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Abstract

The line heating method is a popular technique used to form ship hull in shipyards. In order
to promote shipbuilding productivity, some researchers have made progress in their studies on
automatic fabrication system for plate forming. These researches have, however, focused on
heat-induced plate deformation with particular mechanical modelings, and do not vet propose
the heating paths applicable to actual plate forming process.

In this paper, a new algorithm to determine heating lines is developed to simulate the line
heating process. The important feature of this algorithm is that it calculates principal
curvatures of deflection difference surface which represents difference between target surface
and surface in fabrication. Several trials to typical surface types show its usefulness and good
applicability to practical use.
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Automatic Process to Form
Ship Hull by Line Heating
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Heating Lines,
Mesh Generation,
Robotic
Line Heatar

Deformation

Prediotion due to
Line Heating
- FE Analysis

Fig. 1-1 Basic researches of Automatic
Hull forming process
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Table 2-1 Relations of various typical
surfaces with Gaussian and
mean curvatures

Planar Surface K=0 H-=0
Peak Surface K>0 H<O0
Ridge Surface K-0 H<O
Saddle Ridge Surface K<0 H<O0
Saddle Valley Surface K<0 H>0
Valley Surface K=0 H>0
Cupped Surface K>0 H>0
Minimal Surface K<0 H-=0

oj&fgt 7Lt FET H FER EFS
AL 71 X9 medotE ofs# Zoi(Table

2). B2 ao] planar surface? 7%+, H¥o]
22 7kE9d et gl FHelt} peak surface
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Table 2-2 Various typical surfaces and
assumptions of heating lines

Heating Lines]  Surface type  {Heating Lines

N
C

Saddle Valley
Surface

Planar Surface

2
c

Peak Surface Valley Surface

p
N

Ridge Surface Cupped Surface

i
g

bk S et |

Saddle Ridge
Surface

Minimal Surface

Solid line : face heating, Dotted line : back heating

Table 2-3 Basic assumption of heating
faces related to surface type

Only Face Both Face and Back Only Back
Saddle Ridge
Surface,
Cupped Surface, Peak Surface,
Saddle Valley .
Valley Surface Ridge Surface
Surface,

Minimal Surface
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(c¢) Convergence index for concave type
Fig.4-1 Test for concave type
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Fig.4-2 Test for saddle type Fig.4-3 Test for twisted type

Journal of SNAK, Vol. 35 No. 2, May 1998



dEg7iEdol ¢ 28 7189 7194 28 guelg

=

d E
o PFTYE Med abda Meistu

<]
Sl S EAE ABS Wof Alolg HE
.
& 1 g o

(1] Jang, CD, Seo, SI. and Ko, DE. , A Study
on the Simulation of Line Heating Process
Using a Simplified Thermal Elastoplastic
Analysis Method, PRADS 9%,
pp.2.1447-2.1458, 19%

(2] Shin, JG, lee, JH and Kim, WD, A
Numerical Simulation of a Line Heating
Process for Plate Forming, PRADS 9%,
pp.2.1421-2.1432, 19%

[3] Ueda, Y., Murakawa, H, Mohamed, RA.,
Okumoto, Y. and Kamichika, R., Development
of Computer-Aided Process Planning System
for Plate Bending by Line Heating(Report2),
Journal of Ship Production, Vol.10, No4,
pp.239-247, 194

[4] Nomoto, T., Ohmori, T., Sutoh, T., Enosawa,
M., Aoyama, K and Saitoh, M., Development
of Simulator for Plate Bending by Line
Heating, Joumal of the Society of Naval
Architects of Japan, Vol. 168, 1990.

RELEMERRAR L 5B 35 B 5 2 o8 19984 58

(5] olF4, 24d, 247, MA7tdse) 2% 7tg
9] FFE AFEs AlAED, HEzdEty] =
3, A 3149, Al 43, pp. 139 - 146, 194

[6] w3 A47HE Bl JA 2 7 AWy 4
Aok oY 58 Aegusta qrey =§,
1996

[7] Marshall, A.D. and Martin, RR,, COMPUTER
VISION, MODELS and INSPECTION, World
Scientific Publishing, 1992.

[8] Choi, BK, Surface Modeling for CAD/CAM,
Elsevier, 1991

[9] Hosaka, M., Modeling of Curves and Surfaces
in CAD/CAM, Springer-Verlag, 1992

[10] Jang, CD.,, Seo, SI and Ko, DE, A Study on
the Prediction of Deformations of Plates Due
to Line Heating Using a Simplified Thermal
Elasto-Plastic  Analysis, Journal of Ship
Production, Vol. 13, No. 1, pp 22-27, 1997

[11] Lipschutz, M. M, Theory and Problems of
Differential Geometry, McGraw-Hill
Publishing Company, 1969

[12] Ishiyama, M, Gu, S, Ogawa, J. and
Takakuwra, D., Numerical Processing for
Precision Plate Bending by Computer Aided
Line-heating System, Journal of the Society
of Naval Architects of Japan, Vol. 180, 1996



