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Operations in Brazil, United States, Europe and Asia

Global Business
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PART I

MDO AT EMBRAER



Introduction

• Enhanced products � Greater number of analysis

• Reduced costs � Decrease in development cycle time
Concurrent 

Requirements

The multidisciplinary optimization role in the aeronautical industry:

• Major importance due to great 
competition, high costs and 
conflicting objectives



Engineering Process

Organization
and Control

• Engineering Data Management
• Engineering Configuration Control
• Extensive Use/Interfacing of PLM Solutions

Integration
and 

Automation

• Flow Engines
• Visual Process Definition
• Network Data and Resources Management

Forecasting 
and 

Optimization

• Reuse Engineering Information
• Translate Better Process into Better Product
• Reduce Rework
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• Aerospace Industry

• Boeing

• Airbus

• Mitsubishi Aircraft Corporation

• Bombardier

• Lockheed Martin

• University

• Several industrial applications

• Cooperation between several 
countries (USA, EU)

MDO

Boeing

Airbus

Bombardier

Mitsubishi

External Scenario



Strategy

Conceptual Design

Preliminary Design

Detailed Design

Low / Medium Fidelity Analyses 
Optimization Environment

Application of the 
metamodels 
created on the 
high fidelity 
environment at 
the low fidelity 
environment

Validation of the 
optimal candidates 
on a detailed level

Product

High / Medium Fidelity Analyses 
Validation Environment
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WEB
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Standard
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Version
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Discipline

Subsystem

Application

Input

EXE

Support

Outputs

C:\MDO\... Path to the Subversion repository folder

Discipline code name

modeFRONTIER subsystem name (when applicable)

modeFRONTIER process node name

Folder containing input files templates

Folder containing support files for the respective application

Folder containing the executable file for the respective application

Folder containing output files templates

Intra

Extra

Intradisciplinary files
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• Centralized data repository

• Versioning of files and directory structure

• Each discipline has its own area in the repository

• The engineers work on a local copy and send the 
modifications to the repository

• The integration is based on pointers to 
branches/tags of each disciplinary process

Repository

Implementation
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• Main project trunk (Technological Development – R&D)

• Team training

• Tools integration techniques

• Metamodeling and optimization strategies

Main Trunk

Program A Program B

• MDO migration to programs as branchs of the main trunk

• Re-use of the previous environments components

• Customizations for each specific program

• Learning curve

R&D Product Development

Application



PART II

PRODUCT APPLICATION



Commercial Market Segment

Climb time

Weight Variation Lift Variation

Step Climb

Mach number variation

Reynolds number variation
Final
cruise
altitude

Block Fuel
Block Time

Basically, the drag coefficient (CD) can be considered as a function of Lift coefficient (CL), Mach (M) and 
Reynolds number (Re), such that CD = f(CL,M,Re).

• A major requirement for obtaining the aircraft performance measures is to compute 
the so called drag polar, which is the drag behavior of the aircraft along the required 
mission.



Geometry
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Commercial Market Segment

Wing Loads



Integrated High Fidelity Analysis Environment:

Defense Market Segment



Conclusion

• Workflow engine tools greatly improve integration capability of the engineering 
process.

• The robust integration of the selected disciplines proved to be a considerable 
challenge. 

• Product application has been proved the great benefits of integration and optimization, 
concerning development cycle and quality.

• There is also an unmeasured benefit, concerning process documentation and tracking.

• Some political efforts might be necessary in order to change the people’s mind set.

• More than a set of tools and methodologies, MDO can be considered as a “way of 
working”.

• In order to implement an efficient corporate MDO environment, several aspects must 
be taken into account regarding process standardization, documentation and version 
control. This approach allows fast and efficient integration of very complex engineering 
processes, such as…



MDO R&D Framework



Thank you !
Questions ?



Military Cargo ProgramApplication

Integrated High Fidelity Analysis Environment:

Parameterized Geometry



Military Cargo ProgramApplication

Integrated High Fidelity Analysis Environment:

Mesh Generation CFD Simulation



Military Cargo ProgramApplication

Integrated High Fidelity Analysis Environment:

Aeroelastic Analysis



MDO R&D Framework

ResultsTools & Methodologies

Design Rules (CATIA)Design Rules (CATIA)

Aircraft ParametersAircraft Parameters

Interface FilesInterface Files

3D Model3D Model



MDO R&D Framework

Inputs Results
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MDO R&D Framework

Geometry & ConfigurationGeometry & Configuration

Aircraft Top View  (Dimentions in m)
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Theoretical 
Aerodynamics (ESDU, DATCOM,...)

& Wind Tunnel Data.

Theoretical 
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& Wind Tunnel Data.

Results

Linearização da curva CL vs. Alpha

-0.500

0.000

0.500

1.000

1.500

2.000

2.500

3.000

-10.0 -5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

Alpha [deg]

C
L Flap 0

FLap 1
Flap 2
Flap LDG

Aerodynamics DataBaseAerodynamics DataBase

Pressure Distribution ModelPressure Distribution Model



Suppliers Clients

MDO R&D Framework

Tools & Methodologies

StructuresStructures

Flight MechanicsFlight Mechanics

LoadsLoads PerformancePerformance

Geometry & ConfigurationGeometry & Configuration AeroelasticityAeroelasticityWeight and GC EnvelopeWeight and GC Envelope

Inertia DistributionInertia Distribution



MDO R&D Framework

Flight Simulation Loads Computation

Inertia Distribution

Pressure Distribution



MDO R&D Framework



MDO R&D Framework


