How do we do MDOQO ?

Development of various fidelity parametric models for the relevant disciplines,

[ ]
coupling into an MDAO process, development of numerical exploration methods
Global surrogate
based Adaptive DOE,
optimisation, multi-fidelity
mixed variables, surrogates,
L multi-objective, advanced

S . MDF formulations formulations, UQ
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L% ,j’(: /Adaptive meshing, efficient solvers,\

-7 \U (coupled) adjoint methods, BLISS-
,/:30‘&\9 like formulations
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55,._.(1”5 ONERA This document and the information contained herein is proprietary information of ONERA
and shall not be disclosed or reproduced without the prior authorization of ONERA.

FRANCAISE
Libert ___,.--""____-______‘“--\___
Fpatind 1€ FREMCH AER A A

Frarerwied



Context
What about the framework ?

« Early ages (before 2015)

— Assessment of various off-the shelf or internally developed solutions :
Phoenix Integration’s ModelCenter, DAKOTA toolsuite, Matlab scripts,
Excel-based MDA, ...

— Identification of the main needs : open-source, standardized,
flexible framework, to be shared with many partners, with possible
custom adaptations

— Final choice not to develop an internal solution

> &@mﬂﬂ DNO

 From 2015 : side developments around OpenMDAO to meet our specific needs
— Need for application-specific MDO processes -> example of FAST-OAD (part I)
— Need for shared use-cases for publication and teaching -> some examples (part Il)
— Need to help the architect through code generation -> WhatsOpt application (part 111)
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Part | — The FAST-OAD aircraft design code
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FAST-OAD: an OpenMDAO based aircraft sizing tool
Needs for conceptual design

* Assembly of disciplinary modules in a consistent, parametric process able to size a
given aircraft upon Top Level Requirements (Range, PAX number, span,...)

— Exam p I e Of ap p I i Cati O n fo r BWB [Flelass RAerodynamique OpenMDAO (ExplicitComponent) :

= def removeOQutputFile (self, filename):

External aerodynamics Handling Qualitie= = try:
o E e e os.remove (filename)
=l except OSError:
pass

=] def setup(self):

##4#Definition des entrees
self.add input('run RZero', val=np.nan, desc='Booleen pour
self.add_input('aerodynamic_table minimal_altitude', wal=n

A self.add input{'asrodynamic table maximal altitude', wval=n
Mu.l‘:.'d.'sc:'pfmaty self.addiinput('ae dynami table altitude number' , val=np

\ design . self.add_input{'ae dyna “table minimal mach' , val=np.na

» o process T —— self.add input('acrodynamic table maximal mach', val=np.na

self.add_input('aerodynami 1 _number', val=np.nan
self.add input('aerodyna 1 coefficient
/ - self.add input('aer

self.add_input('ae:
self.add input('a
self.add_input('ai:
self.add_input('a
self.add input('a
self.add_input{'airfoil_technology_coefficient_section
self.add input('angle of zero 1ift', val=np.nan, desc=

- ngspan_di
il technology coeffi

Performance

— 4". 2 self. addﬁinput (' :abini ctangular part length', val=np.
: b A self.add_input({'cabin triangular part length', val=np.nan,
i w." £y J i self.add input('cabin heicht', val=np.nan, desc='Hauteur d

self.add_input('engine number', wval=np.nan, desc='Nombre d
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FAST-OAD: an OpenMDAO based aircraft sizing tool @%@ﬁ
Code overview

* Christophe David, Scott Delbecq, Sébastien Defoort, Peter Schmollgruber, Emmanuel

Benard, Valérie Pommier-Budinger, From FAST to FAST-OAD: An open source framework transport aircraft (geometry’ Weight’ HQ,

for rapid Overall Aircraft Design, 2021 IOP Conf. Ser.: Mater. Sci. Eng.1024 012062.

https://github.com/fast-aircraft-design/FAST-OAD

11 vars

r‘
6 vavars handling_qualities 2 vars

FastOAD* conceptual design framework:

* OpenSource framework developed by
ONERA/ISAE-Supaero

* Based on OpenMDAO

* Automates MDA/MDO for simple and rapid
OAD studies, concept evaluation and
optimization

* Includes Level O disciplinary models for

aerodynamics, mission/performance...)

