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What’s multidisciplinary design 
optimization and Why it is so 
important for modern aircraft 

concepts? 

What’s multidisciplinary design optimization? 

1 ” MULTIDISCIPLINARY design optimization (MDO) is a field 
of engineering that focuses on the use of numerical 
optimization for the design of systems that involve a number 
of disciplines or subsystems. 
The performance of a multidisciplinary system is driven not 
only by the performance of the individual disciplines but also 
by their interactions.”[R. R. A. Martins and Andrew B. Lambe,”Multidisciplinary 

Design Optimization: A Survey of Architectures”,AIAA Journal 2013 51:9, 2049-2075]  

Why it is so important for modern aircraft concepts? 

2 Introduced in early design, it helps to reduce time and cost of 
the whole design cycle.  

The increased complexity of the aircraft design, both in terms of 
new design solutions than of new technologies and materials.  
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Objectives 

Build a Python written Open Sources Multi-Fidelity Aircraft 
Preliminary Design Framework, based on Aero-Structure 
Optimization. 

Why Python scripted and open source?? 

• Collaborative Environment.  
• Access to a global user community, who 

proficiently interact with support and 
solutions.  

Which Optimization Solutions? 

• Aeroelastic Optimization 
• 3D Model 
• Reduced Model 

• Performances Optimization 
 



                                      

Low Fidelity Medium  Fidelity High Fidelity 

Geometrical Model Reduced 1D Full 3D 

Numerical 
Model/Solution 

 

Panel Method 
(Panair®) 

Finite  Element 
(Nastran95®) 
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Model Fidelity 

Fidelity 
Level 

Model 
Type 
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Optimization Problem  
Set-Up 

Function/Variable Description Quantity 

Minimize 𝑎 ∗ 𝐶𝐷𝑖 + 𝑏 ∗ 𝑀 
 
M 
𝐶𝐷𝑖 

Induced Drag Coeff. + 
Mass Structure 
Mass Structure 
Induced Drag Coeff. 

with respect 
to 

𝜃 
𝑠𝑐𝑎𝑙𝑒_𝑓𝑎𝑐𝑡𝑜𝑟 
𝑐ℎ𝑜𝑟𝑑_𝑓𝑎𝑐𝑡𝑜𝑟 
𝑠𝑤𝑒𝑒𝑝 
𝑚𝑖𝑑_𝑠𝑝𝑎𝑟_𝑝𝑜𝑠 
𝛼 
𝑡 
𝑠 

Twist Angle 
Scale Factor 
Chord Factor 
Sweep Angle 
Mid Spar Position 
Angle of attack 
Thickness Spar 
Section Stringers 
 
TOTAL DESIGN VARIABLES 

20 
1 
1 
1 
1 
1 
17 
1 
 
43 

subject to 𝐶𝐿 = 0.5 
𝜎𝑉𝑀 ≤ 𝜎𝑦 

Lift Coefficient 
Von Mises Stress 
 
TOTAL CONSTRAINTS 

1 
1616 
 
1617 
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Optimization Problem  
XDSM format 

Convergence? 
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Optimization Problem  
Geometrical Modeler 

1: 

GEOM 
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Optimization Problem  
Geometrical Modeler 

Variable Declaration 
 
 
      Inputs=Parameters: 
 
 
 
 
 
        Outputs=Unknown: 

 

𝐴𝑒𝑟𝑜 𝑔𝑟𝑖𝑑 𝑝𝑜𝑖𝑛𝑡𝑠, 𝑋𝑎 

𝐶𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑎𝑙 𝑛𝑜𝑑𝑒𝑠, 𝑋𝑠 

𝑇𝑤𝑖𝑠𝑡 𝐴𝑛𝑔𝑙𝑒, 𝜗 

𝑆𝑐𝑎𝑙𝑒 𝐹𝑎𝑐𝑡𝑜𝑟 

𝐶ℎ𝑜𝑟𝑑 𝐹𝑎𝑐𝑡𝑜𝑟 

𝑆𝑤𝑒𝑒𝑝 𝐴𝑛𝑔𝑙𝑒 

𝑀𝐼𝐷 𝑆𝑝𝑎𝑟 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 

Create the Geometry .igs 

Create the Structural Mesh .bdf 

Get the Aero Nodal Coordinates 

Get the Struct Nodal Coordinates 
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Optimization Problem  
Geometrical Modeler 

• Rely on the Pythonocc, a Python library, to provide 3D modeling 
features. 

