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Elomatic

Intelligent engineering
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CAESES - CADMATIC

Battery-driven DE Ferry

Concept Design Optimization

Holiship WP17 Application case Double Ended Ferry
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CAESES - CADMATIC

Agenda

1. Objective of Holiship

2. Design process in Caeses —
Cadmatic

3. Parameters in Cadmatic

4. Starting point for optimization

5. Caeses model and
optimization
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CAESES - CADMATIC &

Objective of Holiship
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CAESES - CADMATIC

Intelligent GA
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CAESES - CADMATIC

Optimization link between

Caeses and Cadmatic
e Caeses modifies:

« Hull shape and
« Parameters in batch mode

> Parametric views and plates  Hull Shape & % Reference
. . . . parameters in xml surfaces
will update in certain time

inte rvaIS Steel Weight Cad matiC
Caeses —
« Hull shape and parameters Hull
optimized based on: Weight in xml H

. Stability,

« Resistance (OPEX '
| ( ) % Cadmatic
« Required areas and volumes LIl Outfitting

(optional, in future)

(car lanes, tanks, etc.)
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CAESES - CADMATIC

Design Process Overview

Create

project

Design Loop

CAESES

CAESES Cadmatic

Create Recalculate
construction and update Hull
plates

Add/modify

Future construction
Development plates &
NERES

Cadmatic

Weight Nne
o Outfitting

estimation tool
Add Extract steel

stiffeners weight

Components
Extract steel from
weight Cadmatic
Outfitting

Components from
Cadmatic Ouftfitting
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CAESES - CADMATIC &

 |dea of Parameters table:

« Define bulkhead and deck
positions and angles

« Use formulas to define
positions and angles

« Quickly change geometry by
changing parameters
 Formulas can define bulkhead
and deck positions (Value):
« in respect of other bulkheads

« using required area or volume
as a precondition

e @ &y G

Copy  Move

Remove

Parameters

Import  Manager
General

&

Hull viewer  Shape Grid Parameters  Recalculate

|0 |0 |0
Parameters EE
Filter Index Type |Name |Expression \Value |c -
1 length frame 700 700
| 2 kngth  MFBL _48¥frame 33600 L
Renatt | 3 kngth  MFB2 MFB1+16%frame 22400 L™
Breadth | |a kngth  MFB3 MFB2+16%frame 11200 [
| |s kngth  MFB4 MFB3+8*frame 5600 [ |
= |6 ength  MFBS L*MFB4 5600 ]
Distance 7 length MFB6 -1*MFB3 11200
| |8 kngth  MFB7 4*MFB2 22400 [
Angle | o Eength  MFB8 A*MFBL 33600 ]
| 10 length TBH040101  MFB4-4*frame -8400 Sewage tank TBH on deck 01, MVZ4 | |
: 11 length TBH050101  MFB4+2*frame -4200 MDO tanks on deck 01, MVZ5 :
12 length TBH050102  TBHO50101 -4200 Waste oil tank on deck 01, MVZ5
|| 13 length TBH050103  MFB4+2*frame -4200 Sea chest on deck 01, MVZ5 [
|| 14 length TBH050104  TBHO50101+6*frame 0 TBH between MDO, bige & lubrication tanks on de[_
| |15 length TBH050105  TBH050104+4*frame 2800 Bilge & lubrication tank TBH on deck 01, MVZ5 L
| 16 length TBH060101_P MFB6-4*frame 8400 Fresh water tank on deck 01, MVZ6
:17 length TBHO10201  MFB1-4*frame -36400 Fire station on deck 02, MVZ1 :
18 length TBH020201  MFBi+1*frame -32900 TBH between fire station & Escape room on deck 0
| | 19 length TBH020202  TBH020201+3*frame -30800 Store TBH on deck 02, MVZ2 []
_20 length TBH030201 MFB3 -11200 TBH between Embarkation area & Pax inva area nr_
Index Type |Name |Expression |value |c -
4 [ »
Recalculate All Add Remove 0K Cancel

Parameters stored as xml format ->
can be changed by Caeses

ZELOMATIC
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« After going through first design
spiral, we have:

* Next hull shape and geometry

CAESES - CADMATIC

Starting point for
optimization

Initial GA (Cadmatic)
Room types and weights

Initial steel structure + weight
(Cadmatic Hull)

Main component weights
(optional, Cadmatic Outfitting)

Initial cost (Caeses)
Power — Res. (Caeses + CFD)

Link between Cadmatic Hilltop &

are modified via Caeses Caeses is established via xml files

ZELOMATIC
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CAESES - CADMATIC &

Case Study

Table 3. Initial sizing of the ferry

Features:
« Operates in archipelago AL RANCGE
P pelag CARS 150 150+
PAX 400 400
* |ce strenghtened vessel ANES . 6.8
_ L [M] 121 Max. 129.9
« Battery-driven ferry B [M] 19.2 16.7-22
T [M] 2,5 No limit
D [M] 4.5 Freeboard
DWT [TONS] 400 400+
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CAESES - CADMATIC &

Route

Leonsaari = m _
i gt 3 Murmansk
Vuosnainen Parattula Lieto F Mypmanck
Raisio m .
Velkua Naantali
Otava Turku [E18]
[E18] Piikkio
Kaarina
Inio Haarla
Rymattyla
Pakinainen RG614
Applo Parainen
Alénsaari
Karuna
Ruotsi
Houtskari S Suomi
Q
(E18 | Prostvik
Iso-Nauvo Nauvo
Galtby . .
/ Pietari
Avensor I I Helginki / Canxr-TleTept
Tukholma Tallinna
o -
Korpostrom Kemions
Bjorkboda
Gullkrona '
Dragsfjard
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MANEUVRING

