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Practical Application of Neural Networks for
Prediction of Ship’s Performance Factors
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ABSTRACT: In the initial ship design stage, performance predictions are generally carried out before and after the hull form design. The former
is based on the main dimensions and power information, and the latter is based on the geometry of the hull form and propeller. This paper deals
with the practical application of neural networks for the prediction of a ship’s performance factors before and after the hull form design. For this,
the hull form parameters that affect the performance are studied, and an optimal neural network structure based on the SSMB database is
constructed. By comparing the results predicted by neural networks and the model test results, we confirmed that neural networks can be applied

to practically evaluate the performance in the initial ship design stage.
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Table 1 Input-output design variables for the modeling of neural networks before the hull form design

Item Parameter Description Remarks
1 Type of Ship 0: Tanker 1: Container ship 2: LNGC
) LBP Length between perpendiculars [m]
3 B Breadth [m]
Hull factors
4 T Design draft [m]
5 Block coefficient
Input design 6 LCB Longitudinal center of buoyancy [m]
variable 7 NCR Normal continuous rating [kW]
8 RPM Revolutions per minute [rpm] Power related factors
9 Fn Froude number
10 No. of Prop. Number of propeller
11 No. of Blade Number of propeller blade Propeller factors
12 Dia. of Prop. Diameter of Propeller [m]
1 T. Proj. A Transverse projection area [mz]
5 Hull factors
2 WSA Wetted surface area [m’]
3 Cr Residuary resistance coefficient Resistance factors
Output design 4 Wim Wake fraction coefficient in the model scale
variable 5 Wits Wake fraction coefficient in the full scale
6 t Thrust deduction coefficient Self-propulsion
factors
7 EtaR Relative rotative efficiency
8 EtaO Propeller efficiency in open water
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HZ(Transverse projection area), < EHZ(Wetted surface

Table 2 Ship types and ranges used for the modeling of neural

networks
Range of particulars
Ship type
Length [m] Cb
Tanker 210 ~ 330 0.70 ~ 0.82
Container 160 ~ 330 054 ~ 0.67
LNGC 266 ~ 274 0.74 ~ 0.76
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Table 3 Neural networks” modeling results before the hull form design

hidglo. of No.'of first optimal No. qf second optimal No. 'of third optimal Average error
en layer hidden neuron hidden neuron hidden neuron

1 6 - - 0.111

2 6 3 - 0.068

3 6 3 3 0.093
area)S X3 6710 A A AFEE FAEHAT A

o)
=

2]

N
o=

gl S8l 973 ] A - 413 2] B T (Tanker), 394
o] o] (Container ship), 1722} 7}22RFX(LNGC) - 3
ey 235 B3l 232719] HlolE7}F ARREHN O, S5
3 35E 1,000 V|Fe R, HF 4 LHEH9E
Z gl zlo))o] WME-&o] 0.01%°157F 2 wj7hA] HHEF
o7 S35t Table 2= 3hgoll AHEH tlolE9] FF
FoA5e] HeE Yehith

4714 StsE, =HE,
Fe= %

4 a7t
error) &

3
cEL

>~

T

X
=

Eia
=

o

A==
T

TelAME o
& 2835tk 11 A3 Table 31|14
A7t 270, R WA} T WA &Y

o
6, 3L W B3t FY LAk Aagkg

f

[}

YERH AT
3.2 M3 A7 olx CHAoMe] AlET A& 2

Ay A o|F DAlE AP FR7 et HRE X
et Muke] Jes FHINE AeolH, Ay FHeAE B
glste] s AW BdY F2E HES9h I olhe
Table 4914 Hi= ve} Zo] Ay AA o) DdARY B2 =
B A W4 - 23709 A¥ ARE, 10719 F317] AR -7}
AHEE7] W Ee) B2 Q3 BRI} I AAW mdHo) ALe
= 5 Q7] wEelth & B9, A% 84 FAHA 2E AlY
oA e} o] X7 ARE AR gomg MY MA He
SR A4 mdd AREEAT T8y R 84 FACAE
Ay} Fx217] A dgEo] A AEETh Fig 2+ A% 2
FR717] A o]F A AEE o] &3 A 84 FH ZEEE

Uehdth o7]A 3o
AAH oz Adst HF sepv|E|(Hull parameter) AlMF Z=
ZI3(Son and Kim, 2008)*% 0|83t AAksAITH
3143} FUsHA FLR Sk o= 232749 HlofElE A
g3ale] AAY 2Pd8S F5 ). Table 59 Table 62 7+
= MNollA Ht
ARE Yepiitk 22
A AL F2E 23719
270, A Ao F WA

4 detele JREL SSMBo) A

Hull form & propeller design

v

Calculation of hull form
parameters (Son and Kim, 2008)

23 input design valuables
including hull factors

10 input design valuables
including propeller factors

v

Neural
Networks

Neural
Networks

Resistance factor Self-propulsion factors

Fig. 2 Flowchart of the performance prediction by neural networks
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Table 4 Input-output design variables for the modeling of neural networks after the hull form design
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Item Parameter Description Remarks
Type of Ship 0: Tanker, 1: Container ship 2: LNGC
LBP Length between perpendiculars [m]
B Breadth [m]
T Design draft [m]
L/B Length between perpendiculars/breadth
B/T Breadth/design draft
LT Length between perpendiculars/breadth
Cb Block coefficient
LCB Longitudinal center of buoyancy [m]
Tau U or V shape Hull factors
Cw Waterline area coefficient
As am/ (1) B)/ V(B[ T)* (b)
Cpa Prismatic coefficient in the run part
Cof Prismatic coefficient in the entrance part
Ea (Z/B)*(1— Cpa)
Input design B (2/B)* (1~ Cbf)
variable RA Run angle[Deg.]
EA Entrance angle [Deg.]
SA_AP Screw aperture from AP [m]
NCR Normal continuous rating [kW]
RI;]SVI Revo}l)uet;);s fljesegu{;(itjts[]rpm] Power related factors
Fn Froude number
No. of Prop. Number of propeller
No. of Blade Number of propeller blade
Dia. of Prop. Diameter of propeller
Pitch Pitch at 0.7r/R [m]
Chord Chord length at 0.7r/R [m]
EAR Expencid area ratio Propeller factors
y/48 Camber/chord at 0.7r/R
¢/D Pitch/diameter at 0.7r/R
Rake 1 Forward rake [m]
Rake 2 Backward rake [m]
Cr Residuary resistance coefficient Resistance factors
Wim Wake fraction coefficient in the model scale
Output design Wits Wake fraction coefficient in the full scale .
variable t Thrust deduction coefficient Self—gcc;};):smn
EtaR Relative rotative efficiency
EtaO Propeller efficiency in open water
Table 5 Neural networks” modeling results for a resistance factor after the hull form design
. No. of first optimal =~ No. of second optimal =~ No. of third optimal .
No. of hidden layer hidden neu}l?on hidden neur(}))n hidden neulI‘)on Correlation
1 20 - - 0.030
2 20 14 - 0.028
3 20 14 14 0.034
Table 6 Neural networks” modeling results for self-propulsion factors after the hull form design
. No. of first optimal =~ No. of second optimal =~ No. of third optimal .
No. of hidden layer hidden neu}l?on hidden neur(}))n hidden neulI‘)on Correlation
1 24 - - 0.162
2 24 15 - 0.150
3 24 15 15 0.170
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