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Abstract

In general, the forming process of the curved hull plates consists of sub tasks, such as
roll bending, line heating, and triangle heating. In order to complement the automated
curved hull forming system, it is necessary to develop an algorithm to classify the curved
hull plates of a ship into standard shapes with respect to the technigues of forming task,
such as the roll bending, the line heating, and the triangle heating. In this paper, the curved
hull plates are classified by four standard shapes and the combination of them, or saddle,
convey, flat, cylindrical shape, and the combination of them, that are related to the forming
tasks necessary to form the shapes. In preprocessing, the Gaussian curvature and the
mean curvature at the mid—point of a mesh of modeling surface by Coon’s patch are
calculated. Then the nearest neighbor method to classify the input plate type is applied.
Tests to verify the developed algorithm with sample plates of a real ship data have been
performed.

% Keywords: Curved hull plates forming(22Jt&), Curved hull plates classification(2% £]&),

Pattern recognition(I & 214!), Nearest neighborhood method(Z2& 0l &)

1. A&

A e dHel dEg USE=E st
HH2:2000EH4 6, =012:2000EH 1129 Jlotete dAM2 Jikle BSZ2 2F4E 0 &
+WAIH X snucurl@snu.ac.kr, 02-880-9339 g AMole 2E€E Hd HHseS 3013



