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A Study on the Preliminary Ship Design Method
using Deterministic Approach and Probabilistic Approach

Young-Soon Yang"*, Chang—Kue Park™ and Won—Son Ruy”

Naval Architecture & Ocean Engineering, Seoul National University”

Abstract

The paper describes the preliminary ship design method using deterministic approach and

probabilistic  approach.

In deterministic approach,

there are computational aspects to

applying not only the integration concurrently of principal dimension decisions and hull form

variations but also hydrostatic coefficients that applied to

optimization iterative process.

Therefore, this paper developed that actual design concept at the preliminary ship design
more than sequential design which separated in principal dimension decisions and hull form
variations. Furthermore, a probabilistic approach at the preliminary ship design is applied to
efficiently solve design information uncertainty that compared to deterministic approach.

xKeywords: Preliminary ship design(&®r ZJ1&2), Hull form variation(&8 & B8, Hydrostatic
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Fig. 1 Preliminary ship design process
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(a) Sequential Design  (b) Concurrent Design
Information Information
Fig. 2 Comparisons of preliminary ship
design information
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2. HREF JIYO0) 2AFt &2 =LA

2.1 X0l du xJ| A J|¥(Sequential
Preliminary Ship Design)
e X A AL FRIS BEHR Fg. 3

1st Estimation
LB, 8/T,
OWT/ @

l C, Calculation

<

L B. Gy Comoarisonl,_| MCA Estimation
Adjustment LWT LWT2 LWT Calculation

Owner's Basis ShiD  |wmmep]
Requirements Data

|Estimation

Resistance/Power

Estimation
M/E Setection
Propelier
Efticiency

Calculation
Cargo Sectional Area Cargo Hold Length
/Volsme Catcuplation Calculation

Fig. 3 Sequential preliminary ship design
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{Sequential Preliminary Ship Design

Optimization)
#X1Eel Hgh x| A 2ES 21”2 2100
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IS NEE JHOZ Fig. 4% 20! LIEHE =
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D
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Il (Integration  of  Interdisciplinary
Ship Design including Hull Form)
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Given : DWT, V, T, Cargo Capacity J

|7 Main Di Varlati
‘ L.B.D.Co

LWT Calculation

Resistance/Power Calculation

Stability Calculation

Method

Freeboard Calculation

R ] ) %__

1
(
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Cargo Capacity Calculation

Optimum ? NO

Di Decisi
Min. Building Cost
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Optimum ? Yes

l Exit ]

Fig. 4 Sequential preliminary ship design
optimization
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Integration of interdisciplinary ship
design including hull form :
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Technique)
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2.4 21" (Hull Form Blending
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2 XX
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2Hel H2xZA(Constraint) Ol
-?I H HROA THESSE DIHOIC.
A ¥22 DAHdP] foide &8
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a2 ORI 2ol A0 LIEHRH Hiet 20l
2HE! J|2=(Blending coefficient, ¢; )& AEdt
A & G Jhe JI-’EMEI 32| E&8Hmixture)
ol elah 1 ZuE esls dE(Resultant Ship
Hull or Blended Ship Hull) € A3 &L
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Resultant(= Blended) Ship Hull
= 3Ci » Basis Hull;

where, 0 < Ci< 1, =1,2,--,N
A(OIAM, N2 ME2E2 d88 Mdol=0 AsE
J|E=L8(Basis hull)el =& LIEHHCL OIE &
JIEAE0| 2JK0) He 242t SeiY factore 0.3
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H/ABE 1995, AUBAE S 1995, Hat4/0|7E
1999)= 42| net pointll ZolXIH ST E8 I
EHEO| S HEMAN XHSISHS AHHa
9l current setdll 2XISIEE scale&lOIH0F SHH
FOHA L, B, DOl Oholl SH&E2 PAHGH= x—net
point, y—net point ¥ z-net pointt 25 scaling
TO0L St F, d8 Sehd JIg2 J1E9 &F
gt 2 S0l Xi(Dimensional) &t}
A

Jg(AsE 2 1995)8 JIENE
Z2Hll RS JIHRZ RUE £ UM, JIE N
SHEQ| JIEHE0! 1HE K0T 88 HEO
bsEtl Bhall, 2 HF0IM Aigket 88 Sl
JlEE 200 0

