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Abstract

The efforts to utilize modern computers for the hull form design of ships, started in
the 1960s. In Korea, tools for the computer-aided hull form design such as FORAN sys-
tem have been used from the 1970s. However, the development efforts for such tools
have just started. To maximize the output from the limited research resources in this
field, a reference model for the development is proposed. The model can be used to de-
compose the task into sub-tasks, and to integrate the separately developed component
technologies afterwards. To produce the reference model, the state-of-the-arts has been
surveyed, including both foreign and domestic researches, within both shipbuilding in-
dustry and general CAD sectors. In the process, component functions for the hull form
design have been identified. The reference model is constructed using these identified
component functions.
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CAD/CAM : Computer -Aided Design / Computer ~Aided Manufacturing

CB : Block Coefficient

CFD : Computational Fluid Dynamics
CM : Midship Section Coefficient

CP : Prismatic Coefficient

DB : Database

FEM : Finite Element Method

GUI : Graphical User Interface

ICCAS ! International Conference on Computer Applications in the Automation of Shipyard

Operation and Ship Design
LCB : Longitudinal Center of Buoyancy

NURBS : Non-Uniform Rational B-Spline

SCAHD : Computer Aided Hull Surface Definition
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Fig. 3 Methods of hull form definition

o] Al&H 1 Ut} W (Surface) F A9 =& &
AL, AEAHA Ao EAE e FAAE (Body
Plan), ¥9AE T #48 FMT (Water Lines),
ZHA % (Buttock Lines) & +3p7) ¢l e 34
nAE YR e Holn. Yo 3apeR
FAE F9o g w3 TAE Fake A At
T B3 fA g2 BAlold [15]. zefy Add A=}
= AEHQ HAZAM (Sectional Curve) S-S AA#
oM FAIZ o] 83luR, IHmA 7)%e]l 87
o},

2o ez /Y, ¥ S Fst=dl Cubic
Spline, B-Spline, NURBS %°] AMHH1 o}, £
Aol ez BEHabd, Azt A gse A
(Batten)?} 33 RWEE @& B (Beam) 2 2493
Flug, 3agdel 2 o] gdu) eyt AAhkA o
Me E2E (Plotter)y FAlAl0] Ad7]e] A4
ure} 0aFAlQ) Y o] Migho] g E )

5. MEo| HE

EXE 718 B2y 48 23 Ao 2ol
REAQ WAL FePsle FRARoT, GRS
e YHAME (Body Plan)9 A Stationd W7

Transactions of SNAK, Vol 31, No. 4, November 1994



A HYAA Al2e) g 99 7172

AV, 433 ¥92 WAst= Zone Modification
71%5°] 27€th

HA AEE D Sle iR MEdA Al 2EdA
£, 3 (Surface) ¥ 2 & AR &3 4 (Curve)
Aol & YA 7R o] 83tn sUth. o] A SelE A
EA9 AEAdA g npasiA R, 2 g FA
(Sectional Curve)® 7tol] BUXE & islofgtct.
o] AL waH+H (Cross Fairing) ©l&ta s, =5
HS e oo FME WARAEY, 20 @
g & dHIHde WAL wgs] flete gagh
zZglolc), o] AL nl$ MARE APz BE Y
A Agdted, B IR E o St Ak
g 4 e FAgolv

gy AAMAC B2 27dANME Profile,
Side Tangent® &2 F8 34 (Characteristic
curve ¥ Master Curve) 22%E A28t [23]
[27] A8 g iyt ZAFe7 o A&3Y A
olng FALAE FNHoZ £ 5 Uv W
o] Wosltt el wAEH Al AAR FH
A% (Body Plan), M % (Water Lines), £%HA
% (Buttock Lines)& FAlel 2x A48 4 Uoh
W, AT go] F4E Flolnt, o] FA MIH rhEt
Mg @AM st FAstm HEHE ALY E ke
& 3-View (Cross) Fairingeletal F23% Qlc},

