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State-of-the-art: thyssenkrupp Marine Systems

= Virtual prototyping of fully-appended vessels

— Several parametric models for fore- and
aftbody

— Parametric models for appendages

— Coupling of CAESES with potential flow
code and ANSYS CFX

" Process chain for fast and reliable studies
— What-ifs
— Quick checks (e.g. increased displacement)
— Trade-offs

— Formal optimization (e.g. interceptor)

Source: Tanja Richardt, thyssenkrupp Marine Systems, CAESES Users” Meeting 2017
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State-of-the-art: Standard models for combination

@

thyssenkrupp

Source: Tanja Richardt, thyssenkrupp Marine Systems, CAESES Users’ Meeting 2017 5 FRIENDSHIP SYSTEMS © 2017 =



State-of-the-art: thyssenkrupp Marine Systems

H a Optimization e o

RANSE simulations Optimization

Parametric modeling (potential flow)
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State-of-the-art: University of Strathclyde

= Concept studies

Universityol

" Pre- and post-processing of CFD for extreme Strathclyde

Glasgow

conditions

A
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e
S ST ST ST ES SIS

Support grid generation

Auxiliary geometry for refinements and better quality

Source: Matthias Maasch, University of Strathclyde, CAESES Users’ Meeting 2017 7 FRIENDSHIP SYSTEMS © 2017




State-of-the-art: Streamlined process

Universityz)f

Strathclyde

Glasgow

HlAEEEE MAXSURF Stability B CAESES STAR-CCM+® B CAESES

. CFD pre- . ) CFD post-
CAD geometry mmmdp Hydrostatics ) ——— mmm) CFD simulation ) o
1 2 3 4 5

Source: Matthias Maasch, University of Strathclyde, CAESES Users’ Meeting 2017 8 FRIENDSHIP SYSTEMS © 2017 =



State-of-the-art: Study for extreme conditions

uStrathclyde

Glasgow

Extreme trim (-1.9°)
Between 24% and 28% resistance reduction,
depending on speed

Posrtfon[Z] (m) Position[Z] (m)

-0.020 -0.0060 0.036 0.050 -0.0060 0.0080 0.022

Source: Matthias Maasch, University of Strathclyde, CAESES Users’ Meeting 2017 FRIENDSHIP SYSTEMS © 2017




State-of-the-art: Voith

= Advanced parametric modeling of ship hulls vo I T H

and propulsion systems

= Auxiliary geometry to support grid generation

Source: David Bendl, Voith, CAESES Users” Meeting 2017 10 FRIENDSHIP SYSTEMS © 2017




State-of-the-art: Voith Linear Jet (VL))

Source: David Bendl, Voith, CAESES Users” Meeting 2017 11 FRIENDSHIP SYSTEMS © 2017 =
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Recent and current R&D
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Recent and current R&D (highlights)

= PerSee

— Hydrodynamic design of ships in sea-states Acknowledgement
= No-Welle and FormPro Parts of the work presented here were realized within

. o - projects funded by the Federal Ministry of Economics

— Parametric adjoint optimization and Technology (BMWi) on the orders of the German

a HYKOPS Bundestag and PtJ as the conducting agency.
o Parts of the work were funded by the European
— Appificiation Commission within the HORIZON 2020 Transport

Programme.

— Geometric modeling

HOLISHIP

Funded by the

European Union m S

— Holistic design and process integration

( p I atfo " ) @ Bundesministerium
— Wrapping of functionality (dominos) Pp":,',:“jlg: und Tochnologie
= GAMMA-1

— Parameter reduction
(Karhunen-Loéve expansion)

— Ease-of-use and GUI
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Parametric adjoint optimization: Design velocity

= Understand parametric models
" |nput to parametric adjoint optimization
— Slightly change one parameter at a time

— Compute normal displacement

—

15
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Parametric adjoint optimization

= Results from adjoint CFD computation specify £l pictures: Sensitivities
areas of the geometry that have the biggest Sensitivity Variation Delts
impact on the objective width_mid e 3.99853
path_midfactorZ 1388.89 0.0208452
= Connecting to information about parameter path_startTension  552.865 0.0419241
influence on shape leads to sensitivities for all height_startTension  3119.02 0.242158
desien parameters path_midfactory 233.01 0.0402543
gnp vidth_endTension 115.733 0.587/313

300
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-60
120
-180
240
-300

adjoint shape sensitivity product design velocity

16 FRIENDSHIP SYSTEMS © 2017




Parametric adjoint optimization
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Design ""
= Using the gradient information from the

adjoint CFD leads to a much faster optimized

convergence towards a local optimum
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Parametric adjoint optimization
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Karhunen-Loeve Expansion (KLE)