SiCH= =3

oy Mo

Basis Hull 1 Basis Hull 2 Blended Hull

Fig. 6 lllustration of hull form blending

3. 8s3H3 Y
(Collaborative Optimization, CO)

System-Level Optimizer

Goal ; Design objective
st Interdisciplinary
compatibility constraing

Subspace Optimizer 1 Subspace Optimizer 2 Subspace Optimizer N

Goal : Interdisciplinary Goal : Interdisciplinary Gosl : [nterdisciplinary

compatibility compatibility compatibility
st Analysis | constints st Amalysis 2 constraiats st Analysis N constraints

Analysia | ’ Analysis 2 ’ Aunalysis N '

Fig. 7 Collaborative optimization
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(two—level hierarchical scheme)Ol0d AIAE! I
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constraint = discrepancy function) g*2
Il {8t CHE0IZE AAH(E= AIAE g
X, z)8 =3 SICL 2420 SIEAIAE
(subsystem optimizer)= GHRAIAE HIUtE
£ OHESl= OMRAIAE! SAHBA x,9F SHRAAE
HAZIOL y 200 AIAEY g Big ;8 FAH
Blleast square)2l HEHZ = A3+ St 0f2ist
AAE Y SHH 2= OFFAIARE SH 2Hll
A BEZLTE DAZNRCE SIRAIAE0] Bt
&0l AP, 20t EAHEH=x;2 38 A
HIl 20l EI00FBICE &=l 2XOZ
2Bt 2oL 2t B HAZXH g= ST WY
A j=0.00 AN HISI  HYEA
d<0.0001E 745l g= O3S 20| s
Ch ODIN, z={z° 790l zs= AAEH &3
0l ze= AAE AgEHSE LEHHCH
(Kodiyalam 1998).
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IO 2208 =X SAHDIgN FeXs &2
& LU HEHE WHEE SA0 226t A9 =
J| SEAAUES Hluw & SEHE ES6 4
ol Table 12t 20| 52HX J|gez o8t x|
H o(OI=S  278K/300K DWT VLCC, &AHIA -
330K DWT VLCC)E Sall Tt AHEACH
&gt AXH|(building Costi{0I#E S 200008 S
M2 Sl MSHQ 3| -(al-in-one)2
F=EX+= ZAFSM= OSH 20 JAG
(Formulation)® == U=0l, KIIM Method 2=
A2 CBI AIEENXIL HEE 0I80k=
Method 32 &HB=Z CBUA SgHY A0l
Cidt AL=ECH
Given : DWT(Deadweight), CVieq(Reguired cargo
hold volume), T(Design draft)

; HZ=9] QIAFEHOwner's requirement)
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Find(Design Variables)

D L(20D), B(E), D(RA0I), CB(HEH$),Ci(SH
& %), V(Service speed), DP(ZZ2EY XI8),
PI(XZ2Z2] LIXI), AE/AO(Z2Biz{ MO} HEYI)
L, B, D, CB,V, DP, Pi, AE/AO for Method 2

L, 8, D, Ci,V, DP, Pi, AE/AD for Method 3

Objective : Minimize Building Cost(21%H|)
Subject to :

gr i L+eBT*Cge(1+a) = DWTHWT

(21 . 52 X X2)

g - D= T + Freeboard (A7 HEZEH)
03 : CV = CVieq (27 3I2E 2F TH)
g ¢ 0.04B < GM < 41%(0.4)8Y/(gTr)
(D] B84 T)
g5 ¢ Ce/(l/B) < 0.15 (Z=BH HOIAS HISHA

2=(Obesity coefficient)2] MItEAH)

g5 : Ca < 0.70 + 0.125 tan""((23-100 « Fn)/4)
(Watson 1t Gilfillan0il 218t Cg2l HIEH)

g P/@nn) = penf DR oKy (FDI2{Main

Engine) C2SE MEE EQIE Z2uP{I} £

2510F 5h= Z21)

O Ri/(1-t) = ponf+Dp" +Kr (01 0NN

Set0| RPJH= FHS KOk 5H= =)

g A/Ac = K +(1.3+0.32) « To/(D « (potp

gh-py)) (GHHIBIOI& (Cavitation)0] ZAUSIX %S

=)

