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Simulation of Curved Surface Forming of Steel Plate by Induction
Heating
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Abstract Ship hull is a compound curved shape and most of shipyards have been using gas heating method for the
surface forming of steel plate. This traditional forming process have problems such as difficulties in heat input control
and poor working conditions due to loud noise and air contamination. Recently, researches on automatic hull forming
system have been conducted using high frequency induction heating method which have good control ability and
favorable working environment. In this study, the induction heating simulation system for curved surface forming of
steel plate was developed and induction heating experiments were performed. Based on the results of this study,
efficient induction heating coil design and optimal heating conditions for the automatic hull forming system can be
obtained.
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Table 1. Material property and input values for
electro-magnetic analysis

Item Value

4.5 [kHz]

Frequency

Relative permeability Fig. 2 (Temperature dependant)

Specific resistance Fig. 3 (Temperature dependant)
3.0¢7 [A/n]

Efficiency 0.75

Current density

3600

3000

2500

2000

1500

Relative perm eability

1000

0 200 400 600 800 1000 1200
Temperature [C]

Fig. 2. Relative permeability of steel
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1,00E-08
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4.00E-07

Specific resistance [@m]

2,00E-07

0.00E+00

0 200 400 600 g00 1000 1200
Temperature [C]

Fig. 3. Specific resistance of steel
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Fig. 4. Induced Joule’s heat distribution
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19.881

202.972 386.061 69.156
127 294.518

569.15 752.248
477,61 660.702

843.794

Fig. 8. Temperature distribution
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Fig. 10. Flow chart of induction heating simulation
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Table 2. Specimen size, property and heating condition

Item

Value

Specimen size

1,817mm x 800mm x 18mm

Steel Property
(Tensile Test Results)

Yield Point : 315 [N/mm’]
Tensile Strength : 452 [N/mmz]
Elongation Length : 27 [%)]

Frequency 2.4 [kHz]
Power 120 [kW]
Gap 2 [mm]
Heating Time 150 [sec]
Cooling Time 50 [min]

4385

! 400 mm
|
Heating
ma\l
line 5
i 2 B o O RO RO
line 4 I L
line 3 -
e 2 R
e 1 oo & ¢ Ill]l]mm
. [—
’ 100 mm

Fig. 12. Heating area and measuring points

breadth [mm]
0
7[124( 0 500 600
o8
-0.4 = - .:»x ~
— -0.6 & @
g -
E-0s8 =
g o "
% -1 o -3~ line §
212 B w2 line 4
) o -
s 4 % - line 3
-¢- line2
kg —o—line 1
-1.8

!
~

Fig. 13. Induction heating experimental results
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