= Aims
— Check quality of a parametric model

— If needed and possible reduce number of
free variables (further)

= Principle components analysis

— A large number of statistical variable are
being replaced by an approximation with a
reduced number of linear combinations of
orthogonal basis functions

— Decorrelation of data (as far as possible)

19

' ' ' | "PCAdataadjust dat"
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Source: Lindsay I. Smith (2002) A Tutorial on Principal Components Analysis
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Karhunen-Loeve Expansion (KLE)

= Variability achieved
— 1. “super parameter”
— 1.+ 2. “super parameter”
— 1.+ 2. + 3. parameter
— 1.+ 2. + 3. + 4. parameter

—1.+2.+3.+4. +5.

Inlet geometry with 7 free variables

65,78%
92,59%
97,49%
98,98%
99,44%

20

a
Largest Eigenvalues:
14.3158 65.7825%
5.83471 92.5936%
1.0645 97.4851%
0.325199 98.9794~
0.10059 99.4417x
0.0470893 99.656~
0.020739?7 99.7533%
0.0151253 99.82287%
0.0108697 99.8728%
0.00723385 99.906%
0.00492025 99.9286%
0.00372673 99.9458~
0.00266285 99.958
0.00179638 99.96637%
0.00145443 99.9729%
0.0012705 99.9788%
0.000980112 99.9833%
0.000847926 99.98727

0.000609769 99.99%
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KLEanimations/inlet01.mp4

Parameter reduction

1
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Parameter reduction from 27 to 4

Already 4 modes are sufficient to retain more than

95% of the original variance

From 27 original parameter to 4 KLE variables
reduces the dimensionality by more than 85%

i,

Source: Riccardo Pellegrini, CNR-INSEAN, CAESES Users’ Meeting 2017 21 FRIENDSHIP SYSTEMS © 2017 =



Parameter reduction

P [Pa] -12000 -8000 -4000 O 4000 8000 12000 16000 20000 @ Marie Technology Research hsftute

OPTIMIZED (C) ORIGINAL

L x

OPTIMIZED (C)

I\\III\\Ill\\lll\\III\\Ill\\I\l\\llll\\lll\\lll\\ll OptimizationinKLEspace
25 20 -15 10 -5 0 5 10 15 20 25

Chosen design shows a reduction of total resistance
X [m] by about 25% while, at the same time, increasing
displacement by around 25%

ORIGINAL

Source: Riccardo Pellegrini, CNR-INSEAN, CAESES Users’ Meeting 2017 22 FRIENDSHIP SYSTEMS © 2017 =



HOLISHIP
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Available integrations

Upfront CAD

* Simulation-ready

* Highly automated

Variable Pre-
Geometry processing

Software
Connection

JFlow

Upfront CFD

* Robust auto meshing

* Batch processing
IconEFd Y

P@INTWDE

24

Mesh Flow
- . . =
| Generation I Solver I

Upfront Optimization

* Design explorations

* Formal optimization

Post- Optimization &
--
processing Assessment

Open\VFOAM
L

SHIPFLOWW

®

{\ AUTODESK

FLOW-3D

FRIENDSHIP SYSTEMS © 2017 =



HOLISHIP

= AAESES

Software
Connection

Variable Pre-
Geometry processing
v-Shallo

Post- Optimization &
processing Assessment

NEWDRIFT
VERES

NAPA
COSSMOS

25 FRIENDSHIP SYSTEMS © 2017 =



HOLISHIP
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HOLISHIP

Compute
Provide hull Generate resistance and Determine Estimate max.
surfaces for a watertight, flow field for wake from speed for
set of colored STL hull form and flow field given engine
parameters operating
conditions

27 FRIENDSHIP SYSTEMS © 2017 =



HOLISHIP

= Wrap functionality to make it more easily
accessible

= Provide wrapped tools that can be flexibly
combined within comprehensive projects

Compute
resistance and
flow field for
hull form and
operating
conditions
via a WebApp

28 FRIENDSHIP SYSTEMS © 2017 =



HOLISHIP — Application case Rolls-Royce OSV

Output:
Hull design
VcG, LcG
Displacement

CAESES feature

Steel w. / light weight

Input: Output:
Dimensions Steel weight
Coefficients Lightship weight

CAESES feature

ut: Output:
Power requirement Cost level
Thruster sizes

Steelweight

Crane cost

CAESES feature

Hull verification “

Output:
Go/No-go

Input:
Hull geometry

CoG NS
Draft \§@§§
Displacement A

Crane info
Lifting weight

Manoev. / Propulsion

Input: Output:
Thrust aft (ShipX) Power fore
Propulsion thrust Power aft
(Shipflow)
lm CAESES feature
29

