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Towards the next Generation MDO

3rd Gen. MDO: a system of distributed competences

source: p.d. ciampa, b.nagel, "Towards the 3rd generation MDO collaboration Environment," in

30th Congress of the International Council of the Aeronautical Sciences, Daejeon, 2016
1) f"'St (~80) = Distributed Competence

» Disciplinary Simulation and optimization capabilities |
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| Optimization Parameter ; i

M
o

Central
Product Model

—

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

o AGILE - next generation of collaborative MDO
908..AG I L E ICAS AWARD FOR INNOVATION IN AERONAUTICS - Bjorn Nagel, Pier Davide Ciampa, DLR - October 4, 2018 3

Competence 2 N

Iteration

M
v

____________________



,Having Tools“ is not ,,Having Skills*“
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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

Globally Sourced

mmxmw»ej Can we accelerate aircraft
development via MDO?

3 Engine

Tomorrow ?

¥ Engine

Today (~10 years from TLAR to flight)
/‘&/
Q‘ Z e

o va fuselage

[ Forward center fuselage ﬂ ngin
U.K. H:‘%Eﬂ
.. W Number of parts: 6 millions -
— —r Design changes per year: 150 000 RQurce: dir.ds

SPAIN
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Aircraft Development and MDO proc?s§
process formulation

Setup phase: 60% - 80% project time* update
implementation

decision making

+ new requirement
change strategy
change architecture

¢ | egg / <

—

reconfigure

MDO process execution

"
+ new capability V

Lack of agility

Requirements m
Des’?:n for X St"at.egy V *survey of last 20 years of MDO RTD oriented projects [3-5 yrs],
ArChlteCtural Decrs:ons 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
AGILE Ambition B
implementation / | '=a = *
BT

+ new requirement
change strategy
change architecture

Objectives:

* Realize the next generation of MDO processes
* Reducing aircraft MDO development time 40% .
« Enabling Collaborative Aircraft Design i’

Architectural Decisions

MDO process execution

+ new capability

Accelerate the setup of large scale collaborative distributed processes

Support collaborative operation of design systems: people and Aools

v

Efficient collaborative Optimization techniques

AGILE Configurations
G g _/,
% — % g~ -
AGILE - next generation of collaborative MDO
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What do we need for the next generation MDO?

: design process knowledge
design competences common languages : : :
orchestration integration
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AGILE Paradigm: “a blueprint for collaborative MDO deployment”

source: p.d. ciampa, b.nagel, "AGILE the Next Generation of Collaborative MDO: Achievements
and Open Challenges” AIAA 2018-3249
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AGILE Paradigm - Participative Roles

source: p.d. ciampa, b.nagel, "AGILE the Next Generation of Collaborative MDO: Achievements

and Open Challenges” AIAA 2018-3249

= Define the design task and

product metrics

= Formalize the design phases

and process(-es)

o B
- =aTe)
Architect

Integrator

+ B

= Formulate the integration and

optimization strategy

= Formalize the MDO process(-es)

+SAGILE

ICAS AWARD FOR INNOVATION IN AERONAUTICS -

%%

Design Task Collaboration
MDAO Process Design Competence

S S

Enable the collaborative
operation of the system

Formalize the collaborative
process(-es)
M.

/
;_\ *\////: 8
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Collaboratlve Eng.

AVD O

Provide Design Capabilities

Formalize the disciplinary
knowledge
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AGILE Paradigm - Knowledge Layers

source: p.d. ciampa, b.nagel, "AGILE the Next Generation of Collaborative MDO: Achievements
and Open Challenges” AIAA 2018-3249
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AGILE Paradigm - Development phases

= Requirements Modeling and Management
» Formalization of Product Development Process (PDP)
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AGILE Development AGILE Development
Formalization Implementation
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AGILE Paradigm - Development phases

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

Product development stages

Conceptual Preliminary
design design

3
Formulate '

Define MD AO iR

design case

5
Inspect
A~ design study
\)

M.

