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ABSTRACT : This paper deals with the development of an interface program for automatic plate forming, which can exchange
information between the heating line information generation program and the automatic heating apparatus. In this paper, the
performance of the developed interface program has been verified from the view point of numerical position control. By applying the
interface program to the operation of the automatic heating apparatus, an experiment of line heating has been conducted for several steel
plate models. Based on the experimental results, a simplified relation to estimate angular distortion has been derived as a natural
characteristic of the present automatic heating apparatus. As a result of the present study, the prototype of the automatic plate forming
system has been constructed, and its application to the real surface models found in the ship will be presented in the near future.
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Table 1 Specification of portable IR thermometer

Item Specification

Accuracy +05% of rdg +1C/2°F
Thermocouple measuring range | up to 1760
Resolution 01C

Table 2 Specification of displacement measuring apparatus

Item Specification
Operating temperature -0 to +40C
Measure range 200mm
Clearance 160mm
Accuracy max. +0.5mm

Table 3 Moving range and maximum moving speed of the
present heating apparatus

axis moving range (mm) | max. speed (mm/sec)
X 2420 140
y 1,350 120
z 420 90

INTERFACE PROGRAM
- data transformation between heating line information generation program
& automatic heating apparatus

- numerical control data for automatic heating apparatus

heating line measured data
information transformation
results

position
control

measured

signal

HEATING LINE INFORMATION
GENERATION PROGRAM
- heating line information
- acquisition of measured data

- data base for plate forming

AUTOMATIC HEATING APPARATUS
- automatic heating
- displacement & temperature measuring

Fig. 1 Correlation between elements of the present automatic plate forming system
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Fig. 3 Power transmission part (x-axis)
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Fig. 5 Trapezoidal shape acceleration mode
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Fig. 7 Window for saving the measured result of model
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Table 4 Result of position control test for automatic heating apparatus
(1) x-axis direction

Moving distance . Speed (mm/min)

(mm) ttem 400 600 800 1,000 1,200

600 distance ratio 1.000 1.000 1.000 1.000 1.000

speed ratio 0.991 0.992 0.992 0992 0.991

800 distance ratio 1.000 1.000 1.000 1.000 1.000

speed ratio 0.991 0.992 0.992 0.992 0.992

1,000 distance ratio 1.000 1.000 1.000 1.000 1.000

speed ratio 0.991 0.992 0.992 0.992 0.991

1,200 distance ratio 1.000 1.000 1.000 1.000 1.000

speed ratio 0.991 0.992 0.992 0.992 0.991

1600 distance ratio 1.000 1.000 1.000 1.000 1.000

’ speed ratio 0991 0.992 0.992 0.992 0991

(2) y-axis direction
Moving distance (mm) ratio Speed (mm/ mir)

400 600 800 1,000 1,200

400 distance ratio 1.000 1.000 1.000 1.000 1.000

speed ratio 0.997 0.987 0.993 0.986 0.986

550 distance ratio 1.000 1.000 1.000 1.000 1.000

speed ratio 099 0.999 0.9%9 0.99 0.987

600 distance ratio 1.000 1.000 1.000 1.000 1.000

speed ratio 0.99 0.998 0.997 0.997 0.99

650 distance ratio 1.000 1.000 1.000 1.000 1.000

speed ratio 0.999 0.998 0.997 0.999 0.99

[note] ratio = (measured value) / (input value)
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Table 5 Experiment models
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item radius thickness heating
model of curvature speed
name (mm) (mm) (mm/min)
T9-1 3,175 9 800
T9-2 7,080 9 700
T9-3 8,274 9 600
T94 6,149 9 800
T9-5 6,232 9 700
T9-6 6,493 9 600
T12-1 10,812 12 700
Ti12-2 15,692 12 600
T12-3 19,752 12 500
T124 13,520 12 700
T12-5 7410 12 600
T12-6 5,216 12 500
T151 12,259 15 600
T15-2 15,015 15 550
T15-3 20,443 15 500
T154 4,567 15 700
T15-5 3418 15 550
T15-6 3,327 15 500
Ti18-1 10,865 18 300
T18-2 4,020 18 350
T18-3 3422 18 250
T184 5,291 18 550
T18-5 6,426 18 500
T18-6 6,988 18 450

Table 6 Condition of experiment

heat source PG

oXygen pressure 6 kgf] cm’
LPG pressure 1.58 kgf/ cm?
distance between torch tip and

plate surface ’ S0mm
cooling method water cooling

Y [mm]
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