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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 (BMW:i) on the orders of the German

Bundestag and PtJ as the conducting agency.

HYKOPS [03 SX 401 K]
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 =

— Holistic design and process integration
(platform)

Bundesministerium
fur Wirtschaft
und Technologie

L
— Wrapping of functionality (dominos) gﬁﬂ:ﬁ*ﬂ:ﬂiﬁﬂi
GAMMA-1 [03 ET 1469 D]

— Parameter reduction
(Karhunen-Loéve expansion)

— Ease-of-use and GUI
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Parametric adjoint optimization

= Results from adjoint CFD computation specify
areas of the geometry that have the biggest
impact on the objective

= Connecting to information about parameter
influence on shape leads to sensitivities for all

design parameters

8EEBsosBEEY

adjoint shape sensitivity product

6

7| pictures: Sensitivities
Sensitivity  Variation Delta

width_mid -41. 2465 3.99853
path_midfactorZ 1388.89 0.0208482
path_startTension 562.865 0.0419241
height_startTension 3119.02 0.242158
path_midfactory 233.01 0.0402543
width_endTension 115.733 0.587/313

design velocity
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Parametric adjoint optimization
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= Using the gradient information from the
adjoint CFD leads to a much faster
convergence towards a local optimum
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Parametric adjoint optimization
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Karhunen-Loeve Expansion (KLE)

= Aims
2 I T T I | I T T
— i i : "PCAdataadjust dat" +
Check quality of a parametric model (L 740682460] 71805559 X - |
. (-671855252/- 740682469)"x -~
— If needed and possible reduce number of 151 : .

free variables (further)
= Principle components analysis

— Alarge number of statistical variable are - i
being replaced by an approximation with a o
reduced number of linear combinations of
orthogonal basis functions

— Decorrelation of data (as far as possible)

2 1 ] I | I I 1

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Source: Lindsay I. Smith (2002) A Tutorial on Principal Components Analysis

Y
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Karhunen-Loeve Expansion (KLE)

Variability achieved
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5.83471 92.5936% Lengtead: [as ]
1.0645 97.4851x Modives: [os7s ]
0.325199 98.9794x ModCerod: [zo01 ]
0.10059 99.4417x TanguntEnd: s
0.0470893 99.656~ Tangenstat: [ ]

0.0207397 99.75337
0.0151253 99.82287
0.0108697 99.8728%
0.00723385 99.906%
0.00492025 99.9286%
0.00372673 99.9458~
0.00266285 99.9587

0.00179638 99.9663%
0.00145443 99.9729%
0.0012705 99.9788%

0.000980112 99.9833%
0.000847926 99.9872
0.000609769 99.99%
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KLEanimations/inlet01.mp4
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Available integrations

s AESES

Upfront CAD

* Simulation-ready

* Highly automated

Geometry processing Connection
STAR-CCM+
STAR-COM-- S e
Xf-/ow * Robust auto meshing

* Batch processing

" srcomEFd D

P@INTWDE

INUMECA

Upfront Optimization

* Design explorations

* Formal optimization

Post- Optimization &
--
processing Assessment

Open\VFOAM
I

SHIFPFLOWW

{\ AUTODESK.

Mesh Flow
R rowsp

12
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HOLISHIP

s AESES

Software
Connection

Variable Pre-
Geometry processing
v-Shallo

Post- Optimization &
processing Assessment

NEWDRIFT
VERES

NAPA
COSSMOS

13 CAESES EUROPEAN USERS’ MEETING 2017 | FRIENDSHIP SYSTEMS © 2017 =



HOLISHIP
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HOLISHIP

Provide hull
surfaces for a
set of
parameters

Generate
watertight,
colored STL

Compute
resistance and Determine Estimate max.
flow field for wake from speed for
hull form and flow field given engine

operating

conditions
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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
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HOLISHIP

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

Input:

Output:
Hull geometry Go/No-go
CoG

VAT
Draft \' N
Displacement TN

Crane info

Lifting weight

Hull verification “

Manoev. / Propulsion

(Shipflow)

Input: Output:
Thrust aft (ShipX) Power fore
Propulsion thrust Power aft

m CAESES feature
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¥ Motions

Rolls-Royce

Input: Output:
Crane motion limits Limiting Hs, Tp

VERES

or BHES

Input: Output:

Thruster config. fixed Thrust for and aft
Thruster location

Windage area

Waterplane shape

Seastate SH I PX
Resistance e Y D AN
T =
Input: - =
Hull model ] ] o
Speed (Re ATV | o

