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Complex Systems Design Challenges

» Systems are subjected to stricter constraints
to integrate more disruptive technologies

= Many possible architectural solutions

= Technology selection, function allocation,
component arrangements, sizing parameters, etc.

= Non-linear and non-trivial performance impacts

= Need a method that:

= Automatically searches the design space for the
“best” design solution

= Applies multidisciplinary simulation and analysis

»System Architecture Optimization
(SAO)
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Quantitative Architecture Evaluation A#y
DLR

= Systems engineering IS a

fundamentally holistic discipline
= Should consider all involved == S
stakeholders and engineering woer
disciplines and their influence on the e Diplacements
design
» Physics-based analysis for novel
systems e

= Cannot rely on previous experience

Fuel Fuel
computation |  consum ption

»Multidisciplinary Design Analysis
and Optimization (MDAOQO)
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DLR’s System Architecture Optimization (SAO) and MDAO
Methodology and Tools DLR

-« ADORE ZaMDAX

MDO Workflow Design Accelerator

inDedHg =

Up-Stream SR o Down-Stream
Stakeholder vsi
Analysis Ana ysIS,
Requirements > Collect functional requirements ~ *—* > Easy-to-use interface for defining \élsu_a!lzatll\jlmf(_

/0 ecision Making, ...
Management, ... > Allocate boundary functions to

components > Intuitive and responsive XDSM-

. . based user interface
» Model architectural choices

» Data connection inspection and

» Natural transition from problem to editing
solution
_ . » Continuous feedback on
> Less prone to solution bias workflow status
» Directly traceable to requirements > One-click export to PIDO platform
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Bridge between System Architecture Optimization (SAO) and MDAO é
DLR’s Strategy
DLR

»t: ADORE PaMDAX

MDO Workflow Design Accelerator

...need different
MDAO workflows

Different system
architectures...

High effort to
manage multiple
workflows....

What if the design
space contains 100
/ architectures?

- === 1,000? 1,000,000?

Objective: develop a method to ) _ .
> automatically adjust MDAO workflow behavior Dynamic MDAO

» for each system architecture

re info:
arg, Sparsh & Sanchez, Raul & Bussemaker, Jasper & Boggero, Luca & Nagel, Bjorn. (2024). Dynamic
mulation and Execution of MDAO Workflows for Architecture Optimization. 10.2514/6.2024-4402.

°PE

Dynamic Formulation and Execution of MDAO Workflows for Architecture Optimization | Sparsh Garg | MDO Workshop




PROBLEM STATEMENT ‘#;?R

Challenges with Traditional MDAO

m Fixed variable sets and
data connections

® Manual reconfiguration
for each architecture

®m High risk of errorin
large design spaces

®m Incompatible with
collaborative, distributed
workflows
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Motivation

Why do we need Dynamic MDAQO?

Complexity in early design o | o SN
phases : N = \

SAO demands evaluation of DYNAM'C
many architecture variants M DAO

Traditional MDAO workflows =
8 static, inflexible SYSTEM MDAO

ARCHITECTURE

OPTIMIZATION & |
Need for automation, flexibility, N

and traceability

N
\7‘ \”
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Main Questions

* How do changes in system architecture

influence the MDAO workflow? x Tl

* How to support such influences in MDAO
workflows?

I
\HI
U

DLR
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Influence 1: Conditional Variables

= Conditional variables:

» Variables whose existence in the MDO problem
depend on an architectural decision

» Example scenario: component-specific variables,
depending on whether that component is selected
or not

» Also applies to more complex data
structures

= Examples:

= Winglet inclusion choice
= Number of ribs
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Influence 2: Data Connection

DLR
Ii,anding Gear geom etry/ / Fuselage geometry / / Wing geometry /
) I
= Data connection: . H Canding Gear Toads |
= Connections between design I
disciplines might change because of el S
an architectural decision
= Example scenario: changes in s
function allocation
Ii‘anding Gear geom etry/ / Fuselage geometry / / Wing geometry /
» Example: landing gear placement ' I
Landing G;aar Loads landingiGearfioads /

2:
Fuselage Structure

2:
Wing Structure
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Influence 3: Discipline Repetition A#y

/Englne geo metry (xm

Englne welght (xg)/

* Discipline repetition:
= Disciplines might have to be repeated

a different number of times depending
on the architecture

Propulsmn
= Example scenario: components can

Total _weight /% Welght
be instantiated multiple times, a

d|SC|pI|ne needs to be exeCUted for /Enginel_geometry/ /Engine2_ge0metry/ /Engineg_geometry/
each instance [

L Engine1_weight /

» Variables and connections may Propulsion 1 K
change for each iteration I

1:

Propulsion 2 Engine2_weight /

= Example: number of engines propeision s HEngineg_weight/

= Series or parallel configuration
/ Total_weight We2ig:ght
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Influence 4: Discipline Activation A#y
DLR

» Discipline activation:
= Disciplines in the workflow might be needed or not depending on an architecture choice
= Example scenario: technology selection choice requiring different calculations

