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Overview

Looking back

Simulation-driven design over 25 years

Dedicated functionality

— Design velocities and parametric-adjoint simulation
— Principal Component Analysis (PCA)

Synthesis and surrogates

Comprehensive toolbox

Dedicated workflows

= Looking forward

New R&D projects
— DesignAssist
— FIT-HORIZONS

CAESES Insight for data-driven engineering
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Simulation-Driven Design (SDD)

= 2002: “Never heard of it!”

= 2007: “It worked for a double-ended ferry.
But does it really work for a container carrier, too?”

= 2012: “We can do this by hand.
And simulations are not reliable enough anyway.”

= 2017: “Well, we would like to try it, too.”
= 2022: “All of our designs undergo SDD.”

J.C.R. Licklider, 1965

“People overestimate what can be done in one year,
and underestimate what can be done in ten.”

American psychologist and computer scientist
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Data-Driven Engineering (DDE)

= 1992: “A neural network?
What is the professor talking about?”

= 2003: “ANNs correlate input data and output data?
Really?”

= 2016: “What are surrogates?”
= 2024: “Where do we get the data from?”

= 2026: “We need Al to stay competitive!”

J.C.R. Licklider, 1965

“People overestimate what can be done in one year,
and underestimate what can be done in ten.”

American psychologist and computer scientist
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History and major technology and product upgrades

Simulation-Driven Design Data-Driven Engineering
* Robust variable geometry: Fully- and partially-parametric models - * Verticals: Workflows, application-specific functionality, web apps

* Integration: Flexible coupling to external simulation codes * Usability: UI-UX improvements, morphing, operations
* DoE and optimization: Data generation and data management * Machine Learning and Al: INSIGHT

Foundation of Foundation of
Friendship Systems FRIENDSHIP SYSTEMS AG
4, 2007 ,, 2015 17 2021 2023 2025 2026 >
S 7/ 7/ T
CAESES®2026
CAESES®S.2 CAESES®S5.3 INSIGHT
CAESES®4.0 Turbomachinery Special Maritime Special
(rebranding) * Introduction of *  Workflows as an integral part of
Workflows application-specific packaging
First release FRIENDSHIP-Framework Release of CAESES®5.0
(CAESES® predecessor) * Parallelization results in massive performance-boost
* Full-fledged process-integration * New GUI design and vastly improved user experience
and design optimization platform * Powerful RBF-morphing capabilities

* Dimensionality Reduction
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Looking back
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Young and innocent in 2001
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FRIENDSHIP-Framework replaces FRIENDSHIP-Modeler in 2007

B

Tl tat s Tokrs s b
E3J]

IR R
a1 Do

e T T T ETE
(R Y ]

pres—| " x
OptimizationHistory oD s suss
[T ]
= )
s, ey
] e
" . nbse o |
jog = 1w o
| s T wwacer |0 e
t . . YT
B [ -, T eadl e
~ . | Jeo 7506
IZ0ld|e 2o mS & alf i . [ o=
| Ctrectree. - ax ‘ . - :Z‘:: :
Iy e = = ?;J [ S B it Y
g o |® [omoad |47 &
[ o) | | Tor o )
e = i e
it ] L | | ——
[ b= ] e
ri g 0 i s
oot & ooy 5 1160008
et 8 “:hm

P —
1568 vel D
| 62 anca [ 14wz

O |V sy om0
O |V ooz [fa o1
O |V woies o [0
O | W e seizs lomseazs loa
@ woosoet [omenn o1
O |@smocon  [osases o1
0 (@ wwaan om0
D |@ o  owm  |n

1@ oo ooos ez o

o=

8 FRIENDSHIP SYSTEMS © 2026




GUI in 2010 with first numerical hull series

BB FRIENDSHIP-Framework - S:/onTourData/hiper/fast_mega-yachtExploration.fdb*

File Edit Create Integration Visualization Features

Toolbars  Windows  Help
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Design velocities for parametric-adjoint simulation

All free variables Beam at deck
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Introduction of parametric-adjoint simulation

Variable Design Software Parametric- Line search &
Geometry Velocities Connection adjoint Gradient Assessment
1 r

Write instance(s)

l of input file(s),

1
: Read data from
| output 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