BH FAYE oLty WM E Station E
AAMA] Bgg AS$E Qrt o] Ao 3xtgH e
2 Holgo) gy wojdl A = Tt & HE o]
&, #F Stations EFsE 9H (Plane) Wol
Mgt olF et Aol uiekAldl A9t @t oleid A
+& el A7 (Constrained Modification)

olgtm gt [21].
6. M8 =H

$EoM deE mAeEg e 2§17t oujshRel
ditdoz ePAgde]l AR AR oy, o
gollae A¥dge] g2 FRec 23 48
A 2ol AnEe £3d d¥er B 59
Foltt. £ H e d¥e #¥o] AAe AL
AW S wEste AP A5l o Aolmnzg,
FAe 2UAE AAG D & 2FES AAde 2
Ay g APHBe) dF 2 BRI 2P, 4%
& AHE3he o) AlarlEe] NAPA Al~dln 2
ol Y YE ol&ste Aoz Tside] o F

of Atk mAEY Aede) PEe BALE A9l

REEBRRASCE 31 8 B 498 1994% 118

w &

19

o] €t} FPoTE, VB YFEEE 5 2
AedAds AdL £3 (Macro Fairing)elehst
i, o] el dudle THeY YL vAHEH
(Micro Fairing)ol#&ta 78 &+5 U< Zoloh,

A#el &3 (Fairing)elg} &, MEMA7 &4
SAl ojze ulide] g 27t AR Gl
A, g gEte WS juEA Y et FHAY
o] ZRAQ] FFUYA L AAse AR, oA7|Me
AARR L |3 HYE g2 ) o] AYE ¢
HMe FHFY7F HdHoz fEsd, B &3
W Eo] Aol WYL E HAE gt WEeR
Frrgtch o] AL QI AR =go] Haglol
237t bttt o] B £ YxE w02
gelalr] Hated FEE /A EE e, €8x
o] RS AT AF/AHQY NFo) viAS AR G
£ Ho| 4|2 dolglt},

TZAHE o] g3l A HES B Fo, 2
Fg FHor By WL w=E 33 & Skinning
olg}x ¥E1, o] Skinning ol MR E &
it 3PS A Helsrx ek [9]20]
[22]. 38 Mesh Fairing °o]& ZA % (Curve
Mesh)& o] 83l Ao} AU E FHAisls}
ogx 39 FHYE Feta, ol Bl oA
& FE b o]} [25].

7. 4sWI}

Aol AT V8 2 Aol gt HEd o}
ztgjo] Hasdlel Mg drEHIY A5 E5 9
£ Aol GAHUEAE st 2ol asiH,
YA 2= A dAri 1 Hxe] Eelz]ol
FAl 2 FEs|ojo} gt} T3 A MG Lo
upek AEEt s O AAE 3ot el &
t}, oleldt AWt 7lTe thgH #ol ZA T
2 EFES Ut

(1) AP EAAALM (AubA) - dAg Mt g
FHE SE9 ESE tdsiA &g £ deRrE
glghe Ayoln, Mikslrl 713 wA Almd Fob
olt}. vjs#F Bonjean, HHA, EY B9 Altto] o
7ol £t

(2) #4485 M - dAE Aol T AYgF
A9 EE2F AT 22 sl AE Elshe 2y
o8 aF¢e FE Y &Y™ Eeofolnt, F
ool AR (CFD) e w@da g4 A4kslrt
Fui=ln ok A EHA 23 &5 7] HalA



20

= AAYA (Grid Generation) EE o WA
(Mesh Generation)2] 7]%°] F7}% ojo} gt}

8. EEN

Adutre] ejge AdAlcl e 22459 Hge
2 345 es dAAE A8 gantydAM 1Az
Ay A7)0l dxE e 2oz Y Hue] A
&g A8 Hdel M= ojof Ft} o] HolA 3
A ZHo| Fig. 4 o H9l AR} o] Zolate 2
2 o2 Wiyl AFata oA g A
d g2 ohA] 3xY FH o2 wEd [29]

EERE Wi
2 d|l-»|a Al |z w

Fig. 4 Development and manufacturing of shell plates

AR Ql AHIH (Free Form Surface)S $¥
o8 ANgle AL AR Bl dln, I
ZA+g} (Approximation) #3e| Hasict o] 73
| 2x7 AYEA =, HEE o] AgTHes
7}Eshe Bl thA] @ atv) E3HE = gl gle}. o]
213 ZA B AAB] $lsle] AEe) A AH=
A didel AAVbs FHE A8 ¢ U} Albs
FHo|T Fig. 5 ol 122 A Ze] @7l Ao

3 2ol A He IHE BFHE o
03] 2PH Gaussian Curvature K7F 8+ 0 ¢

to

{0 ;j.‘o
JH o ol

Fig. 5 Developable surface [24]