* Modularity of each discipline model to include
higher fidelity modelling
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FAST-OAD: an OpenMDAO based aircraft sizing tool
More insight in the implementation |

A4
s
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« Each FAST-OAD model is a standard OpenMDAO component, simply associated to a FAST-
OAD identifier

openmdao.api as om
fastoad.api as oad

I @oad.RegisterOpenMDAOSystem(
MyModel(om.ExplicitComponent):

setup(self):
.add_input( [...1)

— Currently two open-source libraries of models are available, one for CS-25 A320 like
aircraft (https://github.com/fast-aircraft-design/FAST-OAD _CS25), one for CS-23 general
aviation (https://github.com/supaero-aircraft-design/FAST-GA)
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https://github.com/fast-aircraft-design/FAST-OAD_CS25
https://github.com/supaero-aircraft-design/FAST-GA

FAST-OAD: an OpenMDAO based aircraft sizing tool %égﬁ
More insight in the implementation

. . . : Sample OAD Process
Models are assembled through a configuration file

to define the MDA :
- ../my/folder/for/custom/models

Modules can be custom, or coming from available - /team/folder/for/custom/models
distributions through pip install

Modules (or submodules) are called through their
unique identifier

OpenMDAO problem is automatically generated
connecting variables with the same name, and 1/O

Input file

files are generated [*"™ ¢ |

: my.model

: fastoad.geometry.legacy
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FAST-OAD: an OpenMDAO based aircraft sizing tool %%@ﬁ
More insight in the implementation R AN

« A set of pre- and

post_proceSSIng R G ey it i " — o s e sstancs
: gy T [FAST-OAD] CLve detance
- . 3 = |CBRAS ref] aXitude vs dwtance
tools is avallable’ . _— g R = e
= 7 o g £ o
based on Jupyter notebooks ’ : k-
L - I’;‘“‘ —— [FAST-GAD] thrust vs distance
" oot [FAST-DAD] Pusl vs distance
15K o [CeRAS ref] thrust vs distance
s £ i1+ [CORAS ref] Pust vs distance
g s ‘Iu__,u-.-'-'-""-"- 10k g
pa— e T £ \ I 8
£
H 4
Mass Breakdown I i i R
Range [NM]
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FAST-OAD: an OpenMDAO based aircraft sizing tool

Some achievements

« FAST-OAD used as a base tool for application-driven method developments and

assessment of promising novel concepts

=3 4 T 5
e o ;i =

process: applications to aircraft design,
AIAA Scitech 2022

Paul Saves et al, Bayesian optimization for mixed
variables using an adaptive dimension reduction

Fuel consu

Mixed-variable global optimisation of an
hybrid-electric DEP transport aircraft

]

~

Maximum Take-Off Weight Breakdown

Refarence-FixedWing
SBW

LH2
SBW-1H2

[ka]

0
MTOW OWE Fuel - Mission Payload /
=

Conceptual design of a strut-braced
wing hydrogen aircraft
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Part Il — Some other applications using OpenMDAO
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Additional studies using OpenMDAOQO capabilities
Open MDAO applied to UAV design

 PhD work of Luiz F. Tiberio Fernandez (ONERA-ENAC)

— A tail-sitter vehicle was designed for 13th edition of the International Micro Air Vehicle Conference and
Competition.

— The MDO process originally consisted in 3 disciplines: aerodynamics (OpenAeroStruct), weights and
performance. After wind tunnel and flight test campaigns, the modules were refined and a propulsion
analysis (CCBlade) was added to account for available thrust.

— As future work, trajectory optimization and control feasibility will be addressed within the optimization
loop, using DYMOS

e T e e o cm-:) y 700K crns, conts 399, o 390 399 T e ey e ey ‘
(i T%"“ e -
ms.l i s CDpiss Swing
e
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Additional studies using OpenMDAOQO capabilities
OpenMDAO / DYMOS for global sensitivity analysis ?

Goal : use DYMOS for UQ for launch vehicle in an framework coupling
All-At-Once (AAO) formulation and pseudo-spectral optimal control

Sensitivity Analysis : DGSM - Derivative-based Global Sensitivity

Measures d 2
L’Eg} = / (—f(U')) P(u)du
rd \ dy;

Need to compute derivative of optimal objective function with respect to
uncertainties (and not design variables)
-> use of post-optimality analysis

—  Sampling of uncertainties according to u~®y(+)

—  For each realisation of uncertainties > AAO coupled with DYMOS optimization

—  Post-treatment of optimal results to provide the derivative of objective and
constraint functions with respect to uncertainties (frozen parameters during the
optimization, that are not considered as constant for the global sensitivity analysis)
- post optimality analysis by gathering Lagrange multipliers from Scipy optimizer