¥ Motions

Rolls-Royce

Input: Output:
Crane motion limits Limiting Hs, Tp

oF B

Input: Output:
Thruster config. fixed Thrust for and aft
Thruster location
Windage area
Waterplane shape
Seastate

VERES

SHIPX

Resistance

Input:
Hull model
Speed

FRIENDSHIP SYSTEMS © 2017 =



HOLISHIP — Application case FINCANTIERI RoPax

5 Damage stability (g~ ﬁ.ﬁ:
P = =
repe— - Input: Output: «E % ‘\jja:_ T
Hull shape Attained index - _,_hID
—— = == Slgn Topology -:v{j i:‘:jfgjg—_‘g )
—f ... | Wave resistance
Input: Output: EE
Main dimensions Hull shape = Input: Output:
Hydrostatics Hull shape Wave resistance
Operational profile
~~
FRIENDSEIPJSYSTEMS CAESES model HSVA

Viscous flow m

Steel w. / light weight

Input: Output: Input: Output:

Hull shape Steel weight Hull shape Resistance and

Topology of sections Lightship weight Operational profile propulsion at full
] Assumptions about scale

propeller

HSIWA FreSco

“ﬁ. BV Mars / Steel

ost (CAPEX)

Added resistance

Input: Output: vee Input: Output:

Ship type Cost Hull shape Added resistance in
Hull shape Input: Output: Operational profile waves

Scantlings Sea states

Yard specific data

me.g. CAESES feature “ Newdrift
m Any external tool
FRIENDSHIP SYSTEMS © 2017 =
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Coupling of CAESES and NAPA

= Hull forms are created in CAESES and surfaces
are transferred to NAPA via an IGES file

= A detailed watertight subdivision is created

using a series of NAPA macros T
= The Attained subdivision index is calculated B = R Sl
according to SOLAS 2009 Reg.7 e } o e e T Y
= The above procedure is repeated for a large @' = = e el )

number of variants via a Sobol _D e U Ww
—AE— oo
—E— o v
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Running NAPA batch file

3

NAPA-CAESES batch file v1 - Copy - Notepad

File Edit Format View Help

i Copying INPUT files to the directory where NAPA reads them
copy "#CD#\Hull.iges™ "C:\napa\pr\HLROPAX_FC\Hull.iges"
copy "%CD#\variablesee@.txt" "C:\napa\pr\HLROPAX_FC\variablesee,txt"

setlocal

: Please enter your details here
set USER=ADMI
set PROJECT=C:\NAPA\pr\hlropax fc.db64
set MACRO=01_ EXECUTE

1 General setup
set INSTALLATION_ FOLDER=c:\napa\
set PATH=C:\Program Files\Hummingbird\Connectivity\14.0@\Exceed

11 NAPA specific configuration

set NAPADB=c:\napa\20172\database\napadb.db
set SYSDB=C:\NAPA\pr\sysdb.db

set NAPALIC=C:\NAPA\pr\napalic.txt

set NAPAIOF=C:\NAPA\pr\IOF_X64.dat

set NAPADIR=C:\NAPA\pr\

c:\napa\20172\bin64\NapaRunMacro.exe -u %ZUSER% - ZNAPADIR%
-1 %NAPALIC% -n %NAPADB%

-5 %SYSDBY -1 %NAPAIOFY
|-p %PROIECTY -m %MACRO%

1t Copying the OUTPUT files in the directory where CAESES saves them
icopy "C:\napa\pr\HLROPAX_FC\output.txt™ "%CD%\output.txt"
icopy "C:\napa\pr\HLROPAX_FC\damstabres.txt" "%CD%\damstabres.txt"

RUNNING NAPA*

*script can be found in NAPA manual

Batch file

Needs to be adjusted to working environment

COPYING OUTPUT FROM NAPA DIRECTORY TO CAESES DIRECTORY

32 FRIENDSHIP SYSTEMS © 2017




CAESES as a platform (and “operating system”)

a & & 2 &

User (internal) User (internal) User (external) Web user Web user

Source: iconfinder.com 33 FRIENDSHIP SYSTEMS © 2017 =
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CAESES 5.0




CAESES 5.0

= Parallelized

— CAESES 5.0 exploits all cores of multi-core
machines (while 4.x uses only one core)

— Speeds up project loading and model
update (depending on the project, up to a
linear scaling with regards to number of
cores)

