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Evolution of MDO in aeronautics

Operational Multidisciplinary

Technologies

source: dlr.de

Extended Supply Chain

source: p.d. ciampa, b.nagel, "The AGILE Paradigm: the next generation of collaborative

MDO,"AIAA 2017-4137 . .
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Today’s Challenges for aircraft development (and MDO)

= 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

i ?
Today (~10 years from TLAR to flight) Collaborative MDO: Tom-orrow ? ]
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- o Number of parts: 6 millions
Design changes per year: 150 000

source: Boeing
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MDO playground

Pool of Simulation Tools «» Integration and Optimization environments
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Current Challenges in MDO RTD Projects

“Setup” challenges

» Define and deploy large MDO processes

» Connecting cross-organizational competences

» Enable coherent products descriptions

“Operational” challenges

» Support the collaborative decisions making
» Facilitate re-configuration of the design processes

setup

F‘F/ .
/ 22777

stractic

operational solution
®

 Flexible integration new competences, requirements Setup phase: 60% - 80% project time*

“Solution” challenges

* Achieve an optimal and robust solution
» Achieve it within the available 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 2>Reduction of the design space

next generation of collaborative MDO
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EU funded H2020 project: 06/2015-06/2018
19 International Partners (EU, Russia, Canada)

* ~9MEUR, ~120 MM

. Coordinated by DLR in Hamburg

* Only recent EU project dedicated to next generation MDO processes
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AGILE Ambition

setup operational solution

Objectives:

* Realize the next generation of MDO processes
* Reducing aircraft development time\costs

« Enabling Collaborative Aircraft Design Aostractic Time

Design and Opcimization Process ///A;

Accelerate the setup of large scale collaborative distributed processgs

Support collaborative operation of design systems: people gnd tools

AGILE Configurations Efficient collaborative Optimization techniques

o next generation of collaborative MDO
@,
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Next generation MDO enablers

: proces knowledge
design competences common language : :
orchestrat integration

S
ion
(] .
@
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http://www.cpacs.de/

AGILE Development - Phases

AGILE Framework

design process decision making AGILE

update
implementation

AGILE DP

design tools

Q@ KE-chain

+ new requirement
change strategy

reconfigure

MDO execution

RICIE|

Design for real

- cpacs Optimus®
Requirements c: KADMOS | P ek m E] ﬂ @

Design for X strategy

+ new capability

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

Enable the collaborative
operation of the system

» Define the design task and
product metrics

Formalize the collaborative
process(-es)
M,

» Formalize the design phases
and process(-es)

, N
8 e Q{ﬁ i e 8
Architect Collaborative Eng.

AFD O

Provide Design Capabilities

Integrator | o

&

» Formulate the integration and
optimization strategy

» Formalize the disciplinary

» Formalize the MDO process(-es) knowledge

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

Entities Development Process Data &
Schemas

AT Process model

-

Automated Design

T,

Workflow schema

Design
processes

-

Design Competence

a-1g Opt.
Specialist Discipline Analysis

models Data schema

source: p.d. ciampa, b.nagel, "The AGILE Paradigm: the next generation of collaborative
MDO,"AIAA 2017-4137
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AGILE - Collaborative Process From TLAR to...flying!!!

o
RUSSIA GERMANY ITALY n’ NL
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AGILE - Service Oriented Architecture

DLR DLR DLR POLITO
Aerodynamics Aerostructura MASSES Systems
D D |:| Performance SIZING D Analysis
T T T
v L N
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\T « S DLR_Call 3 DLR_Call 1 DLR_Call 5 ~— poLITO_Call
CIAM Add Add /
Engine Peck materials list analysis Map /

DLR RWTH TUD
PHALANX

A workflow of “provided services”
- Each service @ Partner site\network

- Each service is a legacy process

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

next generation of collaborative MDO
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AGILE use cases & Scenarios

Execute Models @ Partners

]
Propulsion OEM Airframe OEM Rudder Supplier

o next generation of collaborative MDO
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MDO Process formalization
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MDO Stored as CMDOWS niegration
Framework?

Automated Translation

Architecture?

What about?

)  e=EMIDIAIO

Details Later ©

CMDOWS
Common MDO Workflow Schema  IDF

@ 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

next generation of collaborative MDO
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AGILE Development Process

= Support the automation of collaborative MDO processes
= Management of Product Development Processes

AGILE Framework

aking AGILE

AGILE DP U

Q KE-chain
B

S
- Collaboration

cpacs  VISTs an,

aﬁi'imus"

@eEmMIDIAIO S
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Next StePS + setup of distribution

Challenges for the next generation MDO MDO problem

Quick setup of large workflow of tools and people
Deploy distributed cross-organizational design processes |
Lack of formalization of MDO processes S\ - X N= i

AGILE Framework
decision making AGILE,

AGILE achievements

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

MDO processes formalized

Product Development process streamlined open m E] m @

Exploitation in the (open)MDAO Community + ; if)‘l’)ll‘;’;;’?g Eiiie MO0
Extending the collaborative MDO community
What about AGILE supporting the setup of openMDAO problems?

o next generation of collaborative MDO
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More information about AGILE:
www.agile-project.eu

”Can We Establish a
Collaborative MDO community?”
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Evolution of MDO in aeronautics
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Operational







source: Boeing



Extended Supply Chain





source: dlr.de













Technologies

source: dlr.de

source: p.d. ciampa, b.nagel, "The AGILE Paradigm: the next generation of collaborative MDO,"AIAA 2017-4137
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Today’s Challenges  for aircraft development (and MDO)

3

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 ?

next generation of collaborative MDO
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MDO playground
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Pool of Simulation Tools

Integration and Optimization environments
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Current Challenges in MDO RTD Projects

5

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

next generation of collaborative MDO
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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

7



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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Next generation MDO enablers

8

1





design competences









2



common language











3

4



knowledge integration

































process orchestration





next generation of collaborative MDO

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

www.cpacs.de 









8



AGILE Development - Phases

9







AGILE Framework

Requirements

Design for X strategy







design process





design tools





decision making







MDO execution





+ new requirement

change strategy



reconfigure



update

implementation





+ new capability























AGILE DP
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AGILE Development – Participative Agents

10





Design Task

TLAR







MDAO Process

Collaboration

Design Competence







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
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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
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AGILE – Collaborative Process

12

From TLAR to…flying!!!





Engines

Aerodynamics

High-lift

On-board systems

Flight dynamics

Structures

Mission analysis

Aircraft design

Cost assessment









RUSSIA





















GERMANY

CANADA

GERMANY

ITALY

FRANCE

RUSSIA

SWEDEN

GERMANY

NL

NL



Cross-organisational Aircraft Development





ITALY



SWISS

























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





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
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AGILE use cases & Scenarios

14





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
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MDO Process formalization 

15

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

16



PDP MGMT





Collaboration
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AGILE DP
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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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