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SimulationDriven Design (SDD)
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Data-Driven Engineering (DDE)
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History and majortechnology and productipgrades

SimulationDriven Design DataDriven Engineering
A Robust variable geometryEully- and partiallyparametric models - A Verticals:Workflows,applicationspecific functionality, web apps

A Integration: Flexible coupling to external simulation codes A Usability: UFUX improvements, morphing, operations
A DoE and optimizationData generation and data management A Machine Learning and AINSIGHT

Foundation of Foundation of
Friendship Systems FRIENDSHIP SYSTEMS AG

,, 2007 ,, 2015 17 2(:):21 2023 2025 2026 >
501 7/ 7/ T
CAESES®2026
CAESES®5.2 CAESES®5.3  INSIGHT
CAESE.0 Turbomachinery Special Maritime Special
(rebranding) A Introduction of A Workflows as an integral part of
Workflows application-specific packaging

First releasé-RIENDSH{Pramework Releaseof CAESES®5.0

(CAESES® predecessor) A Parallelizationresults in massive performandmost

A FulHledged procesintegration A NewGUI desigrand vastly improved user experience

and design optimization platform A PowerfulRBFmorphing capabilities

A Dimensionality Reduction
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Looking back
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Young and innocent in 2001

7 FRIENDSHIP SYSTEMS@Z(E



FRIENDSHIPramework replaces FRIENDSIMBdeler in 2007
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GUI in 2010 with fi

rst numerical hull series

BB FRIENDSHIP-Framework - S:/onTourData/hiper/fast_mega-yachtExploration.fdb*
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Design velocities for parametriadjoint simulation

All free variables Beam at deck
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Transom height
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Introduction of parametricadjoint simulation

Variable Design Software Parametric- Line search &
Geometry Velocities Connection adjoint Gradient Assessment
|
: Read data from
| output file(s),

Write instance(s)
l of input file(s),

e.g. geometry | e.g. sensitivities
Output file(s)

# Output

Trigger tool
execution

Adjoint CFD
(run in batch-mode)

Input file(s)
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Design velocities for investigating parametric models
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PCA for dimensionality reduction

B e s KLE mode & main blade KLE mode 2 diffuser
1 ANGLE_HUB * -10 0 10
2 ANGLE_SHROUD r -10 0 10
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Introduction of PCA

KLE to CAD back-
transformation

Variable Pre- External Post- Optimization &

Geometry processing Simulation processing Assessment
1

Read data from
output file(s),
e.g. flow field

Output file(s)

# Output

1
Write instance(s) :
of input file(s), |
e.g. geometry !

Trigger tool
execution

CFD
(run in batch-mode)

Input file(s)
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Sequential vs. parallel processing
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videos/CAESES4_vs_CAESES5.mp4

Design synthesis in combination with surrogates
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Design phases classicview of design spiral vs. holistic view

mission
requirements

main dimensions and
preliminary powering

cost
estimate

lines and
body plan

damage
stability

capacities, trim and

hydrostatics design synthesis intact stability

light ship
weight estimate

floodable length
and freeboard

arrangements

(hull and machinery) powering

structure
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Synthesis model: OSV

H-Intact stability

Input: Qutput:
Hull geometry IMO469
CoG Max heel and trim — 2= .
Basic hydrostatics Go/No-go Motlons
Output:  KONGSBERG Crane info ==
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Crane motion limits Operability

Sea spectrum

SHIPX - VERES

Weight estimations -m Station keeping -

Input: Output: Input: Output:
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Thruster config. fixed

Coefficients Lightship weight
1 Operation. VeG/GM,

Thruster location
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Waterplane shape SHIPX‘SK

Wind and current

mption Sever Resista

Input:

Input: Output: Propulsion dim.

