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Multi-purpose deck-carrier

Lenght over all 165 m
‘ ‘ ‘ Beam 26 m
— Draught 5,1m/6,1m
e ] — Depth 11.3 m
Lightship weight 8000 t
Design Speed 15 kn
I = = . 1
r_ . == — e
| |Blades | Nacelles |
[ : = = - 1l
Length 100 B 000000 [ - /
eng m m L\_\\\\\_j\\\ -//W_H_V_L_,/
Height 7.0m 12.5m
Width 45m 8.7m — :\:}\ . :E/ F\\
Weight 100 t 750 t —F —— - — \\ = G ik ‘ .;"/
Weight total 1800 t 9000 t — e - =5
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Optimisation Problem

= More stability for nacelles

— e /
e - :
= |ess stability for blades
| . = = T DR |
L : | . = =S e il
= Minimise resistance for both
I . = = : ]
S
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Hull Adjustments: Slanted Sides + ,,GZ boxes”
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Baseline Hull
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Optimisation

= QObijectives:

=  Minimise resistance

=  Optimise stability (minimise GM)
= Variables:

= Geometry parameters

= Ballast variables
= Constraints:

= |ntact stability criteria

= Minimum GM for damage stability
= Algorithm:
= NSGA-II
= Generations: 50
=  Population: 52
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Stability Features

 Intact stability critera according to IMO 2008 Code on Intact Stability

A
a0 ‘ % o7

L A(p) dy = 0.055 metre-radians \E\\\\

min(d0.p0y)
jﬁ; ! A(p) dy 2 0.09 metre-radians - \\ \\ \\ \\ \\ i\

i &

min(d0,.25) ‘ xx\.\\ i | L
.]:;u A(y) dg = 0.03 metre-radians \\E\ . v P 0.

GZ 2 0.2m for at least one = 30 -
G Zmar at © = 25 with possible exeptions

GM, > 0.15m B
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* COGTank o
Stability Features — Tank Feature .
60
. . X | |tank.getDisplacement(11, 0, 0 ? 7 Genera
InpUt' OUtpUt false) at2).castTOMOOODX O ullhalf |11_geometry|
Tank limits Weight e
- - 6.25
_ 1 _ Y | |tank.getDisplacement(11,0,0, | _ ? xmin 20 :
Dens Ity CoG false).at(2).castTo([0.0.0]:Y o . - :
- Fill percentage - FSM -
) 0 .
7  |tank.getDisplacement(11, 0, 0, 5 e
false)at(2).castTo([0.0,0Z+ 11 * @ ¥ max 20 -
100 £ 100
3 Z min 2.5 -
il |5tahi|it)‘|forFeature|tanks|tankick X
Z max 1 -

~ Value

symmetric? D
2018.75

mirrored? |:|

permeability | 0.95 -
fill percentage 100 -
density tank

content [kg/ | 1000 -
m~3]
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Stability Features — Trim Adjustment Feature

= Calculates necessary position of cargo or ballast to reduce trim

adjustTrim
= trimtestBladest
¢» LCGhballast
- trimtestMNacellest
> disAccNac
{» LCGcargo
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Stability Features — Intact Stability Criteria Feature

1 Righti | culat - [ criteria - [ initialStability
. Righting lever curve calculation o 20081542212 req & Beam
. - . <» 20081542312 <> BM
2. Initial stability (Trim, draught, GM etc.) o VAREAZO.rec o o
. . <» VAREA3D <& CoB
3. Weather criterion o VAREAZO.req o di
4. Stability criteria evaluation o ¢ draft
<» VAREA3040_req o GM
<» VAREA3040 o IX
<» VGMO15_req KB
£ VGMO15 ©
Iﬂput: < VGZ0Z2_req AL
<> KM
_ < VGEZI02
Hull Brep ¢ VIMOWEATHER req Bk
- CoG ¢ VIMOWEATHER < trim
- Weight ¢ VMAXGZ25_req < vol
W. d P fl <> VMAXGZ25 & WLA
- N rotie
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Resistance Evaluation

resBla Thla reshac Thac

des0142

des0098 364.85

des0191

des0123 371.217 4.5 422.189 6.33
des0038 366.451 4.5 422 .862 6.36
des0042 401.239 4.5 441.374 0.41
des0059 371.168 4.5 448 566 6.28
des0099 . 454 395

des0020

des0021

input layer hidden layer 1 hidden layer 2 output layer
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Optimisation Results
" Nacelles GM "

L = L
— ™~ ™~ o m =+ =+ T3]
| | | |

»

d

1]
|

1

BladesGM  —L

Blades GM  —L

Blades GM
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Optimisation Results
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Optimisation Results .

