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Development of System For Forming Arbitrary Plates of Ship Full to Automate Line Heating Process

by Daisuke Haruki

Abstract

Steel plates of the ship hull are mainly made by Line Heating. Curved plates of ships are divided into about three types of shapes
that are called Bowl Shape, Saddle Shape and Twist Shape. These curved shapes are undevelopable surfaces, therefore bending and
contracting are necessary for forming flat plates into undevelopable surfaces. The relation between the amount of contraction and
flexure, and the amount of heating and angular distortion is non-linear, so it is difficult to automate the Line Heating process. There
are a lot of study for automation of Line Heating, but in this way that heating line is located in the area that has a large curvature,
orbiting paths tend to be complicated. Therefore, it is difficult to control the heating line. In this study, by replacing plastic strain
with elastic strain based on the theorem of inherent strain, the author solves for distributions of inherent strain that is needed for
bending flat plate, and in order to control heating lines in a linear manner, also solves for new distributions of inherent strain that is
not contained shear strain, and chooses heat conditions from inherent deformation database of Line Heating, and by using FEM
thermal elastic-plastic analysis, forms three type of shapes under simulated conditions.
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. (1) Bowl shape

(2) Saddle shape (3) Twist shape
Fig.1 Analytical model for FEM elastic analysis.
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Fig.2 Principal strain computed by FEM.
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Fig.3 Principal curvature computed by FEM.
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Fig.5 Division of area for correcting heating condition.
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Elements 25%25x4=2500
Nodes 3380

Fig.6 FEM model for thermal elastic-plastic analysis

Table 2 Target inherent deformation for
modified heating condition

(1) Bowl shape
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(3) Twist shape
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3rd heating] 2580.08 2735.64 -5.47 -26.57
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Fig.7 Distribution of coordinate in z-direction
after heating in Bowl shape
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Fig.8 Distribution of displacement in z-direction
after heating in Saddle shape
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Fig.9 Distribution of displacement in z-direction
after heating in Twist shape
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Fig .10 Comparison of shape after heating
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