Power Fuel consumption Hull geometry
Thruster sizes Input: Output:  KONGSBERG Speed
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Synthesis modelRoPaXerry

,;stabllltv

L in

" Hull shape
Compartmentation

Mass center

Intact & damage

Output:

Stability data
Attained subdivision
index

NAPA

Steel w. / light weight

Input: Output:
Steel weight
Lightship weight

Hull shape -

Topology of se:t]ons

Shlp tvpe
Hull shape
Scantlings

Y

Funded by the — iR
European Uniol

7
g
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Hull design

~ Output:
* Hull shape
Hydrostatics

Input:
Main dimensions

CAESES model

&7 TICETENA
FINCANTIERI

S oeck 3
2 - Output:

DECK

“Any external tool

19

Wave res.

Input: Output:
Hull shape Wave resistance
Operational profile

v-Shallo

RANSE

Input:
Hull shape

Operational profile
Propeller

Seakeeping &

added resistance

Input: QOutput:

Hull shape Seakeeping RAOs

Operational profile Added resistance in

Sea states waves
NEWDRIFT+
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Synthesis modelRoPaXerry
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g
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Hull design

Input: - Output:
Main dimensions Hull shape
Hydrostatics

CAESES model

Steel w. / light weight

Input: Output:
(-« Hullshape . Steel weight
Topology of sections Lightship weight

T.I | BV Mars / Steel

input: I CETENA
Ship type . . FINCANTIER
Hull shape PR Output:
Scantlings E
Yard sl:lec\fic%aié, W i 5o ’ e
é. SFSfeature _
- =4 : El pecl :"—:’E“‘ﬂ ECK
e : T Any external tool
Funded by the
European Union “ 20

RANSE

Input:

Hull shape
Operational profile
Propeller
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Selected results foRoPaxerry

50 - - __26
(5]
=) 5 24
W @
5 25 =2
S B 20
= 0+ | =
E g 18
> 25 g 16
o o
= . -g_ 14
-50 e 12 | | |
100 120 140 160 015 -01 -0.05 0 005 01 015
Building cost (million USD) Aindex margin
23500 50
TN 2 23000 =
| \\\\\\‘ —- 7]
;ﬂ\\\\\%\\\ = 22500 2
\\\\\\\ \\\\“txx\\\““\\' -;,;/,,,',', /”5’ g 22000 s
\\‘&‘\‘3“2 R 2 11500 = '
*&\?&Q‘\:*M@ Y c £
o —
3 21000 >
3 20500 =
0
& 20000
-0.15 0.1 005 O 005 01 0.5 20000 20875 21750 22625 23500

A index margin Propulsion power (kW)

Funded by the
European Uniors - 21 FRIENDSHIP SYSTEMS © 2(E




Comprehensive toolbox for parametric modeling
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Comprehensive toolbox for parametric modeling

Traditional
modeling
Vertex .
control ",

Point / data .
manipulation ‘.

Partially-parametric e .
modeling (PPM) e,

Added patch Free-form
perturbation deformation (FFD)

Radial basis Shifting/ Morphing / Fully—parametrlc
functions  swinging merging modeling (FPM)
Lofting/ MetaSurface
skinning approach

CsT

.

.
.h

Flexibility of creating any shape

v

Efficiency of creating variants
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Parametric model with more than 100 but#ih constraints

LOUIS YUITTON CUP WINNERS
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Parametric modeling for additive manufacturing in 2022
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Documentation and videos
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Comprehensive online documentation

vt D .-

= CRESES Q

CAESES User
Guide

CAD for Automated Shape
Optimization

This help portal gives you the essentials of
parametric modeling, automation, software
connection and optimization with CAESES.

[:] Geometry Modeling

CAESES contains CAD capabilities to set up parametric
geometry models that are geared towards simulation,
as well as methods to deform existing geometries
such as STL data.