SHIPFLOW




CAESES as a platform (and “operating system”)

a & a8 2 2

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

19
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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

o 1 — 6,425 s

(O] _

S}

O 1 [ 5,234 s

2

(@]

« 2 [

S 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 [ 55,398 s
I 37,163 s
4 | 28,472 s

Number of CPU Cores
N

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
I 13,019
4 | 9,615

6_9,1465
o 20 a0 e 80

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

4.2

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.
(60 FPS for g 25 for movies)
-\'.. 33
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Rendering engine 4.x
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Rendering engine 5.0
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Rendering engine 5.0

26 CAESES EUROPEAN USERS’ MEETING 2017 | FRIENDSHIP SYSTEMS © 2017 =



Rendering engine 4.x
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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
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Rendering engine 5.0
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Appification

~~ Web Apps > FRIENDSHIF X

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

YOUR APP

SHIP HULL

This is a ship hull m

ROPAX FERRY WITH CFD

mple w

INTERESTED?

create your

33
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Example WebApp

/ & Showroom > CAESES X \E

<« & 1 @ Sicher | https://www.caeses.com/products/caeses/showroom/ & *x

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
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Example WebApp

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

C ‘ @ Sicher | https://www.caeses.com/products/caeses/showroom/show/app/shiphull & ¥

= CAESES

PREPARING YOUR APP ...
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Example WebApp

B--c
/= Showroom » CAESES X >/ [ httpsy/Awww.caeses.com X \\—"\3

< & ‘ @ Sicher | https://www.caeses.com/products/caeses/showroom/show/app/shiphull/aef8debabf3861662432cd7f53c954364e2e3e97ffdcca40c26ba... Yo | 3
= CRAESES

Lpp © [ ] 170

DRAFT @ [ 1

WIDTH © (] 1

HEIGHT © [ ] 1.1

LENGTH AFT BODY © [ ] 0.45

LENGTH MID © [ 0.08

BEERD ©)
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Example WebApp

B--c
/= Showroom » CAESES X >/ [ httpsy/Awww.caeses.com X \\—"\3

< C ‘ @ Sicher | https://www.caeses.com/products/caeses/showroom/show/app/shiphull/aef8debabf3861662432cd7f53c954364e2e3e97ffdccad0c26ba... Y&
= CRAESES
Lpp © [ ] 178.2
DRAFT @ [ 1
WIDTH @ [ 1.05
HEIGHT © [ ] 1.1
LENGTH AFT BODY © [ ] 0.45
LENGTH MID © [ 0.08

BEERD ©)
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Example WebApp

B--c
/= Showroom » CAESES X >/ [ httpsy/Awww.caeses.com X \\—"\3

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

COG SHIFT @ o 0

BOTTOM ANGLE @ [ ] 0

HEIGHT © 8 0.22

WAVAY
‘mrlf‘zf

A
LENGTH @ (] 1.02 Ay
THICKNESS © [ ] 0
TOP INCLINATION . 0

HEE BbB ©)
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Example WebApp

B --o

/= Showroom > CAESES X Y D https://www.caeses.com X \D

< & ‘ @ Sicher | https://www.caeses.com/products/caeses/showroom/show/app/shiphull/aef8debabf3861662432cd7f53c954364e2e3e97ffdcca40c26ba... Yo | 3

= CRAESES

SAVE PANEL MESH

HnaD 8
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Example WebApp

eee00 Telekom.de &  14:21
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Sneak preview: Interactive shape variation

X . o Py 2
SSEES
L
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rbf_morphing_shape_deformation.mp4

Documentation and support

= YouTub CAESES o o 9
ouTube ®|0
= B I Og Tickets / Ticket #2762
@ ¢ | 4Reply &lAddnote Close Merge Scenarios more + « Activities »
m F m R
oru ° The connection with AVL Fire ‘Q’Vf"t‘:‘gq‘)" Customer
Since 12 days age
- - W reported 13 days ago (Wed, 1 M)via Portal wes from Thu, 14 Sep at 8:48 AM
.
* Documentation b
OC u e n a I O n rowse r Dsame‘pdi“ ~ Regquester Info [ ]
-
Some days ago, | asked you could CAESES connect with AVL Fire.
And now the customer wantto know how to do this
- 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
' Mr. Carsten Fuetterer added a public note 13 days ago (Wed, 13 Sep at 10:32 AM) .
@ ~ Ticket Properties
Priority * Status *
8 Low = | Waiting on Cust.. -

| think you need something like three template files (eg .ese, .for, .py) and a batch scriptto run it. The export would be the piston
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 N
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www.CAESES.com
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