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Evaluate the impact of the requirements

requirements

- Design
decision g
space
Synthesis to support decision making Systematic and automatic exploration
» Synthesis of important parameters * Understand the design space

- What are the important parameters ?
- How the requirements interact with each others?
- Where are the most promising solutions ?

- What are the limits and where they are.
- Impact of component performances on global performances

* Propose trade offs

- Between requirements
- On design parameters

» Generate models dedicated to decision making
- Trade offs
- Evaluate risks

* Manage risks
- Quantitative evaluation
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Multidisciplinary Optimization
L1 Global level B

Efficiently manage complex analysis

p_____________________ %
L 2 Mono-Disciplinary Optimization

A A b
Structure | Aerodynamic | Propulsion
Simulation 4

processes B & i Level 1 Optimization

Structures : Weight (twist)

Aero : Drag(twist) 5

) i Automated mesh deformation
\ Parametrized wing CAD definition

Delta wairee

Parametrized structure

DASSAULT Level 2 Detailed Optimizations
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Advanced models
- Radial basis functions
- Kriging S
DASSAULT Surrogates = key ingredient to MDO
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True Surface Adapted sampllng (30 points)

Points on the border of the domain

Sampling convergence (rms)

ms error
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iterations

Sampling convergence (mse)
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Error adapted sampllng (30 points)

Adaptive sampling reduces interpolation error for given computationnal budget

DASSA ULT Adaptive sampling is a sequential process
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lllustrative example

Trade off wing aspect ratio / winglet size for a given plan form

Requirements

- Cruise altitude

- Pax cabine volume and payload

Sizing scenarios

- Low speed performances : BFL, LFL - Minimize carbon footprint @ economic cruise
- Range @ economic cruise Mach number | | - Minimize weight

Detailed analysis
- Aerodynamics

Sampling variables
- Wing aspect ratio
- Height of winglet

AR

- Structures

KRQI | | Sizing variables
S -
- Wing area
- Fuel volume
- Engine size

SRV
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Exploration of
Design Space

Synthesis at
System level

Components
performances
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Aerodynamic

z
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Parametrized wing CAD definition

Structural analysis

‘ Structural definition
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CFD analysis for 3 winglet heights

Long range Mach number

Drag coefficient
Drag coefficient

Lift coefficient

High speed Mach number

Lift coefficient

Aspect ratio : pre-existing surrogate model
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Stresses for a static load case

weight

.....

w

Wing flexion

Flutter analysis
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Interactive exploration benefits

“Tell me and I'll forget; show me and I may remember; involve me and I'll understand.”
Chinese proverb

- Immerse the decision makers within the space of
compromise to enable them to better understand what
they need by providing them immediate answers to their
guestions.

- Collaborative visualization ensures that all stakeholders
can measure the impact of the multiple interactions and
be able to trace the analysis at the system level.

- Efficiently manage the trade off between breadth and
depth: each compromise decided at the system level
allows focusing future efforts on smaller areas but with

A an increase in the depth of details.
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Filtered scatter plots
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Design of an ECS system

Objective : Size the different elements of the ECS (turbine, heat exchanger) to maintain a comfortable

temperature in the cabin on the ground during a hot day or during the high altitude cruise.

CFD computations in the cabin:
- air flow

- temperature

Min er lamasse du teme

The boundary conditions are specified by the ECS.

"Performances"” observables

+Vitesse, température en des points

Flux sur des frontieres définies Caleuls CFD
*Champ de vitesse et de températul

The ECS is modeled using the Modelica language.

T A et e Variables de conception
avec le systéeme @ T i

*Rendement turbine

Efficacité de I'echangeur

it m p By “Section turbine
CFD computations : batch on HPC Clusters LA

décrit en modélica

'y ™ Systéme de conditionnement
System simulation : interactive on PC (windows) |

==> Methodology and process to
- perform each simulation in its native environment

- couple the different simulation to explore efficiently explore the design space
- synthesize the results and support decision making

D ==> Develop and integrate the elements of the new process.
4%\ Do —. . — —.
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Sensitivity Analysis
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Conclusions

Multi-level strategy based on surrogate models
— Enables the reuse of high fidelity simulations in different contexts
— Allows asynchronous allocation of resources
— Facilitates exchange of information
Improved awareness of the decision making process thanks to
— Numerical simulations and data sharing at the earliest stage of development
— Systematic trade-off studies at all the levels of integration in a collaborative framework
Better project management through
— The assessment of the design margins on the final performances
— The allocation of resources to the domains with the highest yield
PLM with parametric models
— Traceability from cradle to grave
— Interactive collaborative design review

Exploration efficiency still needs to be improved to better support
decision making : towards a collaborative design lab sharing a digital
mockup of the design space with all the associated parameterized
performance models.
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