• The bottom-up construction philosophy is inspired by 
occ_airconics[1], a scripted aircraft geometry package for Python.  

[1] http://occ-airconics.readthedocs.io/en/latest/ 

StructuralElements.py LiftingSurface.py 

WING.py ENGINE.py 

AIRCRAFT.py 
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All types of body shape may be reproduced, here some wing examples: 

Optimization Problem  
Geometrical Modeler 

Aerodynamic Surface Airframe Wing Type 

 
 
 
 
 
 

CRM 

BWB 

GOLAND 



 

Number of Ribs 
 
 

 
Spars Position 

 
 

 
Number and Position of 

Stringers 
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Optimization Problem  
Geometrical Modeler 

Many types of airframe: 
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Optimization Problem  
Geometrical Modeler 

Parametrization 

𝜺
=

𝟏
 

𝜺
=

𝟎
 

𝑅𝑒𝑎𝑙  𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑎𝑙𝑜𝑛𝑔 𝑡ℎ𝑒 𝑊𝑖𝑛𝑔 𝑆𝑝𝑎𝑛 =  𝜀 ∗ 𝑺𝒄𝒂𝒍𝒆𝑭𝒂𝒄𝒕𝒐𝒓 
𝑅𝑒𝑎𝑙  𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑎𝑙𝑜𝑛𝑔 𝑡ℎ𝑒 𝑊𝑖𝑛𝑔 𝐶ℎ𝑜𝑟𝑑 =  𝛽 ∗ 𝑺𝒄𝒂𝒍𝒆𝑭𝒂𝒄𝒕𝒐𝒓 ∗ 𝑪𝒉𝒐𝒓𝒅𝑭𝒂𝒄𝒕𝒐𝒓 

 

𝑪𝒉𝒐𝒓𝒅 

𝑫𝒊𝒉𝒆𝒅𝒓𝒂𝒍 

𝑻𝒘𝒊𝒔𝒕 

𝑺𝒘𝒆𝒆𝒑 

𝑐𝑛                   ⋯                    𝑐1  𝑐2  

𝑑𝑛                   ⋯                    𝑑1  𝑑2  

𝑡𝑛                    ⋯                   𝑡1   𝑡2  

𝑠𝑛                    ⋯                   𝑠1   𝑠2  

𝜷
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Optimization Problem  
Aerodynamic 

2: 

RBF 
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Optimization Problem  
Interpolation – Radial Basis Function 

Variable Declaration 
 
Inputs=Parameters: 
 
 
Outputs=Unknown: 

 

𝐴𝑒𝑟𝑜 𝑔𝑟𝑖𝑑 𝑝𝑜𝑖𝑛𝑡𝑠, 𝑋𝑎 

𝐶𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑎𝑙 𝑛𝑜𝑑𝑒𝑠, 𝑋𝑠 

𝐼𝑛𝑡𝑒𝑟𝑝𝑜𝑙𝑎𝑡𝑖𝑜𝑛 𝑀𝑎𝑡𝑟𝑖𝑥, 𝐻 

Function Type = Multiquadratic 

Solve_nonlinear Method 

Radial Basis Function (RBF) 
for Aero-Struct Nodes 
Interpolation 

http://pro.arcgis.com/fr/pro-app/help/analysis/geostatistical-analyst/how-
radial-basis-functions-work.htm 
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Optimization Problem  
MDA Group 

3, 8->4: 

MDA 
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Optimization Problem  
MDA Group 

4: 

AERO 

5: 

Load Transfer 

6: 

Structure 

7: 

Displacement 

Transfer 

3, 8->4: 

MDA 

𝑓𝑎 

𝑓𝑠 

𝑢𝑠 

𝑢𝑎 

Convergence: 

