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Today’s Challenges  for aircraft development (and MDO) 
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 Aircraft Product Development large number of parts and design sub-processes 
 Cross-organizational  distributed and heterogeneous knowledge and expertise 
 Much more constraints  higher level integration of design aspects  

How to enable effective  
Collaborative MDO? 

Number of parts: 6 millions 
Design changes per year: 150 000 

source: Boeing 

Today (~10 years from TLAR to flight) 

source: dlr.de 

Tomorrow ? 
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MDO playground 
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Pool of Simulation Tools Integration and Optimization environments 



Current Challenges in MDO RTD Projects 
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• Define and deploy large MDO processes 
• Connecting cross-organizational competences 
• Enable coherent products descriptions 
 

“Setup” challenges 

• Support the collaborative decisions making 
• Facilitate re-configuration of the design processes 
• Flexible integration new competences, requirements 

“Operational” challenges 

• Achieve an optimal and robust solution 
• Achieve it within the available time 
 
 

“Solution” challenges 

Setup phase: 60% – 80% project time* 

*survey of last 20 years of MDO RTD oriented projects [3-5 yrs], 
source: p.d. ciampa, b.nagel, "The AGILE Paradigm: the next generation of collaborative 
MDO,"AIAA 2017-4137 

Consequences Reduction of the design space 

Physics Knowledge 

Abstraction 

Knowledge 

Abstraction 

Design and Optimization Process 

AGILE 

setup operational solution 

time 
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EU funded H2020 project: 06/2015-06/2018 
• 19 International Partners (EU, Russia, Canada) 
• ~ 9M EUR, ~120 MM 
• Coordinated by DLR in Hamburg 
• Only recent EU project dedicated to next generation MDO processes 

http://agile-project.eu 

next generation of collaborative MDO 
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AGILE Ambition 
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PhysicsKnowledge

Abstraction

Knowledge

Abstraction

Design and Optimization Process

Time

AGILE

setup operational solution

Objectives: 
• Realize the next generation of MDO processes 
• Reducing aircraft development time\costs 
• Enabling Collaborative Aircraft Design 
 

Accelerate the setup of large scale collaborative distributed processes 

Support collaborative operation of design systems: people and tools 

Efficient collaborative Optimization techniques AGILE Configurations 

next generation of collaborative MDO 
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Next generation MDO enablers 
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1 

design competences 

2 

common language 

3 4 

knowledge 
integration 

ΠCOM

ηCOM

Power Equation LP Spool

Power Equ. HP Sp.

HPT Cooling

ΠCOM

ηCOM

Power Equation LP Spool

Power Equ. HP Sp.

HPT Cooling

process 
orchestration 

next generation of collaborative MDO 
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AGILE Development - Phases 

9 

AGILE Framework 

Requirements 
Design for X strategy 

design process 

design tools 

decision making 

mfuel referenceAremOEM sTOFL mTOM mPayload mWingsStruc
mfuel 1 0.77475061 0.5901419 -0.52772317 0.8597251 -0.02118287 0.59409394
referenceAre 0.77475061 1 0.90083689 -0.93689985 0.86817278 0.00446513 0.94870478
mOEM 0.5901419 0.90083689 1 -0.88659848 0.78454296 0.00708453 0.95603157
sTOFL -0.52772317 -0.93689985 -0.88659848 1 -0.7002977 -0.00702965 -0.96085888
mTOM 0.8597251 0.86817278 0.78454296 -0.7002977 1 0.02012187 0.73875977
mPayload -0.02118287 0.00446513 0.00708453 -0.00702965 0.02012187 1 0.01442351
mWingsStruc 0.59409394 0.94870478 0.95603157 -0.96085888 0.73875977 0.01442351 1
mWingStruct 0.53661584 0.92160693 0.95056012 -0.95475262 0.68872614 0.01561439 0.99672097
mWingStruct 0.91533218 0.81143359 0.57174303 -0.61281041 0.8928265 -0.01513637 0.59735278
mWingStruct 0.38655317 0.82021619 0.92943362 -0.89054484 0.58675298 0.03225927 0.94881555
mWingStruct 0.27839032 0.75400829 0.88368289 -0.8645486 0.46411714 0.02566847 0.92209726
mWingStruct 0.91533218 0.81143359 0.57174303 -0.61281041 0.8928265 -0.01513637 0.59735278
mWingStruct 0.38655317 0.82021619 0.92943362 -0.89054484 0.58675298 0.03225927 0.94881555
mFuselagesS 0.10658257 0.05694498 0.36732586 0.01427539 0.29357486 -0.01817547 0.08671056
mLandingGe 0.70896885 0.91233893 0.91096308 -0.84335459 0.8799775 0.03265137 0.88192751
mSystems 0.09013604 0.0475302 0.3469075 0.01813524 0.27962545 -0.03345366 0.07649606
LCMachNum -0.36854397 -0.6777704 -0.60821795 0.78493715 -0.47936188 -0.01389582 -0.66451279
cgPos 0.78521395 0.98502911 0.88419102 -0.90537791 0.89101166 0.00401476 0.92014262
Power 0.99754193 0.73891472 0.537597 -0.47997566 0.83689185 -0.02579698 0.54480898
alpha -0.69495233 -0.97340661 -0.89300009 0.96880859 -0.79744005 -0.00247523 -0.95341854