- =

KIo =W =
8l R =T L|
Ar o oT K =
A Txa =
> T Eﬁ._JaoﬂMmMﬁ_ﬁ&ao_e@uA_Err
o X i o O 3 g B o R YEEODD
i ~ = R __ooI,__A_ﬁELHm m:o____qulmnkﬂglam B c W L.
. IR T Wk < F o o_=_|._.xur._m_|r_J |M||r.Uo.}u1| i & 0| K
Y] 10 = " _u._J.WI_...oEE_E._ﬁMLO_lo 2|T.N+_=o_=_|, S — Borﬁx_.nm_.._ov_
Ar 010 ol _ 5 X Rl <0 {r D0 z <0 ol o ,|__09A.&ﬁ_.rm RrORM X HO A 31
&M_E_E i m_w_ o0 ﬁﬁm:g 22w i e__m z W 15 5o w e Ha2n W o mm 3
i) =T =x |Hm;_;¢ o W T 11 50 A M4OM+ﬁ| z
3 = mao@ogoﬁmmxfm%zfigwmm“ﬁagAa;u.mmﬁgwsg;& W @ ok
= - e o= _= __ 1 pri 3 L i _ =~ <
@ QE___Hmm_H_:mmEEm__gEgx__d acﬂEEJ,__;%OMA___Hoor_:ﬁo_# N
i A gofmumgﬂmwﬁoammgggw1.g_ﬂd%uwﬂ QMAT%_aME%g M
0 =2 = S B R o g oE G WR x =40 & LR — i
S s So___%o_x?wmﬁmﬂ_mWALw_ﬂ__:ﬁlmAmL%ugg_u%a I
M ____%mma___ &Aﬂﬁc_mm&mﬂ@om_]dowmw_fﬁﬂmu.oLm:__NWETHEEOESAQEEXL_‘EEF
S zo_mﬂﬂrﬂ 0F u_._mﬁoe&mwaﬂt%_o_n_mo%anmﬂMoMimiﬂEwnEAg
Mo Wz L@MOEMEQ_EEMQO%WEQOE,a@ﬁ:ﬂ@...l o3 ao__oAonwmAum%
~ Nus ooy goofmx%ﬂm__oﬂmﬂmg __HODEH__S%_:__OM%% Qm_ﬂaﬂﬁoﬁix
TR g fo_aowo_e@\o__roj%w 1oma:TSthmoeﬂajmﬁofm@@moug
zﬁ_...@x_z a_xﬁmﬁﬁ_er@momoAﬂﬂ_XmMao_ Moo.mlmuamﬁl zﬁ_&o____llxﬁj.,u...ur
R} E%mw,%%amaai rmln&am_:_m_umdlmmaﬁlm_: Ar DNPOI&D
:iﬂzu.og&uggmt;JMIEEHE,gunamfw@ _fg%ﬁﬁ&%ﬁgwx__ﬁm_g%
= M0 oI o3 W %ol w oz emwl_w.+§4srmol,owuﬂ = I = oo 3 O & oo ok ©
° xkﬂﬁmm__ﬂ.m.mdgogauxﬁﬂxu_w_mwzog_dm_wmg%ﬂz 2o %
EENSamint S SO & ko O gl 6D
w0 20 W M < Eg,mﬁ.o.,r zﬁﬂ@Ao@._AT| o_E}MoE%WAE
™ A3 wopy AT AC S ® s RO W A
%m__oi:_ém_l ____;Iam_mo_a.az_u}m%%ﬂ@ma_aﬂm_:
J = S 0l o — = ~ — o
m._mgL E_Ask:lc S5 WD DX:ImwSEﬂoroxeﬁ
E%Ezﬁ_:@w% Nﬂﬂ%mwﬂ:&%, X IR
ol Kl o° Hv = I = ™ KO & _
WMEm_w_._LUnMoxﬁj 4Eﬂozom_.oa%mmEAl_m BFo___m_r___an%mamul N
EH_AE%EEW% i ﬂ@mommc_aAL _J._%D,M_OI,NNJDMWDEEQOHL
Mg R w2 w0 AR S N A o R M S U KD 3
Nwwxﬂ_%o_::a mogr_mrjﬁmz&%m Ha___oﬁramwhuimM%%_J._,MmEL@E%%a:AE
a0 ol EN] Kl _Rrw S <R IR = 03 = 0l T Ews o B o o
SRR T L= SRR 28 R M5 RS b= RO
e = Ol = ||__o_n2| = I_:A_.WMEO_.I o U £ R KD
L = Rr O IIOOA 3 o_EDSoM = oo E_:L._u.k.xﬁro____oal
ﬂ.EI.A._LTlA_lu_Z_. L|E_ MuI}l mRoKaLILI \__._.__._OM OL._:C.,TA&E”_MHN_H,._WCI .Ao_A_ n
— o - — . ey . ol = L _ D.__\_
EAOEO__Q.%EO:I oo O,tIJOA_.e._c_ImE._OuE B+ = L.o__:@||_;._
S s 0 E 26@;?:.0 FOJLlIoH\__._._. TIM@.EOE_A_”_ o o3 3
meaxmzmmmﬁuJ:oMﬂméwg&:m%mgexzpﬂwmnjH&N%Aoﬁtammoo___
_”__v_&mwﬂnn_._._k.m_/oﬁl._%lf 40__O1n L|OL|o_=_am .J,mm:uM__._mo\_C_L_.u___OoeA_vE
1 2 ox_z_d__o_d__.,l am__oglak <0 W ol = = = m i
o_n_uo\__\_j_.u.cmﬂ m Mo|FrL||_J.MJa_._=@on_nﬂ_|u__u._ﬁu_ m_o__.AEm__O@.._.A._A_._\__OOMOEEMEaEW_u:
S J Ipoo_,o& Z oo aapzﬁoamgq_rk__f g o m s
gr,__wo_alo____&ﬁmw% _wXTI%SOEET ol %m_ﬁ&_oM?ﬂ__g%ng T
uEoM%mdm:wgmgHo_M_%ggDumﬂaamﬁgm,%nmo@__u.r M%X+0Axme___ao_a_
ot ayaim;gmg;&:MngﬁmwM%;gm mﬁﬁaqa%%a%g%m
© o Ho &S o_aﬁlaﬂlgﬁo%ammoﬁ ﬂatagcrlm; ko U LR
~ TS foow < = o= ol s - Xl io K o +®30M4| 0
© &Hm...__ﬁ_ﬂm_JMoﬂcuﬂmmwﬁm_\_._ﬂ.mﬁNMN___gm,%m_a_:lo_.:zgﬁ_ﬁﬂtmﬁu_ﬂ_ﬂmmﬁﬂ__;d
ﬁ_uoa_aom_w_g&x;n:_:__m: oW s -2 X_G?aM%mEHIEﬁmEM% iz o
<+ o o_eezoIH\Am_H_H,l = [ = 0O ¥ __MA__%amEﬂa
Ao I a0 L (R g A 9 <l goorr TR
__A_DmP»uOr_a_l I noAr g I K I I
_J__o:_n}n% IEE._W_O_W_LI}|a._m|}|||r_£o_=_mm\_m
R R Nswor P D
<0 S Ko o) QT V| U= o
__o__oEmﬁgolL@EﬂWJ
RRA AR

2009 12 2

=)

M 46 2 6



677

S, ASA

Ar
S
0k

r

110
00
Rr

on
i

.

ol

Mol 2B 27

SO0

FE Coon’s Patch

=
=)

2oto)
==

= 3N

|

ol
A

U

SOi=E &3 GIoIH

It

O
B0
0ir
=
110
ol
R

o

RD

M0
=
A
K

m
0l

Kr
H0
=
Hr
JJ
ol
@_r___

Al
Mr

el

oll

Uk
il d

-

i3
Ar
JuJ
o3

3

ol
Mo
=
i
H
R0
o)
El

11X =8

tS 2Ee2 L=

o
2

00

T

<l
T
A

o
)]
50
w
1]
RN
ol
ol
Rr

Ar
=

0l
A

.

0
0

180

[}

ul
]

110

00

A

Hl
7l
)
i

D
Ar

il

_J
Ar

JHA

i
Ar

ol
00
10

100

—_

00

FEA AN

My

iy

o
Ar
K

HGIA

t dof EefE Uiy

2 EXE 0185

=
.