TR e s KLE mode 1 — main blade KLE mode 2 — diffuser

1 ANGLE_HUB * -10 0 10
2 ANGLE_SHROUD v -10 0 10
3 MID_SHIFT_DELTA v -2 0 2
MID_SHIFT_POS ~ 0.3 0.5 0.8
BETA_HUB_LE T 40 45 50
BETA_HUB_TE v 45 50 55
BETA_SHROUD_LE * 25 30 35
BETA_SHROUD_TE ~ 40 417 50
BETA_TanFactor_HUB_LE T 0.4 0.5 0.6
BETA_TanFactor_HUB_TE * 0.4 0.5 0.6
BETA_Tan_HUB_LE > 45 -45 -35
BETA_Tan_HUB_TE ~ 65 -60 -55
BETA_TAN_SHROUD_LE * -15 -10 -5
BETA_TAN_SHROUD_TE v 40 -35 -30 . .
T DETSHRODLE SETE P KLE mode 3 — diffuser KLE mode 4 — main blade

THETA_DELTA_SHROUD_TE > -10 0 10
Diff_BETA_HUB_LE v 17 19 25

18 Diff_BETA_HUB_TE ~ 28 37
15 Diff_BETA_SHROUD_LE Delta v 45 2 35
20 Diff BETA_SHROUD_TE_Delta v 5 18
21 Diff BETA Tan_HUB_LE a0 W -0
22 Diff BETA_Tan_HUB_TE ~ 75 0 10
23 Diff BETA_Tan_SHROUD_LE -~ 30 2 -1
24 Diff BETA_Tan_SHROUD_TE ~ -0 120

2

Diff_THETA_DELTA_SHROUD_LE * -15 -3 8.5

2 Diff THETADETASHROUDTE  + -5 0 5
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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)

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

Trigger tool

Input file(s) execution

CFD

(run in batch-mode)
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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 — classic view of design spiral vs. holistic view

mission
requirements

main dimensions and
preliminary powering

cost
estimate

lines and damage
body plan stability
) . . capacities, trim and
hydrostatics design synthesis intact stability

light ship
weight estimate

floodable length
and freeboard

arrangements

(hull and machinery) powering

structure

17 FRIENDSHIP SYSTEMS © 2026 =



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 ==
Hull design Lifting weight NAPA Input:
Basic hydrostatics Hull geometry RAOS
Basic hydrostatics Limiting Hs, Tp
Crane motion limits Operability

Sea spectrum

SHIPX - VERES

Weight estimations -m Station keeping -

Input: Output: Input: Output:
Dimensions Steel weight RAOs Max. thrust
Thruster config. fixed

Coefficients Lightship weight
1 Operation. VeG/GM,

Thruster location
Windage area

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
) -‘ - L:r:::ﬁzdatabase Propulsors
- R . . COSSMOS Sailing thrust - SHIPFLOW
: . @ o &* e
- - &= o
= gy - @ o
Ez:‘j‘fja‘r’]"[}:;n - - . = | T=me gv-"-d FRIENDSHIP SYSTEMS © 2026




Synthesis model: RoPax ferry

,;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 f -
European Union ——

7
g
FRIENDSHIP SYSTEMS

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 model: RoPax ferry

[
g
FRIENDSHIP SYSTEMS

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 wx +  FINCANTIERI
Hull shape PR Output:

Scantlings E

Yard sl:lec\fic%aié, W e s

¢ CAFSES feature |

DE

-";:aiuﬁay external tool

Funded by the !E
European Union “ 20

RANSE

Input:

Hull shape
Operational profile
Propeller
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Selected results for RoPax ferry
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Comprehensive toolbox for parametric modeling
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Comprehensive toolbox for parametric modeling

Traditional

modeling
Vertex .
control ",

Point / data
manipulation ‘.

Partially-parametric ’ ..

modeling (PPM) . X
Added patch Free-form P ..
perturbation deformation (FFD) BTN

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

CsT

Flexibility of creating any shape

v

Efficiency of creating variants
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Parametric model with more than 100 built-in constraints

LOUIS VUITTON CUP

37"‘AMEI1ICA S CUP

- B
‘-E“-u“‘: FRIENDSHIP SYSTEMS © 2026
U e




Parametric modeling for additive manufacturing in 2022

25 FRIENDSHIP SYSTEMS © 2026 =



Documentation and videos

26 FRIENDSHIP SYSTEMS © 2026




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 channel

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
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Dedicated workflows and appification
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Dedicated workflows

= Motivation = Workflows
— Step-by-step process for the geometrical — Turbomachinery
modeling of functional surfaces — Propeller
— Support designers in selecting and using _ Ship modeling

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

— Speed up the modeling process
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Dedicated workflows

B DO 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
4 % compressor =
Model 4 _A impeller = ° Z meridionalContours =
4 | meridionalContours =
+ [ hubContour == , - General
- + [ shroudContour = Reference Radius 30 o) ?
g » [ shroudGapContour ?
) ) ) — v Contours
Connect » [ leadingEdgeMain B m
» [ leadingEdgeSplitter = Hub Contour meridionalContours | hubContour | contour - ? 1
e Shroud Contour meridionalContours | shroudContour | contour - ? C
4 - —
' | | | Shroud Gap Contour meridionalContours|shroudGapContour |gapContour - ? g
|
Optimize + ® 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