MDO execution 

+ new requirement 
change strategy 

reconfigure 

update 
implementation 

+ new capability 

AGILE DP 

next generation of collaborative MDO 

OPENMDAO WORKSHOP, Toulouse  –  Pier Davide Ciampa, DLR & AGILE Consortium - October 15, 2017 

source: p.d. ciampa, b.nagel, "The AGILE Paradigm: the next generation of collaborative 
MDO,"AIAA 2017-4137 



AGILE Development – Participative Agents 
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Design Task 

MDAO Process 

Collaboration 

Design Competence 

ΠCOM

ηCOM

Power Equation LP Spool

Power Equ. HP Sp.

HPT Cooling

ΠCOM

ηCOM

Power Equation LP Spool

Power Equ. HP Sp.

HPT Cooling

 Formulate the integration and 
optimization strategy 

 Formalize the MDO process(-es) 

 

 

 Provide Design Capabilities 

 Formalize the disciplinary 
knowledge 

 

 

 Enable the collaborative 
operation of the system 

 Formalize the collaborative 
process(-es) 

 

 

 Define the design task and 
product metrics 

 Formalize the design phases 
and process(-es) 

 

 

 Architect Collaborative Eng. 

Specialist Integrator 

next generation of collaborative MDO 
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source: p.d. ciampa, b.nagel, "The AGILE Paradigm: the next generation of collaborative 
MDO,"AIAA 2017-4137 



AGILE Development - Architecture 

OPENMDAO WORKSHOP, Toulouse  –  Pier Davide Ciampa, DLR & AGILE Consortium - October 15, 2017 

source: p.d. ciampa, b.nagel, "The AGILE Paradigm: the next generation of collaborative 
MDO,"AIAA 2017-4137 



AGILE – Collaborative Process 
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From TLAR to…flying!!! 

Engines 

Aerodynamics High-lift 

On-board 
systems Flight dynamics Structures 

Mission analysis Aircraft design 

Cost assessment 
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NL 

Cross-organisational Aircraft Development 

ITALY 

SWISS 

Requirements 
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AGILE – Service Oriented Architecture 
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A workflow of “provided services” 
- Each service @ Partner site\network 
- Each service is a legacy process 

next generation of collaborative MDO 

OPENMDAO WORKSHOP, Toulouse  –  Pier Davide Ciampa, DLR & AGILE Consortium - October 15, 2017 

source: p.d. ciampa, e.moerland, et al., "A Collaborative Architecture supporting 
AGILE Design of Complex Aeronautics Products,","AIAA 2017-4138 



AGILE use cases & Scenarios 
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Airframe OEM Rudder Supplier 

Multiple Scenarios 

Propulsion OEM 

Execute Models @ Partners 

next generation of collaborative MDO 

OPENMDAO WORKSHOP, Toulouse  –  Pier Davide Ciampa, DLR & AGILE Consortium - October 15, 2017 



MDO Process formalization  
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MDO  
Architecture? 

Integration  
Framework? 

Stored as CMDOWS Automated Translation 

MDF 

IDF 
CMDOWS 
Common MDO Workflow Schema 

MDO process description developed in AGILE project.  
Formalizes the MDO processes in a “neutral format”  
Enable to share MDO processes between MDO frameworks  
Provides the MDO process model which can be manipulated 
 cmdows-repo.agile-project.eu 

What about? 
 
 

Details Later  

next generation of collaborative MDO 

OPENMDAO WORKSHOP, Toulouse  –  Pier Davide Ciampa, DLR & AGILE Consortium - October 15, 2017 



AGILE Development Process 
 Support the automation of collaborative MDO processes 
 Management of Product Development Processes 
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PDP MGMT Collaboration 

next generation of collaborative MDO 

OPENMDAO WORKSHOP, Toulouse  –  Pier Davide Ciampa, DLR & AGILE Consortium - October 15, 2017 

AGILE DP 



Next steps 
 Challenges for the next generation MDO 
 Quick setup of large workflow of tools and people 
 Deploy distributed cross-organizational design processes 
 Lack of formalization of MDO processes 

 

 AGILE achievements 
 A collaborative environment operational with 19 partners for 

multiple use cases and scenarios 
 MDO processes formalized 
 Product Development process streamlined 

 

 Exploitation in the (open)MDAO Community 
 Extending the collaborative MDO community 
 What about AGILE supporting the setup of openMDAO problems? 
 