ZH2AL Jls

I

s 2d
1 02 201 FFBD(Functional Flow Block

e
Fig.

s

=
=

Diagram)(Blanchard and Fabrycky 2006)

pill]
10
|
0
Ho

ol
El)

fH(convex)2

s

2ol =25

Ch.

ULk

)

ol
RO

un

oJ
U
)
010

< 4 ie % J T S
S~ WA Do = 31
Jn=Tpm2 5
530____1 E R ~
I RN T
_J_Mw ROW IR g =
lapmIn g -
= Y 1o S 5 ._N.Llo ~ U
o 3 X uwHR L g
._._.O O._._ w — j._ =
noo Wi Al ™
o a8 Roop A A0
oM swg=
NgRLoa W ~
o A o S Kz B A
ANz e M S
A AN = do w0 Ol 5 AU
= 7z W © 8D EIRS
NS el
N H &l o
W= o R R G
.......... =
0|@ ] m
) || B3 |
i e
- b EoF £5 |
st E R
TR < - e
= - A 1
el [ @ _
R =
el i) ] 5!
~HH
230 [ s
a@ i
" 5 i 1
(= = - | ST 1
i= = s ' !
&t | "
e|| & “ “
2|l 2 IE g8 |
.MD i “w_ Wa .m.mkunr "
R |ISH s pEss |
IIIIIIIIII a Ih

Fig. 1 Functional Flow Block Diagram of Line

Heating Process with Classification of Plates

JJ
[

A

o1

il

iy

0]
RO
Mo

o

=
10

ok
Jl

ol
EN]

Jjo

=Tol =¢ OIS =0 Jt

=l
—

ot
I

fall

Journal of SNAK, Vol. 46, No. 6, December 2009



LI V=) Y 2 I AW FAANSTHAM@RESWNS Z @D
ORI m = B O = Bl AT A BEOT o o WATE g B
L Daw® i i B2 30 L e T A 0 A
ol ._l_._ :.I /\ M < ™ . _.__=_ __o._ __o|_ :._ﬁ = — MH_ __o._ M_uv._ (m] _._m.o .A._ N =
o WE RO / " WER QW 05y ™y oo oR =
o) © @ Bl 2N g T Hm SWEREMD S X =W o2
W g fr 7 g ks “pE S A op ® O H TG Ry 0D
&l zﬁ@_r_u_ﬂP \.u m a ch |I._|W_.m|._.r_uﬁ._u_:_.& ol nam_ler_._ SL,L%_“.DJ@O
Ar |=m===_§_x N =g | 3 m._ol_Ommo,,%aeﬂzﬁacm mMm._a_mc,AoEL.ﬂ.x_._.
W e 5§ = T s E QW s e R Aoy g P T 6
R L T | 5 3 sl an s " s<YE o0l o psddn
N Nolx© = Ao oW wm S m R R g kR
w0 = = R B S as K ST 0 ol
W R s g B T b e Ed En sy gy S
oA S i 5 me MR R S s
= B Sompug A m o ool S o SR R s TR
I U B & o S m g gm0 g Mo oA g A

e g am g “ 5 TS NIRRT aRME R W oA g
U~ S I e 2e BEsjpwoar™ a0 g5

~ Ok 5] O @ ¢ 1 § 2 9 O xshtTmgaddgo | Reo 6 0—=n
Ar ol = £ - & - IR M 2 = o S Do
Roar o 52 B S o8 0 H R o U0 AR g o o
N x ™ 3 10 ~ o] ~ 0 B om ~ Aar— = 110 W & o
=1 =) m g = dor & oMW B A . o) ®0 Ko w0 M35 [
Nk — A W o) T 5 ARA TBEMHN KWEESsWSW 0~
<l uw ol mn ol M\ g ™ 8 0 @ 0 0 o UV oy IWOHU O o7 M
TD AW, 0 _w 5 o W5 R Wwpdw sl
E@&uﬂﬁww_ 2 WS o w____ﬁmﬂ_e__ T
<0 3l oy = > . R al RI R S . > —
Mo < o W R S JLRK 3 sy 5 W5 X2
= . B0 a0 < . 3 o I U H = ok = o S H ~ X0
RO 20 ™ oo _ = oI W2, =R o ur