AEAA AAoA A7te FH S o8l A
A g Jusd Bie 1 A o
=Y 9o FEl3lt, Knuckle Lined & Ed&

g%, oled

Al Ak stnz, qEE3 4
(e}

of ¥& J&FE F & Aok [1]16]. WebA ol & 2}
4 A3 Fdsbr] dalre FAdF Wt
7k A A ¢ 87 Brhe|ojof gt

AMIGLAE A% 71E DS Fig. 6 9 2ol A
3k, o] o] AFAAQ Alxde] 7] fsiME o
% 2& 71550l Fadith ¢4 dute] Fea%
% dojehlo] 22 FH FAMIE S e
v FAASE ol &t HARME AX HES
Ygste mEo] st 9 ANE AgLe AF
Bl W fol g ojol st HAFAE AsMe
T 2R st B5 Besin, G dA
WAl FAg )7t FHF e 2 WA Eofof gt
gl FeFHoz FHHE 274 Wy
& AAH, A nA st dute] Ao BeE
AR ] PETt o] WMz Hutl wgty)
AR A BF T, A AAs I
E AA FHYez Holdnt o] FelXe wAeH
olgta F2& Aol Ml dRzT RHEY
Age] s e H¥e 5498 vAste Az 2

XYoo e
1>
)
2

Adaptive
> Regression
Analysis
3o ||
L]
Wireframe | <t— | ¥ &

oX
ofr
0\4:\\.
~

b4
O:

l v
e A

Surface
Dl A A

A I B R

AR B F o] 2 83} 28 FhA g

Fig. 6 A reference model for computer-aided hull form
design

Transactions of SNAK, Vol 31, No. 4, November 1994



g
>
g
o

BAA Mzwe e A8 7lERd

o] 7

&
A 7
al

a2
=

=

AAAC] opm, ot YL Sl A
3 xR 7F U £3d e FHo

e Aoz HoItt, e MY
Bozol Hrfet A} Al o] &, 1
7he 33 & AR

olg| gt YTE ol Pl A" el )45
7l i, YoM g, 38 AA Ao oz
€ 7} A9 &A Alololl A A& o]Ho] Fg s}
o aRE 7 dAE FAse RE AME By
7r Qe el 29l RS FAH o2 Bedte AMHEA
Qe Fo]2rt 1 AEE FA Aot WA F& ALS
2} QAEjdo] 2] Ate] ZFadn, o|& T dAA
o] 9=t A f4A g8 + dojo I} =
AAY] Z DAt FAS ol TA dAE Ay
o} 5ol FrHd & ojof s, Az o] APz} A
o] Fd AHHFHo] Hlojetwo] 2ol AAE o
Z3 Ao o] g5lofof gt} AitatiAgdo] MEHA
Aol HERE 128 ¢ UEE AYsle 7lsE g
8% 715t

A
=
%

'~

i)

g

10. WEE

ol FoliXe AAAFLA Al 2de) A AT 3
T BdE AGslr] g, 1) Fuiele] AdIEA
Al g @@ A7t AR, 2) o] Entde
2 AMAYEAAE TSt 24788 0] FoAa
AEF AUk 2R ¥ A, Heol, ¥, &3,
M. 8597t 716 Ecltt. 3) olEe AaHAS A
gl A Pl o] FejEglen, 4) vidA g
AAH 7HE BolFe shie] 71Erdo] A
et

A E A A2 & asty] st N o
T A el ¥ BEH g2k e, oA g )
Nete sdes 71EREdo] $& £Uo g dodr)
ol kg File] HUF VERD] WEo] Mt
c ol Eobe] b A FAE Tl AR o
THT o] 7hed Aolm, AHEElE golo B
& AT UE Aotk BG g B AFEA}
solol & Bal71 &9 gtotel] mgo] & Helrh
g, ol NERd e HANEAA Ao nud
Be Fdxed FolE ueoez gAdslofol 3,
71 AL g FAbate] st whel Al 3
¥lofof st 3o ulgtz] aict,

ofy mo o g

e

2uFH

ARENMBERUE B 318 F 49 19945 118

21
A, "= AT Ad i dAvFe S
d g &4 A 7(1):57-78,
1970 2¢

Belda J. A., Martinez-Abarca E., Torroja
J.. "The FORAN system”, ICCAS’73,
Aug. 1973

