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Towards the next Generation MDO

3rd Gen. MDO: a system of distributed competences

1) first (-80)

 Disciplinary Simulation and optimization capabilities
» Optimization Strategies for low computational power

2) second (~00-today)

» HPC capabilities and simulation distribution

» Automation of analysis capabilities
----------------------------------------------
3) third (next gen)

* Integration of expertise in the collaborative optimization
» Knowledge formalization of process and disciplinary domains
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Optimization

Central
Product Model

Iteration

N coveeen ]

_____________________




,Having Tools“ is not ,,Having Skills*“
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European _| T,
Commission

Esetutive Agency

EU funded H2020 project: 06/2015-11/2018

19 International Partners (EU, Russia, Canada)
~9M EUR, ~120 MM
Coordinated by DLR in Hamburg

EU project dedicated to next generation MDO processes

#AGILE
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Speed of Innovation in Aeronautics

= 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
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Can we accelerate aircraft

development via MDO?
Tomorrow ?

Today (~10 years from TLAR to flight)

Number of parts: 6 millions

source: dlr.de

Design changes per year: 150 000
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Aircraft Development and MDO pFOCﬁS\S'

process formulation U decision making

update
implementation

Setup phase: 60% - 80% project time*

+ new requirement
change strategy
change architecture

;! YAy
b 4 ‘{&1

reconfigure

m MDO process execution

+ new capability U

- Lack of agility
Requirements /\
Design for X strategy U *survey of last 20 years of MDO RTD oriented projects [3-5 yrs],
Architectural Decisions source: p.d. ciampa, b.nagel, "The AGILE Paradigm: the next generation of collaborative MDO“

AIAA 2017-4137
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° ° process formulation decision making
AG I L E Am b] t] o n i) iqn’:la:l:emalim ;".-l.." !

+ new requirement
change strategy
change architecture

Objectives:
* Realize the next generation of MDO processes

* Reducing aircraft MDO development time 40% /'

MDO process exwcution

+ new capability

Requirements
Design for X strategy
Architecturol Declsions

« Enabling Collaborative Aircraft Design

Accelerate the setup of large scale collaborative distributed processes

Support collaborative operation of design systems: people and Jools

Efficient collaborative Optimization techniques

AGILE Configurations

ﬂ. ﬁ G I L E AGILE - next generation of collaborative MDO
ass ICAS AWARD FOR INNOVATION IN AERONAUTICS - Bjdrn Nagel, Pier Davide Ciampa, DLR - November 9, 2018 8




What do we need for the next generation MDO?

oces
common languages
ation
A - -
'_; g , '

knowledge
integration
B =

design competences

Lpacs

...........

AGILE Paradigm: “a blueprint for collaborative MDO deployment”
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AGILE Paradigm - Participative Roles

Architect Collaborative Eng.
Integrator Specialist
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AGILE Paradigm - Knowledge Layers

Participants Entities Development Process Data &
Schemas
=5t -
= —
Architect ?
Process model
CRy )
QW7 Automated Design
Ty
I W :
Collaborative
Eng. Design
processes Workflow
schema

L

Integrator

x Design Competence
M ?‘ I D : Opt.
o Specialist Discipline [l Analysis s Methods
Specialists models Data schema
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AGILE Paradigm - Development phases

= Requirements Modeling and Management
= Formalization of Product Development Process (PDP)

Q KE-chain 2 Tmty Qe B Ubrwen © & @
& Tasks
foen] I
- o ]
:
- - |
.
=
-
- -
. -
-------------------------- \
O O AGILE Development AGILE Development
s | " s . . .
P m m . Formalization Implementation
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AGILE Paradigm - Model Based Framework

AGILE Framework

design process

AGILE PDP - MBSE

+ new requiremen
change strategy ‘

design tools

change architecture

reconfigure

~ + new capability

cpacs

Requirements
Design for X strategy

KADMOS

MDO execution

decision making

update
implementation

VISTOMS
id8

0 w00 A cunnen

JIUCH

RICIE|

Desion for reoal

Optimus®
|BRICS|

!.
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~AGILE
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AGILE Framework - Cross-organizational
AGILE Framework