—_———
—_———
— e —
_——
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AGILE Paradigm - Model Based Framework

AGILE Framework

AGILE PDP - MBSE

+ new requirement
change strategy
change architecture

Q\A,e
A g

Requirements
Design for X strategy

design tools

+ new capability

c: cpacs

r Aircraft Desigr

design process

KADMOS

decision making AGILE_'
update "
implementation 7

‘‘‘‘‘‘

source: p.d. ciampa, b.nagel, "AGILE the Next Generation of Collaborative MDO: Achievements

and Open Challenges” AIAA 2018-3249

#SAGILE
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AGILE Framework - Cross-organizational
AGILE Framework

#AGILE

ﬂfii

design tools

MDO execution

+ new capability mﬂﬁ

Design for real

> Y Optimus®
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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”

DI TORINO

b
R
aILR . | R\NTHAACHEN

= UNIVERSITY

airinnova

Engincering Soutions and Innpwations

@ AIRBUS

c: CpaCS https://cpacs.de

AGILE reference aircraft disciplinary models by Partners from a single source
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AGILE Phase 1

- from TLAR to “flying” in 15 months
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Cross-organisational Aircraft Development

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

AGILE - Service Oriented Architecture

ervices”
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

o AGILE - next generation of collaborative MDO
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Desigh Process Automation

SAGILE 7 e s a—e
oo L
MDF e 3'_,|I1_,n_l__ml_!. ‘
L _T ﬁ !
W/ > I =
NERC. I oot e o {8
ey B ey r MDO Integration ]
3 e Stored as MDO Model 9 Automated Translation

Architecture? Framework?

Recent work
CMDOWS se=RlMIDIAIO

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

o AGILE - next generation of collaborative MDO
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Desigh Process Automation Flexibility Achieved:

*  Generation of Design Process Architectures
Fully Automated

» Assessment of different design strategies

—> Objective Function

6400

T
e M DFgs
s MDF}j

w— [DF

P e SR e D

\“ AT ] ) 6000 ff -4
Design / Monolithic 2 computation performance . ||.

Process
f@ ™ sso0d

> 5000
0

HEEE— —i— Optimization Iterations

Distributed - for Organization structured in disciplinary departments

source: f. torrigiani, p.d. ciampa, "MDO Architectures Comparison on Analytical Test Case
and-Aerostructural Aircraft System Design Problem”, 6t CEAS Conference, 2017
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Design Process Automation

source: f. torrigiani et al., "DESIGN OF THE STRUT BRACED WING AIRCRAFT IN THE AGILE
COLLABORATIVE MDO FRAMEWORK” ICAS 2018

594 connections H 6: 3285 connections

5: 3 connections

0, 14
COOR

14 5 outputs

14 T outputs

1: G inputs f—/ 2 1 npat H 3: 250 inputs ”

14: 2 output
aituly

1k 2 outputs

11: 23 inputs f—f 12: 43 inputs /
3 -
SecondaryMassCalc H 6: 14 connections
6:
7 P onBoardSystems-desigg f :
45 49 { 11: 2419 12: 4 connections
4 1z
p-aeroelTailoring SURROGATE | i
4: I
FlexiblePolars SURROGATE
F 2 1 |
’i 11: 7 I / 7 12: 1 I
ion e 11: 20 connections e 12: 2 connections |
)
11: 4 i

14: 1 ontput

9: 2 connections e 11: 11 connections e 12: 2 connections |

14 1 outputs

b 9: = I el fl I
10: 1 i baDae; 11: 1 ! y: 1% 2
11: ;
12: 3 connections
asts A

/ 14: 1 outputs H 13 1 .

12:
Objectived-Constraints

; ogﬁAG | L E

AGILE Strut Braced Wing AGILE - next generation of collaborative MDO

ICAS AWARD FOR INNOVATION IN AERONAUTICS - Bjorn Nagel, Pier Davide Ciampa, DLR - October 4, 2018 22



Collaborative Inspection
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source: b. aigner, i. van gent et al., "Graph-Based Algorithms and Data Driven Documents for
Formulation and Visualization of Large MDO Systems”, CEAS Aeronautical Journal, 2017
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AGILE Phase 2 - 1 aircraft, 5 MDO scenarios in 12 months

Multi-Fi Models @ Partners jm= == mmmm ey
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AGILE Framework - Product development
AGILE Framework

decision making

AGILE PDP - MBSE

+ new requirement
change strategy
change architecture

Requirements
Design for X strategy

o AGILE - next generation of collaborative MDO
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AGILE Distributed Development Process

Aircraftlengineletc. product development process . Requirements MGMT

* Problem Definition

 Link to the “executable” world
» Collect the info\results

« Engineers in the loop

Specify

design : S gesi « Understanding the process
. « Traceability of the (detailed) info