ir 3 2 o . U S np X ol
T o, o : 3 WRSAH~SM e o R X oyross FHU i T %o ot
o il <o o | © -, M Ol QU o3 W K o mu._
ST B == 3 SR D0 Qg g L I = o0 <0
w5 Vg 2 | o s W g oMo ms<Tmo gy ®
3 . Mg TR 5. £ wogy WK Bl s 002 = z
v BTG g | g wx U Tw Ar o mrolm W ol T MME
2R Rmog Mo ¥ salll: |8 Wwom.:v__ma oo mXga gy gEmus BEF
S bym 8 gL 1o Huihog B g bz Yoo O
JJ . T Tr . LI 3 .| S I I < — = B8 3 = Hn _
T = = Ol mw : ROToro .~ - OF WUk~ . T = U
=g 2P| |J € = A J 9 ol H 5 = 2 } )
= = 0l - i = = ®o a1 = = . I N R 3 R
S B3 - D J|J - T © A ol =) &3 = EET W g0 7 >~ D0 1l
I A S L WSwan @ oW CETXE @G
@._ol,AoLo:mEA_ _m 5 m_,m._u:o__bm__u_xﬁm Hﬂﬂ.ﬂ_ﬂﬂﬂe_yi,eﬁaam
o WRBI GRSy 3 T OomRrR M= o IUssmg=aSsoPrn
) 1 T O = I e —— 20 W0 16 AN DR STShWY D

20094 12 &

=)

K462 M6



679

Al

=
=}

ST,

Sy WAy S © o) Ar My °
T om @~ g c oo M o ® S
3l 3 _, = 0l /7 S [ R @ o Z
S IR __ = moo s 3 S
W B N 8 oW A 3 » - o
) 0 > < = B ] ° 0O +
o Rr 0| 7 0 O™ o @ 5 o 3 ®
=2 Y \ 3 0 5 2 sl 3| 2 3
W m Lol , o 0 ® ° 3 |8l=| T 5 °
) ™ 3] \ = DT S » || O » O %)
<~ o A 10 -, o _, K s =
A K - ok —
o o) <0l m Uk _n_u_ - (%) 1 o_E m =
mul_/Ou_.A 10 H %. e g._‘u [0} o «©
o Al L o0 ol _ A @ Kx B 215 3
S — X @ D N\ ? s ® 38 S S
© 5 0 ) a4 o o + + 3+ 3
=g wpy A 83 | N\ T Wy Y %) 73 ol o o|l o o =
s s e AR 58 R 5 © |25l £l flsh
3 S RO &~ (A ko] IS = ok Q S5t 2|l 51T +
Do T e =g N\ ca < 5 T2 o |Elc|lc 3|c &<
Ta L Wm D g Y = 5 ¥ su | £|5/8lgfg3le22
2 ol . A R0 ,mh »&w = 35 e 3 S |S|la|lao T|o 2la £ £
© R <0 O] < _ \ Ay / 2 Mo Uk 2D - ElL|=|= ol= 5l= B ®
— 3w O_ = \ \\\u %, \4 L [T 53 — O o Ol ol © £l O | © © ©
8w 53 W W w P \/ © 3 ~ ) o S L |Z|c|c S| /|l T T
o RTRNT g 52 MEMmw 3 &
T o< S i C o e r 29

0 R NS %@ozmﬂ;ﬁme_é_g% WE2WE T

T oo a5 KA S 0o R — 9 n 5w <
Py By Mz pmgrasa=zd 0rsS g _wa o
AR _mz___#gﬁm:io_eJn_EE_A _%_ = E
oL . T m w s I s A S :
N <0 Al <0 <0 Bl X ko) ED
2 o 2o M <L = oop Ol X0 il WS W = = © 8 > L
oA_wﬁm_eww O_Eﬁow__ﬁ@g&aoa:l:ur_?w s Sor i 2o A
G TET ARG MEEEas wTgsw 5t 5 )
o faroor o O T R = =S e NS = O AN g :
QHMOWOJ _____Momi_@____l___m&uﬁ_m%m_a_amomm___EmHL z
250y s8R ITgagiglltsuncs_S3Y
Bwamw smRY ey RECESRW ST g
weopW_on B TIglagd omosil g xsmp 0 a
K93 00m®gp - - 2%c5lezyg 25 §° _ &
a2 aoroi_rag%m_)e_:_.%molmm}%wo__ _ w | @
LgEBS M oS N g o SO S W o T
=] 80 = O _- S S 535 oF o MU o & 8
wo o, "w SWsgawdl "H2AIIWUST & EF
WAB Y T ARHIID WA DS E 53 Gy =P g

- 7| — . 7]

< =< ya_ljw\_:m.moaoAaﬂTﬂﬁoH%m_%H.@awo_k'y_._mo
S NouoroudBXT O of W W &l s RRDS® 98 © 2R
ul B R R DD ORT B %0 W A & Ol Ol Ar &) 1M < D A 2A & m o

e |
=

O &A&HCylindrical)2l

=2
=

Al
=

pS E|
& (No Forming),

OoF

Fig. 4 Eight fundamental surface types from
surface curvature sign (Besl and Jain 1988)
Journal of SNAK, Vol. 46, No. 6, December 2009