Design Upper Slant Lower Slant BW B Improve-
Angle [°] Angle [°] [t] ment [%]
.0 470 1.37 1.81 ---

Baseline 30.0 0 6000

Overall best 28.3 0.1 538 5149 1.34 1.36 6.5

Design: overall_best
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Optimisation Results

800
700
600
overall best N
=
= 500 - — -overall best B
S
c
S .
é 400 baseline N
o
- = =baseline B
300
200
100
11.5 12.5 13.5 14.5 15.5 16.5

Speed [kn]
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Optimisation Results

Improve-

Design Upper Slant Lower Slant BW B
Angle [°] Angle [°]

Baseline 30.0 6000

Overall best 28.3 0.1 538 5149 1.34 1.36
Resistance

50% 24.5 3.1 443 5591 1.56 1.71
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6.5

0.9

Design: res_50




Optimisation Results

800
700
600 res 50% N
- = -res50% B
=
~ 500 overall best N
S
c
g - = =overall best B
3 400
o baseline N
- - ine B
300 baseline
200
100
11.5 12.5 13.5 14.5 15.5 16.5

Speed [kn]
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Optimisation Results

Design Upper Slant Lower Slant BW B Improve-
Angle [°] Angle [°] ment [%]

1 []

Baseline 30.0 6000
Overall best 28.3 0.1 538 5149 1.34 1.36 6.5
Resistance
50% 24.5 3.1 443 5591 1.56 1.71 0.9
Min

) 26.8 1.9 424 5589 1.78 1.94 -5.2
resistance

Design: min_res
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Optimisation Results

800
700
res 50% N
600 - ==res50% B
min nacelles res N
z .
=, 500 = = =min nacelles res B
S
I overall best N
(%]
3 400
o - = =overall best B
baseline N
300
- = =baseline B
200
100
11.5 12.5 13.5 14.5 15.5 16.5

Speed [kn]
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1 []

Optimisation Results

Design Upper Slant Lower Slant BW B Improve-
Angle [°] Angle [°] ment [%]

Baseline 30.0 6000
Overall best 28.3 0.1 538 5149 1.34 1.36 6.5
Resistance
50% 24.5 3.1 443 5591 1.56 1.71 0.9
Min

) 26.8 1.9 424 5589 1.78 1.94 -5.2
resistance
No slant 10.0 1.4 427 6542 1.65 1.91 -6.5

Design: no_slant
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Optimisation Results

800 res 50% N
- - - (o)
200 res 50% B
no slant N
600
- ==noslantB
=
= 500 min nacelles res N
S
S .
é 400 = = =min nacelles res B
o
overall best N
300
- = =overall best B
200 baseline N
100 - = =baseline B
11.5 12.5 13.5 14.5 15.5 16.5

Speed [kn]
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Optimisation Results

800
700
600
= r % N
é <00 es 50%
S
I - = -res 50% B
K%
ﬁ 400
no slant N
300
- ==noslantB
200
100
11.5 12.5 13.5 14.5 15.5 16.5

Speed [kn]
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Optimisation Results

Design Upper Slant | Lower Slant BW B Improve-
Angle [°] Angle [°] ment [%]

Baseline 0.0 0.0 6000 1.3 1.8 ---
Overall
28.3 0.1 538 5149 1.34 1.36 6.5

best
Resistance
50% 24.5 3.1 443 5591 1.56 1.71 0.9
Min

: 26.8 1.9 424 5589 1.78 1.94 -5.2
resistance
No slant 10.0 1.4 427 6542 1.65 1.91 -6.5
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W

Optimisation Results

Design Upper Slant | Lower Slant BW B Improve-
Angle [°] Angle [°] ment [%]