-~ o 8
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Looking forward

33 FRIENDSHIP SYSTEMS © 2026




R&D and investments

= Ongoing

— RETROFIT55 Since 2020

(EU project within Horizon Europe)

— VIT-VI
(German project within ProFIT)

— DesignAssist
(German project financed by BMWE)

= Upcoming

Awarded by the
— FIT-HORIZONS Stifterverband
(EU project within Horizon Europe) FRI5113POT
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DesignAssist

= Al-Supported Systems for the Design of
New Ships and Retrofits

— Strategic extension: Al-supported design
evaluation within CAESES

— New capabilities: Weight estimation, stability
assessment, automated layouts — all parametric
and variant-based

— Practical relevance: RoPax and electric ferries as
demonstrators with direct link to the energy
transition
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Variation of the bare hull with tunnel kept constant

LT
G USRS
AR

—

36
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ML results vs. CFD — Wave field for design with min. thrust

elevation (m)
0.14 0.12 0.1 -0.08 -0.06 0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
I ' L ——
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RETROFIT55 and FIT-HORIZONS

Engine

(model or surrogate)

Righting
moment

Rudder
(model or surrogate)

Propeller
(model or surrogate)

Ship hull

(model or su rrogate) EXPLOITATION OF RENEWABLE ENERGIES

Apparent K

wind

Rudder

RETROFITS5

Heeling
moment
. Hydro.
opellerthrust{newrps]l Resistance ! lift % \ ——
Drag =~ """ & -
Resistance C iyl

reduction

Data and surrogate
due to ALS

for WA

Wind assistance 4—.

Air lubrication
system

(model or surrogate)

38

Ship speed
w/ WA
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RETROFIT55 and FIT-HORIZONS

Conditions Resuits

TWA 105000  driftAngle -0.972 deg
WS 22500  rudderAngle 0.921 deg
shipSpeed  13.000 netSailThrust 285.252 kN
aws 23.096 powerSaving_high  23.552 %
awa 70.931 powerSaving low  20.187 %

Rotor rpm

74% 74% 74%

Rotor 2

EXPLOITATION OF RENEWABLE ENERGIES

Rotor 1

RETROFITS5

Headin oG
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FIT-HORIZONS — Many combinations to improve ships in service

Propeller replacement

Bulb modification Input: Output: WASP installation
Hull shape New propeller
Operational profile (e.g., tip rake)
Input: Output: Input: Output:
Hull shape New bulb Hull and deck One or several

Operational profile Operational profile WASP systems

Energy saving device mCAESES Power take-off
Output:

Input: Output: Emission reductions Input: Output:
Hull shape Duct or fins CAPEX, OPEX and.LCA Propulsion Generator
Propulsion system (e.g., pre-swirl) Safety and compliance Engine Battery system

Operational profile characteristics

Ship lengthening Air lubrication
Exhaust gas treatment
Input: Output: Input: Output:
Hull shape Elongated hull Hull shape Dimensions and
Operational profile Weights Inpl:|t: Output: Operational profile positions of ALS
Stability Engine Scrubber

Operational profile
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CAESES Insight (current developments)

Insight CAESES SNAP - snapshot - conventionalPropeller_RCTestflight_baseline*

+ {8 PCA workflow Eg'ﬁ [E) CAESES | 2z Normalize () Split
— {{J NN Surrogate Auto Arrange - File &3 PCA {8} Outlier Detection
New
|22 Optimization Example &% Join 8% Expression Calculator
Workflows Layout Data Source Processing
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CAESES Insight (current developments)
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CAESES Insight (current developments)
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CAESES Insight (current developments)
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Improve your products and transform
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powered surrogate modeling.
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Looking back and looking forward
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FRIENDSHIP SYSTEMS

= Head office located in Potsdam, Germany
= Subsidiary in NYC, NY / Cambridge, MA

= Partner for simulation-driven design with
25 years of experience in parametric modeling,
optimization and machine learning

= Agile team of 25+ people (primarily engineers,
computer scientists and software developers)

Climate Neutral
b Company

2021 with First Climate

Clear focus and dedication

Simulation-Driven Design (SDD) and
Data-Driven Engineering (DDE)
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Customers (selection)
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Thank you very much for celebrating 25 years with us
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The years go by — but it is very worthwhile and still a lot of fun

Claus and Stefan in 2007 50 FRIENDSHIP SYSTEMS © 2026 =




www.friendship-systems.com

Dr. Stefan Harries MSE

harries@friendship-systems.com
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