Ko
)

A
oll

Mk
Il

=Y
Ar

o)

680

KF
o
uir

B
9]

Ot

’

JtE2 = (Roll Bending)gt ot

Ar
[

ol
EN]

Kk

Ol 2t

=
=)

AF Db (Line Heating)

A

=
=)

KK
i

a0
T}
ol
il

==

1=

Db (Triangular

AFDF
o=

g =

b

X
&

M0
=
Ar

= 3
o [F ) o
a] & 3.8 £
g 6= n g T e

L& B A=) mm
m.vmw.v@m.vmm
A o3l |z u A
g 8

Uk Rr <

O Jow S

S~ S <o

Z0 Ar ﬂm_a_

B = o=

W . W& fr

EEM%_ m_wo__

<0 =) KID Q\_o_’ﬂ

w0 Mo ] =]

N [ I g

RO [r o < K ol

Vs o T

o_am_m mk e _ o

ag®n ¥ sho

Y <+ = Al B

~ A g A m o

g g U 7 ©

S W g . R 33

S < ____ﬁw__d

T H al 20 00

Fig. 6 Procedure of standard pattern creation

~

2reolet

31 Algole B2 el

<
olo

5 g2 da 23 SAHAM 0IF0K

il

Al
A

= W0 et

1T
i

Hlwaokd| <

0l
nJ
=

4

H

0l M2 G2 &Lk

£

100
0

t

xl,

Z 020 AT

=)

o
ur

180

Ot JHel e

=
=

t

Tdatl A

805

olel

-

20
180

ol 2 4 U o

1TI>=
H==

ol A

oll

Ol
<0
130
r

ol

dxel &g

b EXel HPES Soto

S
el

o
ol
Kr

+

t=

1o

=IbCEIE
0124

q

Rl
Rr

J|

OlEIS=

Kk
I

Olctd StCh.

5%
&
3
o

W
K+

o
Uy
uir
JJ
03
<+
ol
Bl

<r
e___

180

ol

A
i

o
X0
ur

i

()

LFOI T

|-

t

e)
il
vy
B
110
K
KE

o
ur

o)
=}

H

d

t

i

Bl

uir

<)

0
a3
ol
T

il
B

K

HE2 XES

PN
(=]

uir

up
ol

110
i
KF

2E0IA

0122 242 3 Xt

Xk
ay

o
0

1993).

olgstol 1

K-

ol

IHEOl

nE2 Fig. 6

=
He

JiHI2elE 0IF 0

=
[

cC

ES

H

3
i

OI= 01 MOk ST

AH A

oo

e

HEd

il

Kk
4

Ol LIEFH d2F 2

o3

CIOIE Mel 1t

|5

ol
=

H[PNEE]
g2 HIDI &L

Sakeldty

ol
Ar

==
o

oF
u

OlXI2

tod &Xel

¢}

& CIoIElol CH

ol
=

S 20094 123

K462 M6



681

Al

=

St (uv)-0HH B2 OIRUX

k

(u}
[usl]

F

(u,v)-2 &0l M2l Jacobian 0l 0 0] OtLl2te =2

ST,

o

un

uir

H

H A

s
Metd = A70A

HOISO0ll CH

& &

k=l

(Besl and Jain 1986).

9]

o2l ==,

—

[

L+EHLH

= e

[a—

1 2A IHXI(Coon’s Patch)(Coons 1967)5 Al=Z

-

180

A
(=}

aeld

o2 M, Nie
ool =, Ne= 2

LIEIHUH=
L+EHLH
4l G2l JH=E 20|

X

]

d

[l

A

2
=]

=]
=

=
[

=2
=

U

ol

tCH.

[t}

S

=

=8

k

[¢]
e}

SLEUMAL JHRAl

(mesh) 2

Table 3 1+ 2tC}h.

ot O3

3 uHE Fel

Kk

il
]

Table 3 Standard characteristics vector

il
K

K0
ur

o
0
0

KH
=i

Characteristics

Vector

Plate Type

Ol 2t DX

ol

!

2
=

!

2
=

Kk
a8

ol

A

H
H0

(1,0,0,0)
(0,1,0,0)
(0,0,1,0)
(0,0,0,1)

Saddle
Convex
Cylindrical
Flat

tOd Table 2 Off LIE
Mean
Curv. (H)

Gaussian
Curv. (K)
K<0

K>0

K

K

Plate
Type
Saddle

Table 2 Dimensions of the calculation domain

LHRACH.

o
ur
K

H+0

0
0

Cyindrical

Convex
Flat

U

700

B
<

0
Rr
ol

1
T
1o
i

ill

ol Al

0

O

HI&HSH

=

=

o HE S&E #EHAS AHel

=gl AHl Oi#l2l JFA

12|
=20

=]