Baseline 0.0 0.0 6000 1.3 1.8 ---
Resistance
50% 24.5 3.1 443 5591 1.56 1.71 0.9
Resistance
50% 30.0 0.0 437 5000 1.34 1.49 10.8
Min

. 26.8 1.9 424 5589 1.78 1.94 -5.2
resistance
Min

. 30.0 0.0 395 4750 1.36 1.75 10.1
resistance
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Optimisation Results

800
res 50% N
700
- = =res50% B
600
min nacelles res N
< 500
w = = =min nacelles res B
<
©
ko
g 400 new min nacelles res N
o
300 = = =new min nacelles res B
new res 50% N
200
- = =new res 50% B
100
11.5 12.5 13.5 14.5 15.5 16.5

Speed [kn]
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Optimisation Results

800
no slant N
700
- = =noslantB
600 overall best N
. — = =overall best B
< 500
9 baseline N
C
©
-t;; .
'a 400 - = =baseline B
o
new min nacelles res N
300
= = =new min nacelles res B
200 new res 50% N
- = =new res 50% B
100
11.5 12.5 13.5 14.5 15.5 16.5

Speed [kn]

Seite 27 Anna-Sophia Buscher | Thesis Presentation | CAESES User Conference | 11. September 2024




Conclusion and Outlook

= Stability feature is a good method for (preliminary) stability evaluation
» Slanted sides improve not only stability, but also resistance
= Regarding slant, the baseline was already a good solution

= Further exploration of the limits of the slant
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Resistance Surrogate

25
20 n
S
s
° 15
2
ke
Q
o
§ 10
5
0
0 10 20 30 40 50 60 70 80 90 100

Number of Designs

Linear Regression Ordinary Kriging ~ =——ANN
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Optimisation Algorithms

fiziweightBallastBlades

fisiwweightBallastBlades

1 5 - 87
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7 ] 6
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= i = ]
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3 2]
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Heel Angle [°]

10

Validation

2008ISA2132

Area30

Area40 Area3040 GM0.15/1.3
0.200
0.5
0.175
b - 0.4 M 0.150
= = =
© © o
?E g 03 E 0.125
g g g
ﬁ E ﬁ 0.100
£ E £
- = 0.2 = 0.075
g £ <
0.050
0.1 L
0.025
0.0 0.000
des1064 des1431 desl1485 des1590 des1820 des2229 des1064 des1431 des1485 des1590 des1820 des2229 des1064 des1431 des1485 des1590 des1820 des2229 des1064 desl431 des1485 des1590 desl820 des2229 des1064 desl431 des1485 des1590 des1820 des2229
GZ0.2 IMOWeather MaxGZ25 draught resistance
700
30 7
3.0
6 600
25
—25 s _ 500
< = £
8.0 = E g
@ N =4 g 400
w 6] = c
] = 15 g 3
el
£1s = T3 & 300
=1 = = @
o [s] & BN Feature LCBla
= 1.0 10 N NAPA LCBla
: 2 200 S Feature LCNac
5 N NAPA LCNac
0.5 1 100 = surrogate
. CFD

des1064 des1431 des1485 des1590 des1820 des2229
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des1064 des1431 des1485 des1590 des1820 des2229

des1064 des1431 des1485 des1590 des1820 des2229

des1064 desl431 des1485 des1590 desl820 des2229
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Optimisation Results

--m des1820 | des1485 | des1590 | des1064 | des1431l

min BGM  min NGM  min res min res 50%
BT/BW

upper slant [°] 30 28 23 27 29 25 10
angle

z Tanktop [m] 1.20 1.78 1.79 2.20 2.33 1.50 1.78
rel Height [-] 0.90 0.86 0.91 0.83 0.87 0.97 0.99
Ballast

w Ballast [t] 6000 5149 5501 5589 4622 5591 6542
B GM [m] 1.80 1.36 1.43 1.94 1.56 1.71 1.91
B draught [m] 5.09 4.89 5.00 5.28 4.71 5.08 5.20
N GM [m] 1.37 1.34 1.32 1.78 1.83 1.56 1.65
Resistance [kN] 470 538 526 424 578 443 427
Impr. ballast [%] 0 6.45 5.15 -5.20 -5.15 0.94 -6.51
Impr. draught [%] 0 3.90 3.54 -7.84 -9.05 -0.73 -4.83
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