: — ‘ Objectives %:
e e — - &= Input\output?‘ W = =
— = - L =]
! = . B
BLISS '
L
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AGILE Phase 3 “Ongoing” - 6 aircraft in 15 months

AGILE Configurations

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

AGILE Configurations

sl
> AGILE - next generation of collaborative MDO
+SAGILE
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AGILE Project Outcome AGILE Academy:

15 International Organizations
AGILE Achievements: 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:
» Database of novel configurations for follow-on projects

* 6 novel aircraft configurations accessible (data and models) AGILE=

. . . . . Ny
*  Current aircraft results are already exploited in running projects Academy (4 L7 | = o —— o
|

Z T — b View, efe msmiI=11
> S TS SRS el - W —
F=g P P A

DO
AGILE Technologies:
+ The AGILE framework released as open-source

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

o AGILE - next generation of collaborative MDO
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AGILE 7= https://agile-project.eu/agile-academy

AGILE ACADEMY Academy,
Se®
= Objectives of the Initiative: O

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 é 5& h

T » Yen
Wh
U

NV

— I@ﬂ
>
//
Al

Competences Areas

AN
b

15t AGILE Academy Workshop in Hamburg
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Wrap-up

Challenges for the next generation MDO

Enable the setup of large design and optimization processes of tools
and people (cross-organizational)

Formalization of the PDP and MDO processes

AGILE Progresses

AGILE Paradigm: quick setup of coherent MDO process

AGILE Framework operational with 19 partners

Year 1: 2 MDO workflows (scenarios), conventional, manual
Year 2: 16 MDO workflows, conventional, AGILE Framework
Year 3: 6 MDO workflows, un-conventional, AGILE Framework

Mool A

AGILE @ PARADIGM
bata&
1

;’\\ ﬂ_QQQJ

N

o AGILE - next generation of collaborative MDO
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Achievements

MAATIAN
RYIRI IV

AGILE special sessions
Special MDO session on AGILE

AGILE presented at the High level Forum 360 Panel with EC
representatives on “Aviation Transformation in Europe”

AGILE @ Air Shows
Flying simulator at the EC stand
AGILE presented at the workshop “Disruptive configurations”

A 3 International
31st Congress of the t <
council of the Aeronautical Sciences

/" Belo Horizonte, Brazil

AGILE at ICAS 2018
Special MDO sessions on AGILE
ICAS ,,Award for Innovation in Aeronautics“

m 31st Congress of the International

ICAS

=ois | Council of the Aeronautical Sciences

+ 7

o AGILE - next generation of collaborative MDO
s .AG I L E AGILE - Pier Davide Ciampa, DLR - October 4, 2018 32



AGILE Team

Fernass Daoud
Reinhold Maierl
Arthur Rizzi
Tomas Melin
Mengmeng Zhang
Bruno Tranchero
Giovanni Cerino
Giuseppe Piscopo
Luciana Loverde
Roberto Labruto
Nicola Catino
Fassi Kafyeke
Graham Potter
Balaji Periyapatna
Hugo Gagnon
Jasveer Singh
Stephane Dufresne
Aidan Jungo

Dominique Charbonnier

Jan Vos
Aleksander Lanshin
Alik Isyanov

Artur Mirzoyan
Pavel Toktaliev

Airbus
Airbus
Airinnova
Airinnova
Airinnova
Leonardo
Leonardo
Leonardo
Leonardo
Leonardo
Leonardo
Bombardier
Bombardier
Bombardier
Bombardier
Bombardier
Bombardier
CFSE

CFSE

CFSE

CIAM

CIAM

CIAM

CIAM

#AGILE

Bjorn Nagel

Erwin Moerland
Francesco Torrigiani
Jan-Niclas Walther
Jonas Jepsen
Kathrin Althaus
Olaf Brodersen

Pier Davide Ciampa

Prajwal Shiva Prakasha

Stefan Keye
Xiangyu Gu

Sascha Zur

Luc Hootsmans
Ton van der Laan
David Cooper
Joost Schut
Bastiaan Beijer
Stefan van der Elst
Erik Baalbergen
Huub Timmermans
Jos Vankan
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19 Partners
25 Sites
>110 Members

K

>70 Tools
8 Platforms
9 Aircraft

g

>120 papers
~40 thesis
~15 sessions
2 Academy
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More information about AGILE:
www.agile-project.eu

AGILE Coordinator: pier-davide.ciampa@dlr.de
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