“AGILE _

design tools

MDO execution

+ new capability EEE
% cpacs Optimus®
|BRICS]|
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AGILE - Collaboration challenges

= Knowledge Modeling and Collaboration

= Design Competence wrapping process (right syntax) - Speaking the same “language”
= Disciplinary interpretation process (right semantic) - Meaning the same “Concepts

= Design Competences Integration - Accessing and providing “tools and knowledge”

airinnova

A s st

§C930§ https://cpacs.de
e AGILE reference aircraft disciplinary models by Partners from a single source

ﬁ.JAG I L E AGILE - next generation of collaborative MDO
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AGILE Phase 1

- from TLAR to “flying” in 15 months
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AGILE - Service Oriented Architecture

“AGILE

{

A workflow of “prov:ded 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
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AGILE Framework - Automation & Optimization
AGILE Framework

design process

update
implementation

MDO execution

KADMOS

Design for reol

Optimus®
|BRICS|
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Design Process Automation
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Collaborative Inspection

(1)
.. VIST /OMS
VAR @XPSM (4) Edge Bundles (4) Sankey Diagram Inspect E

. . & validate
DUT Wing Design - RCG

DUT Wing Design - MDG Converged DOE Jacobi
Inspect
Welcome to VISTOMS, the VISualization TOol for MDO Systems! & validate ?‘ ;»’

To Inspect an MDO system, go 1o one of the visualkzations In the navigation bar (XDSM, Edge Bundles, or

Sankey Diagram). Then select a graph from the dropdown meanu

If you need healp with how to use the visuakzation package, there 1s a tulonal video avalable. Just click on the Ins eCt i
“Tutorial* symbol in the top right corner « p
& validate

~
TU Delft
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AGILE Phase 2 - 1 aircraft, 5 MDO scenarios in 12 months

Multi-Fi Models @ Partners

OAD - Lo-Fi

Propulsion OEM On-board systems Architectures

AGILE - next generation of collaborative MDO
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AGILE Phase 3 “Ongoing” - 6 aircraft in 15 months

AGILE Configurations
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AGILE Phase 3 “Ongoing” - 6 aircraft in 15 months

AGILE Configurations

¥ Fas
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AGILE Project Outcome AGILE Academy:

15 International Organizations
NOT in AGILE using the AGILE framework!
Accelerating the deployment of design and optimization processes

Large-scale cross-organizational MDO processes of tools and people
AGILE Framework operational with 19 partners

AGILE Aircraft Database: e -
« Database of novel configurations for follow-on projects -

* 6 novel aircraft configurations accessible (data and models) AGILE=
Current aircraft results are already exploited in running projects

Academy I"“I L ?g =
{

st ed  ~oah b Ve (OGO mEREITH

f\ e
AGILE Technologies:
+ The AGILE framework released as open-source

* Prototypes already exploited in internal and external projects
AGILE Paradigm a “blueprint for collaborative MDO”

AGILE Achievements:

ﬁ.JAG I L E AGILE - next generation of collaborative MDO
Ty 'S,

ICAS AWARD FOR INNOVATION IN AERONAUTICS - Bjdrn Nagel, Pier Davide Ciampa, DLR - November 9, 2018 26



AGILE ACADEMY AAw(dﬁele.E https://agile- prOJect eu/aglle academy

Se®
= Objectives of the Initiative: =7
1. Introduce the “AGILE Paradigm” in Education\Research

2. Release the AGILE technologies outside the Consortium
3. Enable “effective” Collaboration among multiple institutions

1) Distributed Competence 2) Collaborative aircraft design

3 Teams ¥

 —

w
9
Il S mat
= 00 B0 | “aa
k‘ﬂ"_ ——— 3 h \
A “\%\ 3
® o
[ T .. II (o

— 1st AGILE Academy Workshop in Hamburg
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Innovation via Education
founder of:

CASIMIRO MONTENEGRO

1946 1950
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AGILE - Next generation collaborative development
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