(=]
-

ur

KK
(=]

0t

1
50

1
oF

0

ol
<0
160

oJ

&l
H

fuary

=
<

ol
A
]

i

180

KK
4

ol
0
180

al
ol

oI

o
g

00

Neighborhood Method)

(Nearest
(Dasarathy 1991)2 AlZaol0d

ol
KD

=
oll

B

X

JHRN =,

2o g

A AIZH0 Ot

A0l

HI&HEO

ol

o)
[0

ol
~

<J

K
0B

It

JHXI

=

=

| 8t
LKA 22

9]

S)
un

[ai)

£l

KO
uir

KH
I

)
R0
Gl
X
Ll
KF

uir

ol
g

3]

L

00l ot

0l

Journal of SNAK, Vol. 46, No. 6, December 2009



Ko
)

=
oll

Mk
Il

=Y
Ar

o)

682

ol
EN]
Ar

)
ir
ol
&)
110
000
Rr

un

Al

)

Olcd

Z L

A Xt

=
[

t

H0
=
Ar
Jl

il

ur

KK
4

|OlotHH, m 2

9
Ct.

Table 4 Relations between Z and forming tasks

Triang

Line
Heating

Roll
Bending

j

x=y,

min

1<i<m

Heating

®

(0, 0)

~
A
]
EY
A

-

00

=
1o

I
or

ol
KD

_uu_
ol

Uk
IH

.

i3
Ar

®

®
®®
=3
ic o o
S o K
S <H
Kb O <
= _- Ok
o X
005 3
=]
s 5 W
3 = K
_A_..__JuA_uﬁ
J 5 Jl
S S
X =29
S o <0
no gy w0
0821
D i oD
x_._.Ao|_
M0 J) R

30

180

wl

<r

FIhet
=+
X0l D

S
=

—-

i

S|

=l

ur

Kk
I

JU

B

KO
uir

ar

ol

180

nJ

<N

0
180

M

110
00
Rr
ol
Tl
10

w0
all

O

—_

KO
=]

2

I
Rl

o

1o

=

HEDL 220 o

KO
uir

A
ol

o)

b

20| ot

Ct. Jeilt, K-SdIoIES

OoF
Ls

22X

0

180

180

a]

[
[

t

tFod Xl Dol XEXIS

b1 2o

H&0o

s
0l 5%(0.05)0I

=
=

0l

RO
M0

ol
Kr

[0
|}|
Ar
o
ol
&l

—_

<0
180

.

00

=
1o

1

Lt
o

otll

to] 422 0 22 X

[u]
[l

=
=}

Zelotod

Fig. 7 Ol

gelse

9

b

<0

i

il

KO
uir

wr

ol

e}

00

o
IH
0

i

LIEFLH A CE.

THr
il

20
180

oJ

&)
1o
00
Rr

o

KD

®

Is]

Start

)

il

<

]

ol
Ko

-

i3]
[

<0
180

Y

)
QU

<0
180

180

180

o
il
3

Input

Coon's Patch

ol

d20l= Table 1

ALl
o=

180

Modeling

[0
~
A

Calculate Gaussian curvature and
Mean curvature

o =
[RES]

ot M2

ER

tO0F StLCH.

s}

b

C
o

ot

ol
a0
Kr

= mm.
8o~ | |3 1
S IEMIEE
R B G
=1 © _
nl ~ =
- oF
= 0
2) N
ioll
<r =
0o K
N I
il
J1J m/ 0
Z -
. 8 M
=)
5% N o0
e} R0
ol 3J
U 1
11—
" ;
y m i
z =
ol ™
K0 KO [}

No forming task

Flat & !Cylindrical

1
o

o

EEE
232
ES
Buuy
TEEY
EEEE
ERCER
P
= Ok @
K |0 3
S 0 R0
& o8
X0 _
_ R
ol o
LV E =
o0 Ko
Wy __nm
o R o
NI
o g Y
K
() a7 m
K] ©
=2 m
ng
m = _
A5 OF ©
o7 0 o
o W =

Fig. 7 Curved hull plates classification algorithm

LIEIHHE Table 4 2t

S 20094 123

K462 M6



683

Al

=
=}

ST,

I T
SRy arys
wmanggaﬂ%E \\
- I @ n\ %\\
I_:.WM_.#LQ - \\\§§ \
oo ] mﬁ ™ mM_ Bl W 0 \&%\\\\%\.\\ °
o \\N\\§ 2
N&omﬁa&t@mmg \%ﬂ\\\\\ g
=L MRS i
i N Y g st 3
N i g
Biwziinde m
me%%mmmm 2
o A H O H T ol 5
£
o)
c
(6}
o - o
briE o , E
IR I e 5
e L3 o :
Fol Q! e 5
U £ e ST 3 2 k]
TN Ji ks ;
= j \ OX$.
IEEEE R :
=T R
0 W 3D O =

Fig. 9 An example plate of roll bending and line heating

Journal of SNAK, Vol. 46, No. 6, December 2009



Ko
)

r
oll

Mk
Il

.

