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Abstract

In order to develop ship hull forms, many various models are represented
numerically in terms of B-spline surfaces and tested experimentally in the towing
tank. It is very difficult to make various ship hulls with free forms in handiwork.
As the first step of development of a free form cutting machine which becomes a
good substitute for high-priced model cutting machines, free forms representation for
model cutting are developed. In this paper, NURBS surfaces are represented on the
assumption that data points may be control points contrary to existing methods.
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1. M2

T ARJAIE G IA APH W3
T IR FEEol N2 7l S 4
gk w3y gy AHE BAsln o
E3] ZAFEHE o83 Aol B IS X1
uck. FT FRe QA= 214171 AR AT A
4g AT gL =Y i, ZF dPra=
A3t Al A L AMY Adub(Advanced
Ship)7iEe] "gAo] dFHz e olud &
AHgade] 3 Hxo 3 FR(ARSGTESF
Z)3A4e 2AHYTE 79 B2 2HlS A
£ Aoltl A Al glolx AY HA AP
olo} & A =¥ Azttt ML Fejo] vt
< A M eyt ekl B2 23]
dash} AR E 7R AA 8348 ke
2 AzFrlele ozgo] FutEln] £3] Azt
QoM B AZF 2 A2 Rt HZ 71A
5E 9 I Y 7S $sid ONC vk
o] &3kt AHIFH(free form) AMPLES
A% dlolg A (] FARAE)0] BoletA] &
1, ol& I3 Alzsle] FuloA A=k Fof ¢l
£ ¥l ole} 53] :folr] wjFe] thdtolA
& I AT =45l AREEldle @43e
Z og] ¢ dFoltt. M AAELS HAAPYE
% A2 2d3y 92 2y zF R
CAD/CAMAI 2EE 71 Alzfstnzl gt

AAPAE Aosh] M e Offset 2 =¥
o] Bas3(1)(2), ol& 7wtz sl 2xdd
TS A, olE Hal 2o JiEE ISE
18]S ARSI  Interpolations &tx
(314}, ¥=e 1S 7] 3 3 A
S 33t 23 Fo] HY o) E ol
3l gird offsetS AH&dtm, olE Ho|HE A}
£3ld =9 Interpolationg 3t 33 FHE
Az} 33 FEE 22K S FAUSHA
Ho#e 3xd FAS HEY(5)(6).
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NURBSEW S #Asl7] 94§ B-Spline %
Z(control point)& A 371K ¥Wyoz ZAH
80, ojm] L dgE wiy, s E e
2 =5dA ARl AAHe ArHE 2HFL
2 7Pgste WS o] &3itt. E3 AAE A
Fae] FAAAA ] diF Vs AN A
3 FUES AI9I% B A JEgS AR
I Gaussian ZEZ ARG, a=2ln AAIA
BE 7%, F9H /A3 2 Ax=(lines) A4
5< 9 2 E(modules)S Y ARER} <IH
HolA(GUD /HEdE& =948l ALFHT7)(8)
9).

E3 Windows NT(Windows 95)-g3A]
3lolA Visual C++& AHEE 2eigARER <1
B¥olA(GUDE Fdsie], A 3, Az o]
g zmday JAs gfzeayo JRiEFew
AREEl T 9lE OpenGLE o83l Hr} dpdd
28 £3P5EHE /I AAFRE F¥e =
2a3g /AE(10)(11)(12).

2. B-spline ZHH3} Z7|X§5(Basis
function)

2.1 NURBS(Non-Uniform Rational
B-spline) ZIx§52] d9|
7 pl NURBS 249 Bele va3t 2
t}H(13).

20N,»_ LwWw;P;

(u) =
goNi,p( u)wi

a<u<b

Ni(@w;

Ri, (u) =
’ JZOM_p(u)Pi

C(u) = ZORi'p(u)Pi
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U= {00, up1,, thy_py,1,, 1}
ptl p+1
2.2 NURBS £H29| H9|

2, 2NN, (D) P
Su,v) = ——3

3, B NN, e

N,LAM)NM( I))ﬂj

R; {u,v) =

g) gnNk.»(u)Nl,q(v)wk,,
S(u,v) = .Z:o Z{)R,-J(u, ) P;;

2 238 3% (cubic) NURBS Z419] 715
Aol gt Hste}l lF(knot) T ZA A FHd
& 349 cuspg YERI Rojth.