GI21A,
o, = appendage factor
WT = Zol=&Lightweight)
Freeboard = 248
GM = MIEtHIE] =0l(Metacentric height)
Tr = & £ FJ|(Rolling period)
Fn = Froude number
P = FI[A0| T2=240f
Ko = €23 H= |, Ky =
Z = Z28p] DIz,

Te = HZBIZ == = Ry/(1-1)

ECEE

]

eI,
24

et Eelst sl =2

H412 M3& 20044 68

9 26 AR 53
Rr = ™ K&K (Total resistance)
t= =2 242 HS
n=TRB{ 3|&L
Potogh = & &= 20| GIASE 4=
pv = SIS, h= = &%= 20|
K = 0.2(Et=8D|H2 AHL)
Mets, &gie] AXH|IE FAZ &= All-in-One
ol 2Hi= 8l &A #H=~(L, B, D, Ca, V, Dp,

Pi, Ac/Ao == L, B, D, C,V, De, P, Ac/A0) 3M
o S5 MZ2gi, g7, gs), 64 Xt
Z2HQ2, Qs G4, G5, O, GI)2Z OIROIE Z| A&}
ZH0IC Table 10il LIEHH 52HXI D18 SOIA
Method 12 £=XI&0l Het xI| &3 JIY[Fig.
3]0l o8t YOI Method 2= =XI=EQl &st
=0 B3 A3 J1¥[Fig. 4101 28 J1EE U
EFACE Method 32 & HTRMA Hokst 88 =
Jl S8 &3 J1¥0I0[Fig. 5 & Fig. 8] Method
4%} Method 5= =XH&0l Mg I A3 JIHHo
COE Xgst JIH[Fig. 9] & MEt=xD| S8 &
Jlgol COE &3 J|-l[Fig. 10]8 22 LIE
AL} Fig. 90 LIEHH Method 4[Table 11{=2!
/017 2000)= MEQ) FRX|+ 2 FHE of
SAIAE HH(Subsystem Level)2 "Deadweight
Requirements", "Speed/Power Requirements" &
‘Cargo  Volume Requirements" & 3319
discipline22 &L 0248t SIRAIAEE X
o) s AAE Y (System Level)2 ot
SAAEC 20k2t discrepancy function di,dp,ds
2 Hdes==2 JOHA, Aol HXHIE X4
Sl zZIH9 X+E HHGIEE PAEC L8t
Method5[Fig. 10]= Method 4%= =2l &E9)
oS Doist SaE A0l GIF g B2 Al
g&llli= 20| G2t 8 &+ UCLolaES Jelst
M, FRXl= 2 AE8€HEo WH0| SEE
& JIHE Method 32t Method 50123,
Method 1S &8I Method 22 Method 4=
oS 6HH ECH
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Table 1 The use of design method for preliminary ship design example

- Design Information MDO
Method Description flow Method
Separated in principal dimension and hull form variation, : _
Method 1 based on empirical formulation Sequential
Separated in principal dimension and hull form variation, : L
Method 2 |iased on empirical formulation Sequential All=in-One
Method 3 |Integrated in principal dimension and hull form variation Concurrent All~in—One
Separated in principal dimension and hull form variation, :
Method 4 based on empirical formulation Sequential co
Method 5 |Integrated in principal dimension and hull form variation Concurrent CO

Table 2 Comparisons of application example results

. All in One CO
Units | Method 1 Method 2 Method 3 Mothod 4 | _Method 5
Objective $ 1.19313x10° 9.94635% 107 9.91975x10” [1.01547x10°| 9.77525% 10’
L m 325.8 310.0 310.0 312.4 311.4
B m 60.4 60.6 57.3 59.5 55.1
D m 31.8 29.6 29.4 30.2 26.9
Ci - - - 0.99 - 0.0
Ce - 0.8087 ) 0.8499 0.8112 0.8325 0.8147
Vv knots 15.6 15.6 15.6 15.6 15.6
Optimum | OMCR| PS 40,006.10 35,433.97 35,159.70 35,434.04 35,732.17
Dp m 9.83 9.61 10.39 9.39 9.47
Pj m 7.07 6.82 717 6.49 6.54
Ae/Po - 0.44 0.44 0.56 0.43 0.43
CV m® 378,700.0 420,702.4 396,745.7 379,852.2 380,108.9
DWT ton 330,000 330,000 330,000 330,000 330,000
LWT ton 39957.7 36969.3 35441.9 40,744.0 33,012.5
System lteration - 58 5 7 7 10
Function Call - - 70 141 2130 7180