𝑖𝑓 𝑖𝑡𝑒𝑟_𝑐𝑜𝑢𝑛𝑡 > max 𝑖𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝒐𝒓 
𝑢𝑛𝑘𝑛𝑜𝑤𝑛𝑘+1 − 𝑢𝑛𝑘𝑛𝑜𝑤𝑛𝑘

𝑢𝑛𝑘𝑛𝑜𝑤𝑛𝑘+1
≤ 𝑟𝑢𝑡𝑜𝑙  

Nonlinear Gauss Seidel solver (default solver for a group) 

= 𝑢𝑛𝑘𝑛𝑜𝑤𝑛𝑠 

𝑝𝑘+1 = 𝑔1 𝑝𝑘, 𝑞𝑘, 𝑟𝑘

𝑞𝑘+1 = 𝑔2 𝑝𝑘+1, 𝑞𝑘, 𝑟𝑘

𝑟𝑘+1 = 𝑔3 𝑝𝑘+1, 𝑞𝑘+1, 𝑟𝑘
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Optimization Problem  
Aerodynamic 

4: 

AERO 
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Optimization Problem  
Aerodynamic 

Variable Declaration 
 
 
 
 
 
     Inputs=Parameters: 
 
 
 
 
 
 
 
 
       Outputs=Unknown: 

 

𝐴𝑒𝑟𝑜 𝑔𝑟𝑖𝑑 𝑝𝑜𝑖𝑛𝑡𝑠, 𝑋𝑎 

𝑊𝑖𝑛𝑔 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑎𝑟𝑒𝑎, 𝑆𝑤 

𝐴𝑖𝑟𝑠𝑝𝑒𝑒𝑑, 𝑉 

𝐴𝑖𝑟 𝑑𝑒𝑛𝑠𝑖𝑡𝑦, 𝜌 

𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑒𝑟𝑜𝑑𝑦𝑛𝑎𝑚𝑖𝑐 𝑔𝑟𝑖𝑑 𝑝𝑜𝑖𝑛𝑡𝑠, ∆ 

𝑀𝑎𝑐ℎ 𝑛𝑢𝑚𝑏𝑒𝑟 

𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑎𝑡𝑡𝑎𝑐𝑘, 𝛼 

𝑊𝑖𝑛𝑔 𝑠𝑝𝑎𝑛 

R𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑐ℎ𝑜𝑟𝑑 

𝐹𝑜𝑟𝑐𝑒𝑠 𝑜𝑛 𝑡ℎ𝑒 𝑎𝑒𝑟𝑜𝑑𝑦𝑛𝑎𝑚𝑖𝑐 𝑔𝑟𝑖𝑑 𝑝𝑜𝑖𝑛𝑡𝑠 

𝐿𝑖𝑓𝑡 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡, 𝐶𝐿 

𝐼𝑛𝑑𝑢𝑐𝑒𝑑 𝑑𝑟𝑎𝑔 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡, 𝐶𝐷𝑖 

Template .wgs 

Create Current Geometry 

Aero grid point,𝑿𝒂 

+ 
 

Delta displacements  
 

(evaluated from the Displacement 
Transfer component)  

Current aero shape .wgs 

Run the Aerodynamic Analisys 

Create a Panin Auxiliary file 

Execute Panin to generate the Panair input file 

Run Panair 

Get output 

𝐶𝐿, 𝐶𝐷𝑖 , 𝐶𝑝 

𝑓𝑎 = 0.5 ∗ 𝑉2 ∗ 𝑆𝑤 ∗ [𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑡ℎ𝑒 4 𝑣𝑒𝑟𝑡𝑒𝑥 𝑓𝑜𝑟𝑐𝑒 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡]  



First European Workshop / 12-13 October 2017, Toulouse 

Optimization Problem  
Structure 

6: 

Structure 
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Optimization Problem  
Structure 

Variable Declaration 
 
 
 
  
 
     Inputs=Parameters: 
 
 
 
 
 
 
 
 
       Outputs=Unknown: 

 