Fig.1 Rational cubic B-spline curves with
varying w3
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Fig.2 A quadratic curve with a cusp at a
knot of multiplicity
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Fig.3 A quadratic curve at a double
control point

3. ZHHE L&

AdE 712 A¥el & AR T+ AdH
A9 ARZA 2A X (free sketch) ZHE ¢
2|E}o] A (digitizer) & ©]83lq I I 99
8-S 43 JATHE o] AL AW AT
ZF o] dasitl & offsetoBRE XAAE H
A3ly] Yaire AAPE FHo] offsetS A7}
7] 3 2FH L AEslor gt

3.1 Yy vy
(Inverse matrix method)

Zgo)A] d& A8AY Meet 2FAHY A
7t Z& A9 4PEE 183l =Y 7
T Aot

B-Spline 3249 #F4 Fele 53 2
=3

[S1=[M[PIIN

ek 3t deo] $7F Aohd (N3 (M)e A

W8 E (square matrix)olz 34 (Ple o

3 2o,
[Pl =[M[SI{m!
JyEge ANP) A1 FASEs} we 2

ZregE B (LU decomposition method)&
o] &3k} (14].
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3.2 713y Wy
(Pseudo inverse matrix method)

AtgolA d& AR MFEYG A A
F7F AL 75 JHqAE S AHSSl] 2P S
7 + At

e g3 dol 7t dadd (N)# (M)
AugEol oz =FH (Ple = 2o
(2].

(A =[N M7 M7 (M)}
(N]=[MTIM, [M]=[M[M"
(N17h: (M9 7HE8E
()7t (M9 7t

Aq71M FoiF BE HL A A AEH
I 2 47t Ixdof A, TRHoR
A Ade] glen, F=2l&(smooth, fair)
T 9 THEE B 4 ok meb] 23 A
FE 2ol 9] 4EE ol83 FEHez 2
A€ Avke €% (smooth, fair)d IHE A
< & 3tk

3.3. RIRHY =T AR

AFE offsetAETCZ AFL F@PdE=
A7} Jeomg MeeRE digitizerE |43}
o REHE FrIe

AAE F@sked or A9 FHL o
¥ euidt 258 7K1 3438 ¥slsle Fio)
7] wFel 2kl FF ARgo] 7Hgsith o]
e AFEEA ol 718 e gE
Aol 2 A5 47} BoR BSTE 1 2
Aojut 2ol FRTI} 7] W Al=g W
olm Bag Ayd Aol gle 1T YA
Fo2 fA FEE ¥ de FFo] Utk

[S] = [MI[S"IIM
[S] : =3dez 713 A8

Al

o

dg, dt
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L weE, uYe
4. M| DL (Sensitivity) HE

AAZRY UAEE Y23 o] 37K Y
o8 Fozl AsA AEI Fdo] dwh
2 Fyslerlel A2 FESIU

e, AsAM Fzle AR AFet =
B39 A7t 22 Aol J3E RS ANt
o 2332 Tl AFE TN Wi
& AEsigth

Table 1 Sensitivity of hull surface
when the number of control
points are the same as that
of data points

A4+ | 3| 4656 7] 8
A= | x| a0 | ©® 0|0

XUE, ARE OFE, OeES

(2

SAE AR Folxe Azyel Adug
GOZAR 47t BE A9l FHRL Ahe
o] 2HWE Tl 2 JleE Yo
24 UPEE AEs

Table 2 Sensitivity of hull surface when
the number of control points
are smaller than that of data
points

234 (u,v)|17,2517.24|16,23(|16,22{15,20(15,19
LiEd =S O O A A X X

AR AN TR AadE 23-ole
1 7Fgsln J1ERE g e UAsE 3
EslRc(Fig. 6% Fig.7).

Table 3 Sensitivity of hull surface with
varying total weights

7¥5%] |1.005] 1.01 {1.015] 1.02 {1.025| 1.03
el @ O | O O| O} &
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Table 4 Sensitivity of hull surface with
varying local weights

7H&x:11.001{1.002| 1.003|1.004|1.005| 1.006
el @ | © | @ | © | O | O

2 223 bi-cubic ZH(Bezier,Coon’patch,
B-spline) & o= Rl 23 vl&( CHel
7Fssln] FE9| A4S Y. &g FHIAY
o] Bag ZAfdle IHo| FoiF H(Offset)E
AgA et ZEo] FA3] WMIshe Fio] U4
g 9t} o) AS FYHo2E FEY EF
Aol AT, 71818HAQ RN & wWe F=
2] -(Smooth, fair)ZHolgts €  §& Aol
th $3 E(fairness) & AE7] A8 £ =&
Ay GaussianFES AHE3IATE Gaussian
g Z2F(Principal Curvature)e] Hoigh
(Xmax) T B2F(x ) FoB2  Uehit
(5)(15)(16).

K:”min'xmax &17])‘-] A=[QuXQu]'Quu

- AC—B' - :

=55 B=[Q,xQ.]" Qu
C=[QuXQ,,-] : Qw

Table 5 Gaussian curvatures of surfaces

X min * X max K 2%

& B3 >0 Bl¢ (bump or hollw)
g #3% <0 %2 A (saddle point)
3y, § =0 Y% (ridge. plane)

6. MA=ZH| st 88
B =% A" x4  [LBP(Length
Between Perpendiculars)”} 128m?l ol&3st

2 ukslEM (Twin-deck General Cargo Ship)
o]t 19].

REBERBERRE 8 37 & 8 2 I 20006F 58

6.1. NURBS MA=H 44

6.1.1 XI2d e =3HE M7 E2
A (HE HiY)

MNagd EHLU Decomposition
method) & AHgald ZAHE Pl 248 W
3AA e A I8 28 2o 2571 3
QA ZAgolie el Zdo] vehtx] aigict.