= Focus

CAESES focuses on automation, and on comple;
form surfaces which are often difficult to
parameterize in other CAD svstems

(I] [IJ IE] /i docs.caeses.com

Rgbust Variant Lreation

docs.caeses.com &
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Video channe

ws; D oo

Suchen Sie nach Videos, Wiedergab Q

Videos, Wie

Efficient Simulation-Driven
Volute Optimization
vor 4 Monaten « 21 Aufrufe

caeses

Suchen Sie nach

Automated Geometry Variation
and Assessment in CAESES

vor 9 Monaten « 96 Aufrufe

caeses

First Modeling Steps in CAESES

vor 9 Monaten « 251 Aufrufe

caeses

Analysis Tools for Imported Blades

Design and Optimization of
+ Ship Hulls and Propellers

vor 10 Monaten « 242 Aufrufe

Veroffentlicht vor 2 Jahren « 280 Aufrufe

caeses

Analysis Tools for Imported
Blades

vor 2 Jahren » 280 Aufrufe

CAESES
Von friendship_systems

caeses

Turbomachinery Design in
CAESES 5.2

vor 2 Jahren « 253 Aufrufe

Quickly analyze any imported or existing blade geome
try with the analysis tools in CAESES. You can now ea
sily extract the mean camber surface, determine the

caeses

blade and wrap angle (beta/theta) distributions, or

Cloud-Based Optimization of a
Compressor Stator
vor2 Jahren « 1

transform the 3D edges to the 2D merid..

ufrufe

Mehr anzeigen v

caeses

How to Design an Axial
Compressor with the Turbo
vor 2 Jahren « 271 Aufrufe

2 watch.caeses.com &
d m

caeses

—— watch.caeses.com

the 1urpo Machine Workflow

28

FRIENDSHIP SYSTEMS © 2




Dedicated workflows andappification
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Dedicated workflows

A Motivation A Workflows
I Stepby-step process for the geometrical I Turbomachinery
modeling of functional surfaces i Propeller
I Support designers in selecting and using i Ship modeling

context specific features (verticals)
I Keep the project structure clean and organized

i Speed up the modeling process
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Dedicated workflows

CAD Transformations Features Propeller Maritime Visualization CAESES — centrifugalCompressor*
[ Airfoil Blade Q_ Turbo Blade Analysis ~/ Find Intersection Curve on Blades | Blade Fillet [_, [_)
— Turbo Machine Workflow .~ Stream Section Q_ Turbo Section Analysis / Inverse Cylinder Transformation [ Maximum Fillet Radius Imports  Exports
/ Meridional Camber /" Inscribe Circles More -
Turbo Analysis Blade Fillets TE
. ra
Name ~|Search (Ctrl+F) = 14p ¥ Q x
ry
£5 compressor =
Model SEEAnpellen == ° Z meridionalContours =2
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2 ) y . _.. Vv Contours L
Connect » [ leadingEdgeMain B m |
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. 0]
e Shroud Contour meridionalContours | shroudContour | contour - ? C =
4 - 'S p—
[l | Shroud Gap Contour meridionalContours|shroudGapContour |gapContour - ? E 8—
|
Optimize s+ ® meridionalContours | leadingEdgeMain |edge |-
s+ ® meridionalContours | leadingEdgeSplitter | edge |-
Leading Edges ) B ?
Drop here to append / Leading or Trailing Edge with 1 Intermediate Point f
App View ¢ ® meridionalContours | trailingEdge | edge | P4 Leading or Trailing Edge with 2 Intermediate Points —
¢ ® ||/ Leading or Trailing Edge with 3 Intermediate Points
Trailing Edges
Drop here to append ||/ Leading or Trailing Edge - Straight
Utilities
Help -
ready D up to date 0% [ee
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Web applications based on CAESES
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Looking forward
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R&D and investments

A Ongoing
I RETROFIT55 Since 2020
(EU project within Horizon Europe)
i VITVI

(German project withifProFI)

I DesignAssist
(German project financed by BMWE)

A Upcoming
. Awarded by the
I FITHORIZONS Stifterverband
(EU project within Horizon Europe) FRI5113POT
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DesignAssist

A AlSupported Systems for the Design of
New Ships and Retrofits

I Strategic extension: Alupported design
evaluation within CAESES

I New capabilities: Weight estimation, stability
assessment, automated layoutsall parametric
and variantbased

1 Practical relevancdRoPaxand electric ferries as
demonstrators with direct link to the energy
transition
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Variation of the bare hull with tunnel kept constant

1
1
e == ‘
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