—  For this study, need to harcode Scipy wrapping fortran methods (slsqp) that are
quite complex to maintain

Uncertainty
quantification

af

u u
au, W)
I | System-level optimizer |
| Z,y,W) A l
I | Propulsion | Structure | )Aerodynamic% T_I'ajectqry I
simulation
I Objective and constraints | I
I Interdisciplinary constraints and state residuals | I
I z: architectural design variables . . I
w: trajectory control variables AAO formulation coupled with
| ¥: coupling variables DYMOS (trajectory optimization) |

M. Balesdent, L.Brevault
et al. All-At-Once
formulation integrating
pseudo-spectral optimal
control for launch
vehicle design and
uncertainty
quantification, Acta
Astronautica, 2022
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Additional studies using OpenMDAOQO capabilities
Teaching activities

« MDO course at ISAE-Supaero and student projects using OpenAeroStruct
— Nathalie Bartoli, Thierry Lefebvre, Sylvain Dubreuil

- Mathieu Balesdent, Loic Brevault

« MDO course at Ecole Polytechnique and student projects using FELIN (an
OpenMDAO based launcher design process)

5#,._@,5 ONERA This document and the information contained herein is proprietary information of ONERA
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Part Il — New developments in the WhatsOpt web application
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WhatsOpt web applicatior
Overview

“Fichier Edition _Affichage_ Historique  Marque-pages Outils 2 S |
« Web application for MDO S o o ———
» MDA edition D wnaon:
« Code generation: Se“;f_@ . “' """"" "‘ e e
« Execution framework o E@_T_,T
(OpenMDAO, GEMSEQ) - = @
 DOE, Surrogate models (SMT)
 Sensitivity Analysis (SALID) o e o e o Ui
« Uncertainty studies (OpenTURNS) o St
« Distributed execution w .
» Parallel execution (DOE with Linux MPI) B e

» Result Data import / export

Open Source : https://github.com/OneraHub/WhatsOpt

 Result Data visualisation Article et Documentation : https://github.com/OneraHub/WhatsOpt-Doc

Videos Youtube : Tutorial
External server: https://ether.onera.fr/whatsopt
Contact : remi.lafage@onera.fr

5£Eauqug ONERA This document and the information contained herein is proprietary information of ONERA
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https://openmdao.org/
https://gemseo.readthedocs.io/en/stable/
https://github.com/SMTorg/smt
https://salib.readthedocs.io/en/latest/
http://openturns.org/
https://github.com/OneraHub/WhatsOpt
https://github.com/OneraHub/WhatsOpt-Doc
https://www.youtube.com/playlist?list=PLhWP4LJdKyGcFZyvsNLU4s2_sdmTSGVeo
https://ether.onera.fr/whatsopt

WhatsOpt web application
Overview

O NERA (WhatsOpt ()

e
@ Wha‘tsOpt T””?‘iillisﬁii.p} generated by W pt 1.24.2

# DO NOT EDIT unless you know what you are doing
# whatsopt url: hitps://ether onera fr/whatsopt

Demo / Sellar #1478) T‘ et by e o

scl.py
. nnn
impo

from impo ||r nn
mpo fromT mda.py generated by WhatsOpt 1.24.2

nnn

Flelass import openmdac.api as om
! [lelasf from mda_init impeort initialize
1 from sellar import Sellar

= = from optparse import OptionParser
parser = OptionParser()
parser.add option(
"__plot",
= action="store trues",
dest="plot"™,
default=False,
help="Display scatter plots outputs vs inputs",

)
Export Cmdows - (options, args) = parser.parse_args()

Variables Export... Compare... History

Analysis export

?  Export Openmdao

Export Gemseo

Discipline export b = om.Problem(Sellar())
rb.setup()
Search an analysis among yours to export to... initialize (pb)
5|ﬂa|_|qu5 ONERA This document and the information contained herein is proprietary information of ONERA
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WhatsOpt web application
Some recent developments

 For an interactive demo, have a look at the most recent videos

o m-

8 WhatsOpt metamodel 10 WhatsOpt sensitivity 15 WhatsOpt framework
(featuring SMT - Surrogate... analysis (featuring... | switch (featuring GEMSEQ)