6.1.2 XAEX™ MeREct A JF7E HE2
ae
g e 285 e Foie 243
o 5E WA e Ao T IUR 2
.

CAEA

D ZRHE 7] 9& NURBS 34
AuAd} g0 18%27% A
Fig.4 Body plan{degree 6)

6.1.3 XM RHHEOR J1Hs B

AgdE v 23S 2o 7Hgsta A
A (weight) & WA de Aze ohg 183
Fige )

Fig. 7olMe} 2o] FRAHQL 7H5XE WA
BB MAZAY M vl T8lE bilgeF R
olt}y. 1A W3l ol SojHW Mgt An)
HolME 1.05 ~ 1.4352 7K ¥sle] %ol
A3 bilgeFHE- 1.01 ~ 1.15 Fxolt},
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Fig.5 Body plan(data points :
control points : 17X27)

Fig.6 Body plan
(before the change of weights)

s - = B TR A D T N
Fig.7 Body plan
(after the change of weights)
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6.1.4 Az} U 3t

A8A7 238749 MF7t 2o 27t 69
7} Fig.4ol Bz} 27} 68} A48 7
E F¥o| AgdEY yrog X¢XE o)
a7l pR & A oz A$XEe
&g B I

Az e 2FA N7t AL AS
e MY NFE EYFE JFUYAo] ¢F
olx|n, 3 d|Z Fig.5 oM B & 3d) o] &
e PPl Fo| gol P9 e wHo=
3wk A 2}

A8HE PP T e ¥H
Mzt 83 Br7] dio] 23He] AE3es
A "ot PSS 2X] F37) wWEe] o
A% AY gl Avtdoz wEg vyl Rege
T Fig.6 oM & & it} aglzm $22d =
AE 7RIS 2T 8PS o T A
Whe A& Fig.7 oA 2 4 9t

o] Al Wiy Foll YHEE 22| g vl W
Hol 7bg wEAelE JUE AAsHeH, &
o FERE IS A7) deide AmAe] s
Z fesitt

o ¥° o od

H

6.2 MAIZTHO 7}A|5}

NURBS Ideoz AE ANzws
OpenGLZ AHg3le] theg} Zo] 3xdez 7}
Alg}stict,

6.2.1 Xigd 7+ ZFHE v 22
AP (HYEH)

Fig.8 Visualization of ship hull form(1)

6.2.2 Agy JMLED REEHL HFTL
A2 42O dEl)
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Fig.9 Visualization of ship hull form(2)

623 ARHe =x=IyHoz Jids AL
(REHQ 7IER M)

Fig.10 Visualization of ship hull form(3)

6.3 MA=ZHY Gaussian & @
NURBS AAZHe AXAHJ] FEe
7] fajid A HAANE T ZGos
FAEZ S A4E Azel ze 2zt
o g0zl ol AMAAFAM P =

Eo] AL AB=E st

=

JH He

4 wo wlo

~-0.000400
-0.000100 ~-0.000400
-0.000070 ~-0.000100
-0.000010 ~-0.000040
-0.000008 ~-0.000010
-0.000006 ~ 0.000006

0.000006 ~ 0.000008
0.000008 ~ 0.000010
0.000010 ~ 0.000040
0.000040 ~ 0.000070
0.000070 ~ 0.000100
0.000100 ~ 0.000400
0.000400 ~

Fig.11 Gaussian curvature of ship hull
form(degree 3X3)
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Fig.12 Gaussian curvature of ship hull
form(degree 4x4)

%) Fig.13 Curvature at stern
%) Fig.14 Curvature at bow

Fig.113} Fig.129] Gaussian SE¥¥9 Y
TE B3} A7) 39 ALY AAFERTE A
7F 491 B9 AAZEET) ¢ R=dHde

Bulbous BowZF U&e AL

52
SO

-3

7.1 NURBS #AZH 44
Asd e MR /Mg € Bde o
3% Zt

Fig.15 Body plan{with bulbous bow)
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7.2 HAIZHL| JHA|3}

NURBS Z9He2 4% Bulbous Bow’} §)
+ AAZHE OpenGLE AMESH &3 o]
3apglez JHsisiATh (B AdA A"

Bulbous Bow7} & A8 KTTC A¥<)

Fig.16 Visualization of ship hull
form(with bulbous bow)

Fig.17 Curvature of ship hull form
(degree 4x4)(with bulbous bow)

Z£)Fig.18 Curvature at stern
(with bulbous bow)

#)Fig.19 Curvature at bow
(with bulbous bow)

8. 4 B
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o2 7h gt

233 NFE EolA &2 JPEHE o8P

uey, 9w

e

, Wed, 4e8

Ave FHHeR FFE A e YA FolH
Ztgd] oF ARHS F AW &t A
T AFE 2ATeEN AaHE M A
7H & 4 Uk Wi FRAQ] AFE 9]
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o2 7F% Afolxe AREE o & At
PE22]E FHUE dollln FEAHQA 7|
ZAgo 2N NURBS IFHE o33 F3dd
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