Table 3 Comparisons of deterministic/probabilistic approach using application example

Units Deterministic [ Probabitistic
Method 2 Method 3 Method 2 Method 3
Objective 3 9.94635x10" | 9.91975x10’ 1.00160x10° 1.02261x10°
L m 310.0 310.0 310.0 310.0
B m 60.6 57.3 60.6 57.3
D m 29.6 29.4 29.6 29.4
Gi - - 0.99 - 0.99
Ce - 0.8499 0.8112 0.8499 0.8112
N knots 15.6 15.6 15.6 15.6
Optimum DMCR PS 35,433.97 35,159.70 36,379.97 40,138.75
De m 9.61 10.39 9.78 10.53
Pi m 6.82 717 6.96 7.62
Ae/Ao - 0.436 0.560 0.444 0.600
cv m° 420,702.4 396,745.7 420,702.4 396,745.7
DwWT ton 330,000 330,000 330,000 330,000
LWT ton 36969.3 35441.9 37031.3 35843.4
Probability of cavitation occurrence, P, 0.5(B=0) 0.5(B=0) | 0.00135 (B=3) | 0.00135 (8=13)

Journal of SNAK, Vol. 41, No. 3, June 2004
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L Hull Form Variation Results

Basis Huli 1Basis Hull 2 Blended Hull

o O *CD—‘—_;I—K GrMb Stability Co
R - tability Constraints
+Cm, «.C8 | |Resistance Module] -
- g  Minimum transverse rolling
Blending Module v o period constraints
"o = « Initial stability constraints
Rydrostatic Calculation +Ch Propeller Module Propeller Design Constraints

» Propeller must absorb a torque
fransmitted from the main engine

Module

Surface | Properties

*Ch, *Cm, *Cp, *Cwp, *Cb ol  Obesity Coefficients
*\/ol. - =
“
* Disp. .
Weight Module " Weight = Displacement
| *Ch. *Owp Minimum Required
|__Freeboard Congtraints |
*Cb, *0m, *Cp, *OWD, *KB, +BM *Co Required Cargo Volume
*LCB, *Disp, Vol Constraints
denotes Calcuiated in Hycrostatic ——‘ Cost Module —
Calculation after blended Hull L -
Then those input each Modue. Minimize Building Cost

Fig. 8 Method 3 of preliminary ship design example

L' B'D'C.. V. DMCR® Min. £=Building Cost L' B'Cy, ViDMCR'
St.d,=0,d,=0,d,=0
y [ DY = (L'B'D'Gy'V- DMK} )
Min d=L-LPHB"B Mn. d,=(L-Ly+B"-By
HDDPHGy -G HV-VP HG-CH(V-V?
+DMCR-DMCRY? +DMCR™-DMCRY?
St. LB TGy 1.025(1+0) L'BD'G 4, sv2v
=DWIHLWT
GM2004B Cargo Volume Requirements LBG \Y N
G/(LUB)<0.15 LB Ry =ALBG)
G<0.70+0.125ta((23-100Fny4) Mn d; = (L-Ly BBy DMCR=DMCR(R)
HD"-DPHC-Cp) P=7(DMCR)
LWL,GM SLCV2CV, V=f(P,n)
D2>FotT where, {P,n),Qptimization Process
Max
Y |
CV=C. LB -t
GM=T(0.9-0.3G,0.1Cy) beC”L"l?)DCND AgA '
+BO.0Y(CG) BT 1.6D2  J | =/@BDG) \ (L3037 T/ D Xprpatrp)}

Fig. 9 Method 4 of preliminary ship design example
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Min 4, (L-LYHB B