= New rendering engine
— Handling of larger objects
— Better user experience
— Nicer pictures

= Base for appification

35
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Speed up in CAESES 5.0

= Parametric CAESES model of a container

vessel Up to 4 x faster

= Good scaling on multiple CPUs Using 6 cores instead of one

1 — 6,425 s

O

2 -

O 1 I 5,234 s

5

@)

« 2 [

5 2 | 3,109 s

(]

24 [ 1,821 s

3 -]

pd

6 _ 1,608 s

| [ [ [ [ 1
0 20 40 60 80 100

Opening Time in % of Maximum
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Speed up in CAESES 5.0

= Turbine example modeled in CAESES

= Scaling depends on hierarchical model Opening time reduced by more than 30 seconds

Using 6 cores instead of one

1 — 59,946 s

1 T 55,398 s
2 [ 37,163 s
4 [ 28,472

Number of CPU Cores

=

0 20 40 60 80 100
Opening Time in % of Maximum
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Speed up in CAESES 5.0

= Complex model of a catamaran

= Created in 4.2 runs flawless in CAESES 5.0 Better performance already in serial mode

Opening time reduced by 60%

1 — 47,773 s

1 [ 19,354 s
2 | 13,0195
4 | 9,615

6_9,1465
o 20 a0 e 80

0 40 60 80 100
L. Opening Time in % of Maximum

38 FRIENDSHIP SYSTEMS © 2017 =
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Rendering engine

PIARE R

K25 5 W

CAESES 4.2 CAESES 5.0

million average FPS

: : million tris
triangles (on a standard GeForce GTX 750 Ti)

0.8 15 124 11.7
2.9 90 15.6
6.2 49 13.0
11.1 32 14.4
17.8 24 8.9
35.6 0 12 n/a

FPS = frames per sec.
, 25 for movies)

FRIENDSHIP SYSTEMS © 2017




Rendering engine 4.x

40 FRIENDSHIP SYSTEMS © 2017 =



Rendering engine 5.0
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Rendering engine 5.0
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Rendering engine 4.x
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Rendering engine 5.0




Rendering engine 5.0




Rendering engine 4.x
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Rendering engine 5.0
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Appification and WebApps

l [ Mail eecoo = 11:52

& caeses.com
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Appification

~+ Web Apps > FRIENDSHIF X

&

(&) | @ Sicher | https://www.friendship-systems.com/products/web-apps/

YOUR APP

SHIP HULL

This is a ship hull model we have worked on within

ROPAX FERRY WITH CFD

@ parametric ship hull

h a CFD setup.

INTERESTED?

reate your custom app on the basis of

C that is absolutely Y to use and which

er. It can be

runs in a bro

yourself without the need of Internet access.

50

Website

https://www.friendship-systems.com/

products/web-apps
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Example WebApp

/= Showroom > CAESES X \E

&« (& 1 @ Sicher | https://www.caeses.com/products/caeses/showroom/ & & ¢

\

| y download the final geometry. ' -

LIVE PREVIEW

SHIP HULL

This is a ship hull model we have worked on within
the R&D project HOLISHIP. Thanks also to our
partners from CETENA. Includes typical parameters
and a free geometry download at the end.

LIVE PREVIEW

51 FRIENDSHIP SYSTEMS © 2017




Example WebApp

/= Showroom » CAESES X y [ Preparing your app ship/ % \D

« ‘ @ Sicher | https://www.caeses.com/products/caeses/showroom/show/app/shiphull &
= CAESES

PREPARING YOUR APP ...

52 FRIENDSHIP SYSTEMS © 2017 =



Example WebApp

B-c
/= Showroom > CAESES x >/ D https://www.caeses.com, X \\ ‘\J

< C ‘ @ Sicher | https://www.caeses.com/products/caeses/showroom/show/app/shiphull/aef8debabf3861662432cd7f53c954364e2e3e97ffdccad0c26ba... Y| §
= CAESES

Lp @ [ ] 170

DRAFT @ [ ] 1

wioTH @ [ ] 1

HEIGHT @ [ ] 1.1

LENGTH AFT BODY © [ ] 0.45

LENGTH MID @ [ ] 0.08

BERD ©)
53 FRIENDSHIP SYSTEMS © 2017 =




Example WebApp

B-c
/= Showroom > CAESES x >/ D https://www.caeses.com, X \\ ‘\J

< C ‘ @ Sicher | https://www.caeses.com/products/caeses/showroom/show/app/shiphull/aef8debabf3861662432cd7f53c¢954364e2e3e97ffdccad0c26ba... Y&
= CAESES
Lp @ [ ] 178.2
DRAFT @ [ ] 1
wiDTH © ] 1.05
HEIGHT @ [ ] 1.1
LENGTH AFT BODY © [ ] 0.45
LENGTH MID @ [ ] 0.08

