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Remodeling of Hull Form and Calculation of Design Parameters
using Cubic Composite Spline

Son, Hye-Jong* and Kim, Hyun-Cheo{**"

ABSTRACT

This paper deals with a method calcvlating various hull form parameters which arc required in
numerical analysis for ship performance such as motion, maneuverability, resistance and propulsion, etc.
Atter the hull form is designed, before the model tests the ship's performances are evaluated by vari-
ous analysis tools in which the hull form parameters are used with many kinds of {orms aside from off-
sct data. Here, The huil form parameters characterize the properties of hull form and contain positional,
differential and integral information implicitly. Generally. the commercial CAD-system has not func-
tions cnough for supporting these form parameters and therefore each shipyard uses its own in-house
analysis program as well as commerciul analysis software. To overcome these limitations, modules for
supporting these analysis programs have developed, The madules contain cubic composite spline curve
using local curve fairing, intersect algorithm, Gaussian integral, and other geometric techniques needed
in calculating hull form parameters. Using our analysis-supporting modules, a complex hull form can be
remodeled exactly to (he hull form designed by CAD-system and any hull form parameter required in

various performance analyses can be caleulated,

Key words : Form parameter, cubic composite spline curve
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Fig. 2. An example of waterline with cusps.

{a) Before fairing (b) After fairing

Fig. 3, Fxamples of cubic composite spline using local curve fairing,
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Sub-component Parameter Description
Disp.Cb Displacement, Block coefficient
Cm,Amax Midship coeflicient, Maximum section area
LWL Water line length
1.CB Longitudinal center of buoyancy
Cp Prismatic coetficient
1.CBa, Cpa Parameter for afl part of hull form
LCBf, Cpf Parameter for fore part of hull form
Ca, Ef L/B*(1-Cpa), L/B*(1-Cpf),
Section Area Curve BAR Bulb area ratio at given draft
(SAC) Ch4 Cb until 0.4 station
B' B*SQRI(0.25+14B/T)*2)
Ea’ L/B"*{1-Cpa)
As Cm/(L/B)SQRT(B/T*Cb)
AT Immersed transom area
Br03 Sectional area ratio at 1/3 Amax
Cpa' Cpa to 5.0 station
CPR Cp value of run part
CPE Cp value of entrance part
Cw Water line coeflicient
LCF Longitudinal center of floating
Design Load Waterline Cwa, LCFa Coefficient for aft part hull fonn
{(DLW) Cwf, LCFf Coefficient for fore part hull form
Eangle Entrance angle
Cwa' Cwa until 5.0 station
Sigma a (1-Cwa)/(1-Cpa)
. : Sigma_f{ (1-Cwh)/(1-Cph)
SALERWI: Cypa Disp/(Cwa*L/2*B*Ta)
Sigma & {1-Cwa)/(1-Cpa)
WSA Wetted surface area
KMT Meter center height above hase line
Bluntness Waterline bluntness coefficient
V(R Vertical center of buovancy
Ltc PI Propeller immersion
LIBA Lateral immersed bulh area
TRZ Stern immersion height
TRHL (Btr/B)/(Sterm overhang/Ipp)
TRAR Immersed transom arca ratio Atr/{Amax*T)
TTLS Tunnel (op line slop at half draft{T/2)
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Table 4. Hull form purameter for the use of performance analysis

Sub-compenent Parameter Description
BR Bilge radius
Abulb Bulb area at FP
Tau Criteria for U or ¥V shape section
| diag Section shape at 143 Amax
Section BCL Breadth at SCH height of 2.0 station
' BO7 Breadth at 0.7R height of 2.4 station
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Riwd Curvature parameter at 9.5 8T
Raft Curvature parameter at 1.5 ST
SCH Shaft center height above base ling
PMBs, PMRc Parallel middle body start and end position
SO Steen overhang(length from AL (o all end)
TH Transom height above base line
SA Screw aperture lrom AP
SBx Stern boss position trom AP
) BI. Bulh length from FP
Boundary BI.R Bulb length ratio based on Lpp
BH Bulh height ahove base line
BW Bulb breadth at FP
SternA Slop of stern profile
1L.BA lateral bulb area from FP
Hap Height ar TP
SBD Stern boss diameter
Rangle Run angle
PTC Propeller tip clearance
HSKEG Longitudinal skeg height
I SKEG Longitudinal skeg length
ASKEG Longitudinal skeg arca
Etc XSKEG Longitudinal skeg centroid [rom midship
RSKEG Longitudinal skeg radius
TwDS [Twin]Distance between shaft
TwITL [Twin|Tunnel top line cross with base line
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Table 5. An example of hull form parameters for twin skeg type 160k DW'I' shuttle tanker