CAESES - CADMATIC

RUISING SPEED
Power requirement

/4

ferry, half trip

Electric balance

DECELERATION

Land based net

Output 4352 kw
Recharge 600 |kWh
Recharge per night | 29,8 MWh

3000 /
2 000 \ l // Required min. capacity of batteries
/ / Consumption | 629 _kwh before recharge
1000 Consumption | 29 |kwh after recharge
\\ Consumption ("debt") . 608 | kWh during the day
— 0 S0C (50 %) 1215|kWh
2 0 \\oo 1000 1500 \90\ 2500
g -1 000 \ >
S /7~ MANEUVRING Battery sizing |
-2 000 AN \ \ Req. Battery capacity 1519 |kWh
/‘ \ ~——— Battery unit cap. 125 kWh
-3 000 ACCELERATION Number of batteries | 13|
\ / Battery capacity . 1625 kWh
-4 000 — ® Py Battery u-nil weight | 1550 kg
\ Total weight 20|t
-5 000 N Battery Height 2.2lm
Time [s] v eie | “—
Battery Width . 0.87|m
Battery Depth | 0.71|m
HARBOURING Battery Area [ 8/m2
(CHARGING) ,
C-Rate | 6C|
Peak power . 10 MW
Continuos power | 5 MW
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CAESES - CADMATIC

Caeses model
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CAESES - CADMATIC

Functions In Caeses

File CAD Connections Optimization Visualization Features View Help h @ | » $
@Q Connections | [ Optimization @ # = 4 ) |01 _parameters|ii4 () x
| — | - A
Type Mame Quick Find (Ctrl+F) -
4 [ baseline . F | mPV_calc s [/
FScope B 00_setu %
’ C) 00_setup General »
FScope 4 () 01_parameters N
FScope 4 (@ derived 10.63653732
FScope b calm_water_Surface_area
g O N - - 01_parameters
FScope b [ CAPEX Capex [M€] | darived| CAPEX .
FScope - [ Car_number CAPEXtotal
FScope b [ draft
FScope B EquipmentMumber
’ . qHIp 0.715999
FScope i [ freeboard
FScope b [ iceClass Opex [ year | |01_parameters
FScope 4 [ NetPresentValue [ME] derived| OPEX -
i opex_total_year
FFeature: :NPV + |F | NPV_calc
FParameter E| lifetime_in_years
FFParameter B NPV_ME Interest rate 6 - .
FParameter [x] nPv_optimal [%]
4
FScope ) OFEX -
FScope i (@) Electricity_cost Time in —
FScope [ Engine_power years lifetime_in_years -
FParameter E| crew_cost_day
FParameter Q Fuel_cost_per_day Percentage
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CAESES - CADMATIC &

+ Input Geometry Input Files Q +

hull_base.igs cadmatic_c...s_conn.bat

Q CadmaticRunner
+ 5 Result Files Result Values +

Toba Wohchn Z3FOD

totahwsight bt
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CAESES - CADMATIC

Optimization

« Optimization run in batch mode

 Ways:
« Either directly changing
Cadmatic model or

« By previously created
surrogate model (responce
surface method RSM)
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[ | DakotanPV

General

CAESES - CADMATIC

Optimization

Global Optimization
S0
n Size | 10
o~ |im Q > i&= DakotaNPV_10_results T3 DakotaNPV_19 results X |3 DakotaNPV_20_res
w [ oo mEEs=0 HEEEEN =8 & 0w
Lm:"l;":p _ 253 [ [x]LOA E]Bmax [ NPV_ME [L|NPV_optimal  [y] total_weight
ign Pre, rocessing el
1z + 0 © | B DakotaNPV_10_des0054[]  110.27424 [ | 20506744 [ | 14957031 || 044700172 [] 1638.346
Run Pre/Postprocessing -
— Z | [ DakotaNPV_10_des0053[| 110.44127 [ | 2072187 [ | 13047635 [  0.58740331 [] 1639.5761
e (1 | & DakotaNPV_10_des00Sz[| 113.13783 [ | 20.780254 [ | o.51320738 || 37067604 [ |  1646.1217
Design Variable Lower Value Upper Active
e P e a ) DakotaNPV_10_des0051[| 113.22317 [ | 20.778268 [ | 0.50440200 |  3.0200807 [ |  1646.2419
e [3 DakotaNPV_10_des00SC||  106.01167 [ | 22.213858 [ | o.65682249 || 23170405 [] 1639.650
— - DakotaNPV_10_des004¢[|  106.01167 | | 22.304437 [ | o0.54563002 |  3.3588388 | | 1640.298
Evaluation Objective
e g © || DakotaNPV_10_des004€[]  106.01167 [ | 22.386837 [ | 0.44853338 |  4.9706188 || 1640.8725
ool o DakotaNPV_10_des0047[|  106.01167 [ | 224447 [ ]| 03857301 || 67206718 [ ] 1641.2723
3 CAPEXtotal -
n —— o : DakotaNPV_10_des004€[|  106.01167 | | 22.404620 [ | 0.32520045 | 94557878 || 1641.6154
5 total_weight (x]
¢ ToulResstance o (#, | B3 DakotaNPV_10_des004s[]  106.0423 [ | 21.926984 | | o0.9s408601 |  1.0307161 [] 1637.6574
7
DakotaNPV_10_des0044[|  106.0423 | | 21.085046 [ | 0.01615806 |  1.1914044 || 1638.0818
Constraints :r_"'{
Comstramt Consere ‘ DakotaNPV_10_des0042[|  106.42669 [ | 22.101672 [ | o.68522608 || 21207621 [] 1639.6683
1 CarsOver150 o (]
- =
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CAESES - CADMATIC &

To Future
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