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The Big Picture of Joan’s thesis
• Dynamic Aeroelastic Similarity between a reference aircraft and a 

scaled model 

• Design variables (passive+active)

• New objective function (aeroelasticity-based) to ensure the similarity
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What if our methodology could help to : Test/validate
new (or derived) concepts on a flight demonstrator?
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Aircraft DNA: Modal basis 
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Computational Tools for CFD/CSM
• Nastran 95�: Normal Modes and Flutter Analysis (DLM)
• Panair/a502†: Static aerodynamics
• OpenMDAO‡ Framework 

• Optimizer: SLSQP (Gradient-based, from Scipy library) and SEGOMOE  (Surrogate-based)

• MAC (Modal Assurance Criterion) usualy used for Experimental/Numerical correlation (late 70s)
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Method for Modal Analysis

àAdapted here for Reference/Scaled aircraft

Allemang, R. J. (2003). The modal assurance 
criterion–twenty years of use and 
abuse. Sound and vibration, 37(8), 14-23.



Mode pairing
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Reference aircraft: r 
Scaled model: m 



Outlines

1. OpenMDAO strategy
2. First application: Modes tracking strategy

3. Second application: Wing planform optimization for flutter similarity
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1.OpenMDAO strategy
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Preliminary works MDA: Static Aeroelasticity XDSM
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Static aeroelasticity Optimization
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Implementation in OpenMDAO (1)
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Implementation in OpenMDAO (2) 
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Implementation in OpenMDAO (3)
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• The optimizer is defined as the problem’s driver
• MDF architecture 



2. First application: Mode tracking strategy

• Blind identification 
• From ONERA Chatillon‘s optimized CRM (thanks to C. Blondeau) 
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Modes pairing/tracking: Problem definition
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Thickness initialization :Vector of	size	
10		t1-t10	(meter):

array([	
0.01863388, 0.01661411, 0.012733
71, 0.01495363, 0.00847329,	
0.01743593, 0.02332176, 0.020234
47, 0.02068164, 0.0213995	])



Modal Optimization
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1st Validation CRM Blind Updating
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Results of the Optimization (SLSQP)
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Graphicaly AT CONVERGENCE…
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3. Second application: Flutter similarity

• Wing planform optimization using Nastran DLM
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Theoretical Background
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Final normalized equation… and list of the conditions 
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Problem description
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Reference aircraft: r 
Scaled model: m 



What if the flow is not similar? 
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Objective function
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Goland Wing results
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Objective function & Design Variables
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Mr=0.85
Mm=0.3



Results
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SEGOMOE (A surrogate based optimizer with adaptative sampling)
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Baseline

Optimized
SNOPT

Adaptative
Strategy

Problem definition

DOE 

Surrogate
models

Optimization

Convergence? 

Enrichment criteria

Codes

Baseline

Tools: Adflow+ SEGOMOE toolbox

N.	Bartoli,	T.	Lefevbre,	N.	Bons,	M.	Bouhlel,	S.	Dubreuil,	R.	Olivanti,	J.R.R.	Martins	and	J.	Morlier. An	adaptive	optimization strategy based on	mixture	of	experts	for	wing aerodynamic
design	optimization.	Proceedings of AIAA	AVIATION	Forum	5-9	June 2017,	Denver,	Colorado	18th	AIAA/ISSMO	Multidisciplinary Analysis and	Optimization Conference 20171st European OpenMDAO workshop



SEGOMOE results: objective function

AIAA/ISSMO – June 2017
Objective function calls

Initial	9-points	DOE
First	steps to	find an	admissible	point	(constraints satisfied)
Then iterative process to	reduce the	objective	function

Sum of	the	constraints
violation	

Current best	point	
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Search for	an	
admissible	pointDOE



SEGOMOE (A surrogate based optimizer with adaptative sampling)
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Conclusions

• Original contribution on scaled aircraft
• Two elementary bricks have been established to ensure the aeroelastic similiraity

1. Blind modal identification tested with different initial design (robust updating)
2. Aeroelastic simillarity between a demonstrator and a reference aircraft was ensured using an MDO 

formulation
• Good performance of the Surrogate-based optimization methods versus Gradient-based

(SLSQP versus SEGOMOE)
• Strong interaction with UoM (PhD of Joan Mas Colomer) : use of High Fidelity CFD code ADflow

in our optimization loop
• Last year of Joan’s PhD dedicated to mission-based optimization
• Opensource tools for aeroelastic sizing constraints (related to the next presentation on BWB)
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Visit :
https://github.com/SMTorg/SMT