=Nl
Ar

o)
o]

n
Bl

]
<l

Al
[0
~
A

684

O:Convex

Fig. 10 An example plate of roll bending and triangle heating

-4 Cylindrical

Fig. 11 An example plate of roll bending

Fig. 12 An example plate of flat plate

S 20094 123

Xl 46 2 Hl 6



685

A e 2RE 1

[

[

2 FdE0 UCH 0

]
I

=]}
=
=

=

Al
=

Fig. 8 2l AlEl 2

=
[a—

0l o & ot
0l 30.94%, =5 & 20| 48.75%,

=
[

ofl
ol

i

o

T

Ar

ot

22

Hd22 5%0l 0122 L0

Al

180

M
H

X

il
0K

Rl
nJ
E
ou
=)

o =

ot &ALt

PN[Red

JHX

o gt=

Ch. Jdell, z 2t (1,1)

.

<0
J

=
ok

ol
Kr

<l

00

o
Ju
=

<
T
A

ol

A
| GIOIX

=
=

8o 2 Coon’s Patch

Coon’s Patch

0]
RO
[0
ol
Rr

U

9]

2

o]
ol

k

4

4

ol
o0

H
ol

Wk

Ar

180

.

Ar

i0)
U

ol

= U2

ol Al

St <

Ol doliZ

JEXIZD UCH

HE

KD

b AIAEIO 28t

=l

=
=)

At

prn
=)

= =t

A0l A

=
Jle It

t

o
—

=
[a—

t

¢}

x

Gl
[2E0I=HUA

T

2, =

| 2t IHNE=Z

9]

t= Fig.

8ol Z2uh MO A0l <
g0

ZJt (1,0)
o
of

d

0l £ =00F g3 & = UL

Ol

B!
oll

Uk
[

.

EN
Ar
i0J
oF
L
<r

ol

-

<0
180
Rr
or

Ko
ﬂ

ol
=Y

ol

1

180

M
il

ol
Kr

o

B =2

Xo A L ik ZZNAE FFBD E Al

I+

£
<l
20
=

-

[m}]

<)
OF
i

ol S0

X
S o

=
=

eioioF ot

A
e

o

=)
o+

=xelyty

[—

Fig. 11

—

[a—

ot

[¢]

SR SSRe X 220 AX

AAE & ek BHOAM HE O

&E20l 3.75%

4 I}

Ve
y ©

=20l 96.25%

h)

i

i
D

Bl

uir

ol

oL

0
[an)
B
el

3

o

)
0
0

)

nJ

<N

0

2l&2, M, Coon’s Patch &

ni

3

= O
TT =2

[

.

=l

Fig. 12

=
[

ol & ot

geol

&M SRS

ZOI=Z-O0l ALEEX

1o
)
KE

un

uir

180

El
ol
o
ol
gt

U
53

0
Ll

s}
K]

ol
Kr

M0
=
Ar

3

ur

oll

or

o
00

B!
10
B

<

0l
al

(=]
o el

o

[

e, AIg 22 S0A Fig. 9, Fig. 10

0
U

13

&
]

ol

0
Ho

It

M0

It

prm )
=

(et

Journal of SNAK, Vol. 46, No. 6, December 2009



686

2

T

i

JH

G

bl

e

iy

o
=
oo
&

Ao

o
-

(@]
0x 1o

z 2
ob
Y

— 40 @

2

=
I =
kJ
> 30
i [
1
g
0k
ob O

> v
ux
=
i[3]
=]
i
i

>
2
=
>

TR0
Jd e
00

S

or

o =
o

0

p 0@ HT
]

i
u
O

—

163

Iitq
~

I
il
[0
A
=
M0 gy
& 4 0z 2 2 10

2 1
ol

E_l

o

o ot
e 0ge

0 0 S 10 I Hu
|0
HU
b
Q
>
10
Hr
w
H oz
oo
0z
=2
H
S~

o |0
»

o
LT
|

o

o

a

it
i
FD
o

N

o

o

(0¢]

m

in
0z
s
g

0

=1}

(_)'ﬂ

S

W

== :IE

O MEALZ st=tstMEe XS 20
= EHFAIES 2Etez sJE o
CHNo. 2008-0054839). &8t 2 =29
CIOIH 28 3= 2008 HE HE(XIA
2)o MEez =22Y XAJ|gr OXE
K& AAE ) 2EE HA2YULICH
0457-20080026).

[0

= C o2

0z 0¥ Mx 1° >

=z
o)

& 1 &8

o

P.J. and Jain, R.C., 1986, “Invariant
Surface  Characteristics for 3D  Object
Recognition in Range Images,” Computer
Vision, Graphics, and Image Processing, Vol.
33, pp. 33-80.