𝐹𝑜𝑟𝑐𝑒 𝑜𝑛 𝑡ℎ𝑒 𝑜𝑢𝑡𝑒𝑟 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑛𝑜𝑑𝑒𝑠, 𝑓𝑠 

𝐶𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑎𝑙 𝑛𝑜𝑑𝑒𝑠, 𝑋𝑠 

𝑉𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑝𝑎𝑟𝑠 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠, 𝑡 

𝑉𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑡𝑟𝑖𝑛𝑔𝑒𝑟𝑠 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛, 𝑠 

𝑌𝑜𝑢𝑛𝑔 𝑀𝑜𝑑𝑢𝑙𝑢𝑠, 𝐸 

𝑃𝑜𝑖𝑠𝑠𝑜𝑛 𝑟𝑎𝑡𝑖𝑜, 𝑛𝑢 

𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑑𝑒𝑛𝑠𝑖𝑡𝑦, ρ 

𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑛𝑜𝑑𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑜𝑢𝑡𝑒𝑟 𝑠𝑢𝑟𝑓𝑎𝑐𝑒, 𝑢𝑠 

𝑉𝑜𝑛 𝑀𝑖𝑠𝑒𝑠 𝑆𝑡𝑟𝑒𝑠𝑠 

𝑀𝑎𝑠𝑠 

Nastran95 Template 

Pre-prepared .bdf (.inp for Nastran95), anchored to a fixed number 
of elements, where the GRID POINTS coordinates, the FORCES values, 
the MATERIAL PROPERTIES, the SPARS THICKNESS and the STRINGERS AREA 
are kept open. 

𝐶𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑎𝑙 𝑛𝑜𝑑𝑒𝑠, 𝑋𝑠 

𝐹𝑜𝑟𝑐𝑒𝑠 𝑜𝑛 𝑡ℎ𝑒 𝑜𝑢𝑡𝑒𝑟 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑛𝑜𝑑𝑒𝑠, 𝑓𝑠 

𝑡, 𝑠, 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑃𝑟𝑜𝑝𝑒𝑟𝑡𝑖𝑒𝑠 
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Optimization Problem  
Structure 

Run Nastran95 

Get output data 
(read the .pnh file for displacements and stress, 

read the .out for Mass) 

𝒖𝒔 = 𝒏𝒐𝒅𝒂𝒍 𝒅𝒊𝒔𝒑𝒂𝒄𝒆𝒎𝒆𝒏𝒕 𝒗𝒆𝒄𝒕𝒐𝒓 

𝝈𝑽𝑴_𝒔𝒉𝒆𝒍𝒍 = 𝝈𝟐
𝟏𝟏 − 𝝈𝟏𝟏𝝈𝟐𝟐 + 𝝈𝟐

𝟐𝟐 

𝝈𝑽𝑴_𝒓𝒐𝒅 = 𝝈𝟏  𝑴 = 𝑴𝒂𝒔𝒔 
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Optimization Problem  
Function 

0, 10->1: 

Optimization 



First European Workshop / 12-13 October 2017, Toulouse 

Optimization Problem  
Constraints 

Lift Constraint 

Steady Flight L=W, Lift generated by the CRM at the nominal 
cruise condition of M = 0.85, CL = 0.5 at 37 000 ft. 

𝐶𝐿 − 0,5 ∗ 𝜌𝑎 ∗ 𝑉2 ∗ 𝑆𝑤 = 0 

Stress Constraint 

𝜎𝑉𝑀 − 𝜎𝑦𝑖𝑒𝑙𝑑 ≤ 0 

Constrained Optimizer 

Scipy Library:'COBYLA', 'SLSQP' 
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Optimization Problem  
Results: 3D Model 

Minimize M with respect to the scale factor and the sweep angle 

Initial Aero Surface 

Initial Airframe 

Optimized Aero Surface 

Optimized Airframe 
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Optimization Problem  
Results: Reduced Model 

Non Structural Elements Selection: 

Stick Model generation: 
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Optimization Problem  
Results: Reduced Model 

Static Results of the Reduced Model: 
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Optimization Problem  
Results: Reduced Model 

Dynamic Results of the Reduced Model: 
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Thank you for your ATTENTION! 