OpenTURNS

1 55009557 [ g2 First order Sobol indices heatmap

Coefficients of determination R? for outputs computed fram 10% of eriginal DOE paints

o——open/l/lD/\O

e
GEMSEO®

f pradicted vs true with SMT_KRIGING surrogate

ariables

AEROSPACE
ENGINEERING

@maeﬂ?
SUPAEROICA

OMNERA L
e aBRIRALE Lt Pl s
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WhatsOpt web application

| , O NERA (WhatsOpt ()
Implementing MDO formulations

* Introduction to EGMDO formulation (Efficient Global MDO)
— Replacing disciplinary solvers by surrogate models
| Optimization Algo. Optimization Algo.
z - z
Structure Surrogate-Structure
u = M(f,2) " S e G D
Aerodynamic \_> : Surrogate-Aerodynamic
Cio— o, Cr— "o
Performance Performance
Cr > r= Mp(u,f,z) @ F= Mp(d, J'?,Z)
How to control the accuracy of the surrogate-based MDA ?

gpﬁauqug ONERA This document and the information contained herein is proprietary information of ONERA
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WhatsOpt.web application.
Implementing MDO formulations

* Introduction to EGMDO formulation (Efficient Global MDO)

— Using the properties of gaussian processes to sample the MDA and add points to the surrogate

models to converge efficiently the MDA
| *
U ECREE yi(z*.y)
40 - B y2(2*,y1)
! + MDA solution
! — ty, (2%,32)
=== 1y, (2 y2) £305, (25, y2)
— Hp(25y1)
= 20 -t T s () 305 (25 0)
20
0 ~-_
| d
»2
0 | |
0 10 20 30
gpﬁauqug ONERA This document and the information contained herein is proprietary information of ONERA

FRANCAISE
Liberst

»
Fpatind
Frarereied

— and shall not be disclosed or reproduced without the prior authorization of ONERA. 23



WhatsOpt.web application.
Implementing MDO formulations

* Introduction to EGMDO formulation (Efficient Global MDO)

— Assessment on an aero-structural problem

Gaspard Berthelin, Sylvain Dubreuil, Michel Salaiin, Nathalie Bartoli, and Christian Gogu.

Disciplinary proper orthogonal decomposition and interpolation for the resolution of parameterized multidisciplinary analysis.
International Journal for Numerical Methods in Engineering, 123(15):3504-3626, 2022.

Displacement
2 2 3

- Static aero elastic problem (coupling between FEM solver and VLM solver)
- 8 parameters (angle of attack, speed, skin, ribs and spars thicknesses)
- Multi-query context: we want to solve the MDA on a random DoE of size

100
Structure solver calls Aerodynamic solver calls
Method Offline Online Offline Online Total
Exact MDA 0 392 0 392
DPOD+I 50 78 60 6 [194]
gpﬂnuqug ONERA This document and the information contained herein is proprietary information of ONERA
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WhatsOpt_web appllcatlon_
Implementing MDO formulations

* Implementation using WhatsOpt and OpenMDAO

— From a classical XDSM-described problem, construct surrogate models, performs random MDA
computation and iteratively solves the MDA

Aael +Q=2 B

i oD O0 -
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Feedback and future needs
Wrap-up

 OpenMDAO has become a daily tool at ONERA
* Hidden behind mostly all our conceptual design processes

* Used as reference for setting up documented test cases for methodology development
* Shared for teaching purposes

e Some capabilities built upon OpenMDAO
— FAST-OAD and WhatsOpt available open source to the community
— We are happy to get feedback on the potential use of these by the community

e Future steps : OpenMDAQO is still underexploited
— More extensive implementation of derivatives in all components
— Use toward high-fidelity codes incorporation and hi-fi optimization
— Deployment of UQ approaches within our processes

5pﬂs|_|qu5 O NERA This document and the information contained herein is proprietary information of ONERA
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Feedback and future needs
Our roadmap and expectations

e Maintain and further develop our processes
— Backward compatibility of OpenMDAO
— Support from the development team

e Strong investment in UQ in a design context

— Definition of probabilistic variables in OpenMDAOQO ?
— Post-optimal analysis as a new functionality for OpenMDAO and DYMOS ?

REPUBLIQUE

FRANCAISE

O NERA This document and the information contained herein is proprietary information of ONERA
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Thanks for your attentiomn.
ANy question?

Christophe David
FAST-OAD lead developer
Christophe.David@onera.fr

Rémi Lafage
WhatsOpt developer
Remi.Lafage@onera.fr
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