Kuo C., Kyan A., "Direct generation of
fair ship hull surface from design param-
eters’, ICCAS'73, Aug. 1973

HES, AN, A 9 gaAd g Sl Ay
9] FAFA] wy” 2MERR], 14(1):19-
32, 19773 3¢

REH, 49¢. Fad 9@ 139
FRAREY Bel", 2A83A] 14(3):1-
4, 19773 9¢

SCHAD'77. First International Sympo-
sium on “Computer Aided Hull Surface
Definition”, SNAME, Sept. 1977

Rogers D. F.. "B-spline curves and sur-
faces for ship hull definition”,
SCHAD’77, Sept . 1977, pp.79-96
Creutz G., Schubert C., “Interactive
curve creation from form parameters by
means of B-splines”, Schiffstechnik Bd.
25, pp.121-140, 1978

Rabien U., "Ship surface design by trans-
forming given mesh representations’, IC-
CAS'79, 1979

Rogers D. F.. Satterfield S. G., "B-spline
surfaces for ship hull design”. Computer
Graphics, 14(3):211-217. ACM (Associa-
tion for Computing Machinary) Siggraph,
1980

VALY, 4T, A4, HE B 543
of og ML AT 2, 20(1):

1-10, 19834 3¥

Nowacki H., Reese D., "Design and fair-
ing of ship surfaces’, in Barnhill R. E.,
Boehm W. (Eds.). 'Surfaces in CAGD
(Computer Aided Geometric Design)’, pp.
121-134, 1983

Rogers D. F., Satterfield S. G.. Rodriguez
F. A.. "Ship hulls, B-spline surfaces and
CAD/CAM", IEEE Computer Graphics
and Applications, Dec. 1983



[17]

[18]

Fog N. G.. “Creative definition and fair-
ing of ship hulls using a B-spline
surface”, CAD, 16(4):, July 1984
Satterfield S. G., Rogers D. F., "A proce-
dure for generating contour lines from a
B-spline surface’, IEEE CG&A, pp.71-
75, April 1985

Norskov-Lauritsen O., "Practical applica-
tion of single curved hull definition
Background, application, software and
experience , Proceedings of ICCAS’85,
Not in the Proceedings, Sept. 1985
W3, Hsd HYE, BH2, ‘B-splines
o] &3t MA|FHol A A, tFgFx153
2], 22(3):19-26, 1985 9¢

Catley D.. Whittle C., Thornton P.,
“Applications of the general surface defi-
nition and manipulation system, GEN-
SURF", in Martin R. R. (Ed.), The
Mathematics of Surfaces 11, Clarendon
Press, 1987, pp.171-202, Conference
held in Sept. 1986

olftd, s, MY o3 A 27
A¥ A el B3 7, didEAgs
2], 24(2):, 1987 68

Jensen J. J.. Baatrup J., "Transformat-
ion of body planes to a B-spline surface”,
Proceedings of ICCAS'88, Sept. 1988
Rogers D. F., Fog N. G., “Constrained B-

¥, ol

spline curve and surface fitting . Pro-
ceedings of ICCAS'88, Sept. 1988
Woodward C. D.. "Skinning techniques
for interactive B-spline surface interpola-
tion”, Computer-Aided Design. 20(8):
441-451, Oct. 1988

Chen Y., Parsons M. G., "M-Hull : An
interactive graphics hull design program
- User’s manual Dept. of Naval Archi-
tecture and Marine Engineering. Univ. of
Michigan, Oct. 1990

Rogers D. F., Adams J. A., "Mathematic-
al Elements for Computer Graphics”. 2nd
Edition, McGraw-Hill, 1990

Huanzong R., Gang C., Weirong Z.,
“Non-Uniform B-Spline Mesh Fairing
Method", ICCAS'91, Sept. 1991

W, "Surface modeling for
CAD/CAM’., Advances in Industrial En-
gineering, Vol.11, Elsevier, 1991

Bardis L., Vafiadou M., “Ship-Hull Ge-
ometry Representation with B-Spline
Surface Patches”, Computer-Aided De-
sign, 24(4):217-222, April 1992

A4, o|AE, Fuzzy BES o83 27
Ay AT oigEAgs] =231, 29(4):,
19924 11€

AFA, AR THEEe] AtE B4,
2183 92 FAESTRI, 199249 114

Transactions of SNAK, Vol 31, No. 4, November 1994