» Example: fuselage material choice

1:
Previous part of the workflow ﬂ | Inputs /
2a:
SSBJ-Structures-Metallic

2b:
SSBJ-Structures-Composite

3:
Continuation of the workflow
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MDAOQO Process Modeling and Deployment

€ ce 0 @ ke chan com “-® imme PHg

s = z < R
Pro;gcvt.‘Workpackage 4 - MDAX Tutorial: New project ol EriD =h? 06
fm Tool ETooksBatch %°Sut 8 Base Sche < e Q&+ 1

gc'“’“ as common language
PaMDAX to set-up the MDO problem

o EEB to execute the MDO problem
of

TaMDAX

MDO Workflow Design Accelerator

MDO Workflow Design Accelerator

EF%B Easy-to-use interface for defining |
and Output of available models

nput

‘ “ Intuitive and responsive XDSM-based

user interface

? Continuous feedback on workflow
° status

m One-click export to RCE

.fj.; Data connection inspection and editing

(Open access: https://mdax.mbse-

env.com/light/

Limited functionality for non-
commercial use

Full access request, question,
gueries, collaboration: mdax@dlr.

de

J
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Application Case: Launch Vehicle Architecture

DLR
= Maximize m_payload
Minimize Cost
W.rI.t. n_stages € {1, 2, 3} i1
n_engines,i € {1, 2, 3}, =1, .., n_stages iy
EngineType_i € {SRB, P80, GEM60, VULCAIN, T
RS68, SIVB}, =1, ..., n_stages
0 <|_stage,factor,i < 1, i=1, .., n_stages
10 < LDRatio < 11 HA AAA
HeadShape € {Cone, Ellipse, SemiSphere}
- If Cone: 28 < ConeAngle < 32 [C Fn om]
- If Ellipse: 0.15 < LengthRatio < 0.21 73 -
_ , (esoiser ) (22 (i)
subject to AV Margin <0 i d e
StructuralMargin < 0 (el ) (. JLN.-d ) (e
VolumeMargin < 0 T — "
» 18,522 possible design architectures -

Engine Assembly

» Infeasible to manage separate MDAO workflows -FUN
__| Generate Thrust ::::::""“-m\ﬁuedby

uuuuuuuuuuu

- fulfiled by qfiieg by fufiled - B
» | 4 A 4 ) « <

COMP: COMP: COMP: COMP: COMP: COMP:
VULCAIN SRB RS68 S_IVB P80 GEMG60
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Launch Vehicle XDSM

Connection established
based on propulsion type
(data connection)

Activated based on
propulsion type
(discipline activation)

Various parameters that only
exist based on propulsion
type and head shape
(conditional variables)

DLR

h_grbit maxQ Payload_density
gl;t?,,;z;; [Engine,] [Engine] e [Engine ],[e].L,_D L ,[R ] fy/ [Engine ] (Engine, 1,1 [f), [Engine ] [Engine,]
N xN
1: s
Solid propulsion T -
Activation:Engine, ¢ .
[SRB|P80|GEM60] a9 xN,
Liquid propulsion :
r\ Activation:Engine, © T’[Ae/A ! Lm
[VULCAIN|RS68|
SIVB]
18 v LIV 1V th 1,IvV j‘Head surface,[S _],[S diameter Head_volume
Geometry_calculator tEt 10 Vg tF? tol/ = st o) =
/ 2: xN, I
/ Propellant mass [MD(Eng ine,)] H [Mp]’[l\ip]’[Mo]Hﬁwv ]’[MF]’[MO]
Executed for each rocket = T I
N 3 s stlr:i/l:ture’ ] [tf\\z[lks ’ pu:ll'np Stﬁi/itmey ] [tﬁ/lfks > pump
. . - i Structural mass casing™’" " insulation ing’"" insulati
stage (discipline repetition) v
m_pay Traj(?c:tory h_vector,v_vector m_pay
Total_cost 4:
— Cost

Notation is not final yet!

/ Stuctural_difference

58
I ﬁ Ghreimrl EemeiTamt

/ Payload_difference
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Launch Vehicle Architecture Optimization Results

» Optimized using NSGA-II
= Evaluation budget: 4500

= 763 feasible architectures
» 32 designs in Pareto front
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Conclusions & Outlook

DLR

MDAO is essential for SAO

= 4 architectural influences
= Discipline activation & repetition O —r— 5 — o
= Data connection & conditional variables b
. . ‘ﬂi/ié]_/ T,m
* Implementation in MDAx and RCE T o=
- - e s s
= Demonstration: launch vehicle s e
= Various architectural choices
= Dynamic XDSM
" Future WOrk Sparsh Garg

- Implement dynamic MDAO in MDAXx GUI # Digital Development Process Group
_ _ Deutsches Zentrum
= Various improvements to RCE export DLR fiir Luft- und Raumfahrt
. German Aerospace Center
- Def”:]e proceSS to CO—develop SyStem Institute of System Architectures in Aeronautics
architecture and MDAO capabilities HAMBURG

Contact: sparsh.garg@dlr.de
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