17 

next generation of collaborative MDO 

OPENMDAO WORKSHOP, Toulouse  –  Pier Davide Ciampa, DLR & AGILE Consortium - October 15, 2017 

setup of distribution 
MDO problem + 

resolving of the MDO 
problem + 
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pier-davide.ciampa@dlr.de  

More information about AGILE: 
www.agile-project.eu 
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Today’s Challenges  for aircraft development (and MDO)
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Aircraft Product Development large number of parts and design sub-processes

Cross-organizational  distributed and heterogeneous knowledge and expertise

Much more constraints  higher level integration of design aspects 

How to enable effective 

Collaborative MDO?

Number of parts: 6 millions

Design changes per year: 150 000





source: Boeing

Today (~10 years from TLAR to flight)







source: dlr.de

Tomorrow ?
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MDO playground
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Current Challenges in MDO RTD Projects
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Define and deploy large MDO processes

Connecting cross-organizational competences

Enable coherent products descriptions



“Setup” challenges

Support the collaborative decisions making

Facilitate re-configuration of the design processes

Flexible integration new competences, requirements

“Operational” challenges

Achieve an optimal and robust solution

Achieve it within the available time





“Solution” challenges

Setup phase: 60% – 80% project time*

*survey of last 20 years of MDO RTD oriented projects [3-5 yrs],

source: p.d. ciampa, b.nagel, "The AGILE Paradigm: the next generation of collaborative MDO,"AIAA 2017-4137

Consequences Reduction of the design space

Physics
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Abstraction

Knowledge
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Design and Optimization Process







AGILE



setup

operational

solution









time
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EU funded H2020 project: 06/2015-06/2018

19 International Partners (EU, Russia, Canada)

~ 9M EUR, ~120 MM

Coordinated by DLR in Hamburg

Only recent EU project dedicated to next generation MDO processes

http://agile-project.eu
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AGILE Ambition
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Objectives:

Realize the next generation of MDO processes

Reducing aircraft development time\costs

Enabling Collaborative Aircraft Design



Accelerate the setup of large scale collaborative distributed processes

Support collaborative operation of design systems: people and tools

Efficient collaborative Optimization techniques













AGILE Configurations
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openMDAO workshop, Toulouse  –  Pier Davide Ciampa, DLR & AGILE Consortium - October 15, 2017









7



Next generation MDO enablers
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knowledge integration
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AGILE Development - Phases
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AGILE Framework
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Design for X strategy
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MDO execution
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implementation





+ new capability
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AGILE Development – Participative Agents
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MDAO Process
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Formulate the integration and optimization strategy

Formalize the MDO process(-es)





Provide Design Capabilities

Formalize the disciplinary knowledge





Enable the collaborative operation of the system

Formalize the collaborative process(-es)





Define the design task and product metrics

Formalize the design phases and process(-es)
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AGILE Development - Architecture

openMDAO workshop, Toulouse  –  Pier Davide Ciampa, DLR & AGILE Consortium - October 15, 2017
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AGILE – Collaborative Process
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From TLAR to…flying!!!
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AGILE – Service Oriented Architecture

13









A workflow of “provided services”

Each service @ Partner site\network

Each service is a legacy process
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AGILE use cases & Scenarios
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Airframe OEM







Rudder Supplier















Multiple Scenarios





Propulsion OEM





Execute Models @ Partners
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MDO Process formalization 
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MDO 

Architecture?

Integration 

Framework?

Stored as CMDOWS

Automated Translation





MDF













IDF









CMDOWS

Common MDO Workflow Schema

MDO process description developed in AGILE project. 

Formalizes the MDO processes in a “neutral format” 

Enable to share MDO processes between MDO frameworks 

Provides the MDO process model which can be manipulated





cmdows-repo.agile-project.eu













What about?





Details Later 
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AGILE Development Process

Support the automation of collaborative MDO processes

Management of Product Development Processes
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PDP MGMT





Collaboration
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Next steps

Challenges for the next generation MDO

Quick setup of large workflow of tools and people

Deploy distributed cross-organizational design processes

Lack of formalization of MDO processes



AGILE achievements

A collaborative environment operational with 19 partners for multiple use cases and scenarios

MDO processes formalized

Product Development process streamlined



Exploitation in the (open)MDAO Community

Extending the collaborative MDO community

What about AGILE supporting the setup of openMDAO problems?
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setup of distribution MDO problem

+

resolving of the MDO problem

+
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