==JTYDROSTATIC VALUES (HULLZ R1.50)

Project Name Shuttle
Ta Draught at AP (m) 16.06000
T Draught at FP (m) 16.0000
Ch (based on 1.pp) 0.8303
Cp (bascd on Lpp) 0.8323
Cm (bascd on Amax) 0.9977
LCB (from MS) (%l.pp) 2.4137
Amax Max sec. area (m"~2) 734.2832
WSA Wetted Surlace Area (m~2) 174491086
Lwl. Water l.ine Length (m) 258.0000
Disp Displacement (m"3) 155226.28
Cpa 0.7755
LCBa 74.4809
Ea L/B* (1-Cpa) 1.2398
Cpf 0.8891
LCBf 184.2855
Ef L/B* (1-Cpt) .6124
Cw {based on Lpp) .9191
LL.CK (m) 124 8247
Cwa (19336
Sigma_a {1-Cwa)/(1-Cpa} 0.2955
LCFa (m) 66.5508
Cwf 0.8219
LCF{ {m) 190.7983
Sigma_{ (1-Cwf)/(1-Cpf) 1.605%
Bluntness coefficient 0.4137
VCB (from BL) (m) 8.3569
KMT (from BL) (m) 17.8704
Entrance Angle (deg) 59.3621
Stern immersion (m) 2.0000
Bulb Area Ratio 0.1528
Ch4 Ch until 4.0 st 0.5270
Propeller lmmersion {m) 8.758%
B R*SQRT(0.25+14B/T)") 28.0179
Ca LB™ (1-Cpa) 2.0355
As Cm/(LBYSQRT(B/T*Cb) (.1169
Cvpa' Dispa/(Cwa*1./2*B*Ta) 0.8286
ATT Immersed Transom Area (m"2) 0.0000
Br03=B1/B2 485.3532 / 7342832
Br03 Section Area Ratio at 1/3 Amax 0.6610
Cbi(L/B) 0.1504
Lateral  Immersed Bulb Area {m"2) 75.2338
Cpa' Cpa 0 5.0 ST 0.6629
Cwa' Cwa to 5.0 ST 0.8669
Sigma_a' (1-Cwa')/{(1-Cpa’) 0.3948
CPR CP of Run Part 0.7505
CPEC CP of Entrance Part 0.7867
| TWIN]Tunnel Top Line Slop at T/2 (deg) 21.5893

=>HULL FOR MPARAMETERS (HULL2 R1.50)

Project Name Shuttle

Stern Overhang (m) 4.0000
‘Transom Height ab BL {m) 14.0000
Shaft Center Height {m) 4.2411
Screw Aperture tr AP {m}) 7.8793
Stern Boss position {m) 5.8578
Bulb Length fr FP {m) 5.9000
Bulb Length Ratio 0.0232
Bulb Height ab BL (m) 12.0000
Bulb Bread that FP {m} 9.3620
Bulb Arca at TP (m"2) 1121883
Stern Boss Diameter {m) 0.4822
Slop Stern Profile (deg} 20.6165
BR Bilge Radius (m) 20000
Tau (V or U shape) (deg) 31.2336
Run Angle {dcg) 8.3792
Lateral Bulb Area (at FP) (m"2) 75.2338
Prop. Tip Clearance (%dia.) 44,7144
Height at AP (m) 12.5560
Parallel Midbhody Start (st) 9.0000
Parallel Midbody Lnd (s0) 14.8000
L/Ldiag 13,8599 / 22,7466
L/Ldiag Section Shape at 1/3 Amax 0.6137
BCL Bread that SCH of 2.0 st (m) 11.8673
B0O7 Bread that 0,7R of 2.0 st (m) 12.0926
$3=Al1/A2 1.2542 / 80.7930
83 Stern Area Ratio in 1.5 st 0.0155
83'=A3/Ad 15.0757 / 53.8620
s3' Stern Area Ratio in 1.0 st 0.2799
HSKEG Longi. Skeg Height {m) 12.5560
LSKEG [longi. Skeg Length (m) 34.7812
ASKEG Longi. Skeg Area (m~2)  131.4093
XSKEG Longi. Skeg Centroid from M.S. 110.3509
RSKEG  longi. Skeg Radius (m)  504.0624
[TWIN]Distance bewtcen shafts, (%B) 36.6946
[TWINJI'T.¢cross position with B.L. (st) 4.0093
[TWIN]Vertical Skeg Angle (deg) 14.0366
[TWIN]Longi. skeg angle at 1.0 ST (deg) 2.5233
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{a} Twin skeg type 160k DWT shuttle tanker

{b) 162im passcnger ship

Fig. 6. 'xamples of panel generation or motion analysis.
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