Min £=DBuilding Cost 'B
St d,=0,d,=0,d,=0
DV={L'B'D'\C’ V' DMK’}

Mn d,=(L"-Ly+B"-B
HD-DPHGCPH(V-VF S
+DMCR"DMCRY HOMCR-DMCRY’
S Dispcamen e C g SVEV
— DWELWT _ | f
GM2004B LBG, v
GYUBS0.5 [ R=fLBG) )
Go<0.70+0.125tarv’((23-100Fy4) HDMDPHCCY DI‘?:J:(];WRM‘})(R‘T )
LBD LWL,GM S CV2CVg V={(®,1)
LWT = Ws+Winr Wo — vhers ﬂm%mon
Ws=CsL16(B+D) LBDC, CV.Fb St P/(2m)=prrk:2DP5KQ
W= CmDMCR VG LB Ry/(1--preD K,
o=CoLB CalyBDCGp AJAG
k GM=KB+BM-KG b= f(I-eB’D:CB) K+1.3+0.32)T, gh-p.)}

Fig. 10 Method 5 of preliminary ship design example

5. AEEX Jldgol A& d9 =I| &7

R(kgh)
o
s

—
0.64 0.66 0.68 0.70 0.72 0.74 0.76 0.78 0.80 0.82 0.84
V(m/s)

Fig. 11 Measured resistance data of the 300K
class VLCC from the 3.0m (1/100) model

ek XD A Al =X 2AEAHHNE &
H HBo| Histd 2 SO oS0 Ao &
HOF D QUCH MetAd &eb =I| ZH DA
N A3 B0 SSAIM0ILE HEHS HEH(0|D
geldez dg = Us BHEEXE JY
(Probabilistic Approach)0l J|&=20] &FEXA J|HY
(Deterministic Approach) 2Lt SHALO| EEAl

HdE §EHOZ g £+ US A0ICL 4= F

QX Z2HHENM 22582 oD oA
Setol M MEH(Total Resistance, Ry)HAH0| E4
HoZ MBMS00F BIC & NHE2 «etol 20|
2} BBROZ SUBHI= AMAS SXDSHAIS
ZM[Fig. 111S(2X2F 2000) SHAE &2 & =
UL Hetel & OMEHAN OHE el 2
Holtrop-Mennen ST &8t =% QEANEXS
£ S (EHS E 1988, QINAl 1990)22
N2 SoldT B HEOI
UCH

WetA - &gt 201 A Al F=A-Z2Z UM
SN0 HEHE Nolole B2EEA JI-” 2
P 2EEF S JI"ul Qs &
X ZAG 2ENAMLY ZUE Hlws| R &
OllA miekst &9t OIMIGIA Method 2 % Method
3lFig. 12101 CHal =E6H SUALCH
gt =I1 Al A2 SEASN
51 /sl = GRdMdE 82 =25 & L=
2 FRX4 ZHCHONA Holtrop & MennenOl
Olgt Metel M XgHTotal Resistance, RS &5
H(Random Variable)2 1Ded6tA D SHHIAEHA!
(Limit State Equation, LSE)[4(3)]2 =2 =

Journal of SNAK, Vol. 41, No. 3, June 2004



Jv
FHU

g

103
e
v

24 HAEANMS HHIEIOKI0 2
b/ LTINS Atﬁaﬂom mguL0 HSY

OH SHAZIZT Xi=(Lee

Fig. 12 Probabilistic approach for method 3

Resistance

PD

Ky Hg g’ RL
Fig. 13 Change of probability of failure due
to change of mean

g(z)zAE/Ao—[K-f— (1.340.32) - TL] 0

(Dp? - (po+ogh—1,))

_ ApAp- (Do (p,+0gh—p,)
)= (D% (po+ ogh— 1)
[ K- (Do (p,+0gh—p)
(D% - (p,+ 08h—1,))

(1.340.32) - T
(D5 - (p,+ pgh—1,)) “)

gD =AgAy (Do - (po+ ogh— )

—[K- (D% - (p,+ pgh— p,)) +(1.3+0.32) - Tpl=0 (5)

g2)=AglAg- (D% - (po+ 0gh—1,)

—[K +(1.3+0.32) - T;20 (6)
AplAo- (Ds - (p,+pgh—p)): R in Fig. 13 (6a)
[K+(1.3+0.32) - Tp] © L in Fig. 13 (6b)
P/Q@an)=p- n®- D5 Kq (7)
Ri/(1-0=p-n* Dy Kr (8

et Zsts =28 M41A R3S 20044 68
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where, P = DHP +ny
DHP = Deliverd power =
EHP = Rr+V

EHP/np

EHP = Effective horse power

ns = Relative rotative efficiency

no = Propulsive efficiency
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