BERD ©)
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Example WebApp

B-c
/= Showroom > CAESES x >/ D https://www.caeses.com, X \\ ‘\J

< C ‘ @ Sicher | https://www.caeses.com/products/caeses/showroom/show/app/shiphull/aef8debabf3861662432cd7f53c¢954364e2e3e97ffdccad0c26ba... Y&
= CAESES

COG SHIFT @ ] 0

BOTTOM ANGLE @ (] 0

HEIGHT © -

. 0.22 WAVAYE

LENGTH @ [ ] 1.02 ' 7,
THICKNESS © o 0

TOP INCLINATION [ 0

Bl BDD ©)
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Example WebApp

B -o

/= Showroom » CAESES x >/ [ httpsi//www.caeses.com X \D

< C ‘ @ Sicher | https://www.caeses.com/products/caeses/showroom/show/app/shiphull/aef8debabf3861662432cd7f53c954364e2e3e97ffdccad0c26ba... Y| §

= CAESES

SAVE PANEL MESH

e ] ©)
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Example WebApp

96 %
¢

eee00 Telekom.de &  14:21

a friendship-systems.com
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Sneak preview: Interactive shape variation
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Sneak preview: Interactive shape variation
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rbf_morphing_shape_deformation.mp4

Thank you very much

e T oMM A [Rendertngine] turbocharger* x
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° ) - -" D ?) Documentstion Browser X
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) + remove color ’
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www.CAESES.com
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Simulation-driven design with CAESES

Phases of product development

Ijlanning Concept Preliminary Detailed (}i/erilficahtionl e
markets & . . . igital & physica
requirements) design design design prototype)

Upfront CAE D
v Variable geometry d assessment
v Simulation

v Optimization

o —

Simulation-driven design approaches  Trend towards earlier employment of simulation and optimization

= CRAESES | e modeling and optimization
Topology optimization

= CRAESES Parametric-adjoint simulation | Adjoint simulation

Time
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Example webApp

[™ https://www.caeses.com, X "

ow/app/ropaxhydro/499ec643e5b50168ffde3363a261ac6cc2f211698517c639ae32d90d... & Y| @

FLOW SIMULATION

SPEED [kn]

LOA [m] 191.65
B [m] 27.66
T [m] 741
DISPLACEMENT [ m? ] 20591.93
s ® 0.59
xc8® [m 77.66
zcB 9 [m 3.11

KMO  [m] 15.13
.
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Example webApp

| Mail eecco = 11:53

& caeses.com
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Encapsulate functionality and make them accessible

THIS IS HOW IT WORKS

+ Enter your information about the ship vessel and the propulsion

system

## We do the calculation for you to find the right dimensions and

propeller shape Y
£ -

v Check the visualization of the propeller

+ Download a demo STL of the propeller for a check on your

compute

& Download the final STEP/STL file of the propeller

Copyright © 2017 FRIENDSHIP SYSTEMS AG | Imprint
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Documentation and support

= YouTub CAESES e o 1
ouTube ®|0
= B I Og Tickets / Ticket #2762
Q j} 4 Reply  &JAdd note Close Merge Scenarios more ~ Activities »
m F m N -
oru 0 The connection with AVL Fire ‘Q’Vf"t':‘_@lﬁ“ Customer
Since 12 days ago
- e W reported 13 days ago (Wed, 13 Sep at 8 M) via Portal wes from Thu, 14 Sep at 8:48 AM
.
* Documentation b
OoCu entation rowser R ~ Regquester Info ¢ @
=
Some days age, | asked you could CAESES connect with AVL Fire.
And now the customer want to know how to do this. License Info
- H | d k So could you just give me a simple introduction of the progress 7
e p es Thank you very much!
Best Regards!
Recenttickets - Edit
2 Mr. Carsten Fuetterer added a public note 13 days ago (Wed, 13 Sep at 10:32 AM) .
@ ~ Ticket Properties
Priority * Status *
I think you need something like three template files (eg .ese, fpr, .py) and a batch scriptto run it. The export would be the piston o Low ” || Waiting on Cust. N

bowl spline. See therefor the attached example, which notincludes the avl files Source

Portal -

Group

Agent *
Mr. Carsten Fuetterer N
Type

Question -

My CAESES Version
421 -

Category %

Software Connection -
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