* Besl, P.J. and Jain, R.C., 1988, “Segmentation

Through Variable-order Surface Fitting,” IEEE

Transaction Pattern Analysis and Machine

Intelligence, Vol. 10, Issue 2, pp. 167-192.

Blanchard B.S. and Fabrycky, W.J., 2006,

Systems Engineering and Analysis, Pearson

Prentice Hall, Upper Saddle River, New Jersey.

« Coons, S.A., 1967, “Surfaces for Computer—

Aided Design of Space Forms,” Technical

Report MAC-TR 44 MIT, Cambridge, MA, USA.

Dasarathy, B.V., 1991, Nearest Neighbor (NN)

Norms : NN Pattern Classification Techniques,

|EEE Computer Society Press, Los Alamitos,

Calif.

* Besl,

o

Ju

Jt

0K
[H

ZHA

& 2¢el

L]
AL
il

e

]
I

Ishiyama, M. and Tango, Y., 2000, “Advanced
Line—Heating Process for Hull-Steel
Assembly,” Journal of Ship Production, Vol. 16,
No. 2, pp. 121-132.

Jang, C.D., Ha, Y.S., Ko, D.E. and Moon, S.C.,
2002, Inherent  Strain
Regions to Estimate Plate Deformation by Line
Heating,” Journal of the Society of Naval
Architects of Korea, Vol. 39, No. 1, pp. 82-89.
Jang, C.D., Ko, D.E. and Ha, Y.S., 2008,
Plate Deformation due to
Triangle Heating Using Inherent Strain
Method,” Journal of the Society of Naval
Architects of Korea, Vol. 45, No. 6, pp. 703—
709.

Kang, J.G., Lee, J.H. and Shin, J.G., 2000,
“Numerical Analysis of Induction Heating for
the Application of Line Heating,” Journal of the
Society of Naval Architects of Korea, Vol. 37,
No. 3, pp. 110-121.

Kim, J., Park, J.S., Jo, Y.H., Shin, J.G., Kim,
W.D. and Ko, K.H., 2008, “A Study of 3D
Design Data Extraction for Thermal Forming
of Ship and Ocean
Technology, Vol. 12, no. 3, pp. 1-13.

Kim, S.Y., Moon, B.Y., Kim, D.E. and Shin,
S.C., 2004, “Automation of Hull Plates
Classification in Ship Design System using
Neural Network Method,” Mechanical Systems
and Signal Processing, Vol. 20, No. 2, pp.
493-504.

Lee, C. and Landgrebe, D.A., 1993, “Feature
Extraction Based on Decision Boundaries,”
IEEE Transaction on Pattern Analysis and
Machine Intelligence, Vol. 15, No. 4. pp. ?-7.
Lee, J.H. and Shin, J.G., 2002, “Relations
Input and Residual
Deformation in Line Heating Process using
Finite Element Analysis and Multi-Variate
Analysis,” Journal of the Society of Naval

“Determination  of

“Simulation of

Information,” Journal

between Parameters

tHetxdsts =28 M463 M6= 2009 123

it



SR, ASH 687

Architects of Korea, Vol. 39, No. 2, pp. 69-80. - Shin, J.G., Ryu, C.H. and Nam, J.H., 2004, “A

Lee, J.S., 2003, “Development of Numerical
Control System for Plate Forming Automation,”

Journal of Ocean Engineering and Technology,

Vol. 17, No. 1, pp. 72-79.

Ryu, C.H., 2002, Consistent Algorithm for
Unfolded Flat Shape of Curved Ship's Hull
Shells by Minimizing Strain Energy, Ph.D.
Dissertation, Seoul National University.

Shin, J.G., 1992, “A Two-Dimensional

Simulator for Plate Forming by Line Heating,”
Journal of the Society of Naval Architects of
Korea, Vol. 29, No. 1, pp. 191-200.
Shin, J.G., Ryu, C.H., Lee, J.H. and Kim, W.D.,
2003, “User—Friendly, Advanced Line Heating
Automation for Accurate Plate Forming,”
Journal of Ship Production, Vol. 19, No. 1, pp.
8-15.

Journal of SNAK, Vol. 46, No. 6, December 2009

Comprehensive Line—Heating Algorithm for
Automatic Formation of Curved Shell Plates,”
Journal of Ship Production, Vol. 29, No. 2, pp.
69-78.

* Yun, D.K, Shin, J.G. and Ryu, C.H., 1999, “A

Determination of Approximated Cylindrical
Surfaces of Doubly Curved Surfaces for the
Least Line Heating,” Journal of the Society of
Naval Architects of Korea, Vol. 36, No. 3, pp.
134-143.




