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Abstract: The TMCP steel has expanded in the marine structure during manufacturing process because of
its excellent weld-ability and impact toughness. In the case of merchant ships, coverage of TMCP steel
has been used widely on over DH36 Classifications material. The line heating process is applied to the
outer surface of the steel plate for the shipbuilding. In this study, We compared between TMCP and
normalizing steel for shipbuilding by analyzing some basic data through performing the natural cooling
after the line heating. The experimental results show the angular misalignment changes in line heating.
Heated surface of normalizing steel material expanded to -0.3° and reduced to +0.2° after cooling. And
during cooling at 194°C for 1,500 seconds, Angular Misalignment began from - direction to + direction,
passed the critical point to the default at 2,200 seconds and did not take place any more at 103C after
the 2,700 seconds. Angular Misalignment results of TMCP steels and Normalizing steel material show
same angular misalignment lasted 1,200 seconds, TMCP steel has given more expansion and contraction
angle which is 0.2° than that of the Normalizing steel. Length difference between expansion and

contraction is about 0.3 mm.

Key Words : Line Heating, Thermo-Mechanical Control Process, Normalizing, Thermal Deformation
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Table 1 Chemical compositions of DH36 steel used

2! Normalizing Z

DH 36 Grade Higher tensile
Chemical compositi strength steels
C 0.18 max
Mn 0.9-1.6
Si 0.5 max
S 0.035 max
P 0.035 max
Cr 0.2
Mo 0.08
\Y% 0.05-0.1
Ni 0.40
Cu 0.35
Grain refining elements o
(Al, Nb, Ti)
Addition elements (N) O

Ceq= O+ ! +C’r+11540+V NZI;Cu @)

Table 19]A41&=
on, FEAE £of E°1
& 9%S = FE ‘94/“«] ’EJ‘EH’H°

I Aok Al 27] 280x100x20 12 (a)
oF o] A37tE F ThdHolA R <3|
TEHEC %%'}71] Wty AlA golAe
(OFFo g 7t Wyo] WA (b= ¥ £ 7
ddo] FHte FIFEoA L= A "I
I A FRelldeE (HEFeE ZF HFo] dof
U d4s 9= Mgzeg’?
280
(Expansion) Line Heating Point

Fo Y 7 7 P
pE—

(a) during heating

(Shrinkage) It

Angle «

(b) after cooling
Fig. 2 Basic physical phenomena of line heating

48 I FAHIASELX| H20@ 5=, 20164 108

f f,’;;*ih;;;;#

2ol gl et AT

torch

Fig. 3 7} «l??_ ARG AR A
FolHE 7L 2|

juin)
filo
u: -{N'
o_.>i
o
ol
i
RS
ol
ol
£
w
=
S
B
L“I
=
I

B ATl o] &7 ZERTp2e
2820Col ZEBZE2E+ °F 1,200~2,500C
}*9} Hl Btk B Ao AHgR b
‘:'l%ﬂ dExos 7%%0}%1 7}

il

stttk WzhgAle 5400% F9 AAUR
F2lo2 Yrstgom, Ay o]&3t _ZJJ_&
Table 29} Zo] 7FEEXY 4k AYHL 4217
kPa, 44 8719 11982 912.0 kPa, Exu =
23 7t AYHLS 588 kPa, T¥HL 147.0 kPa
2 39tk EX S AR AgE 90 mmE 3t
0.5 cnys 7MEEER FE71E3HA T

l

outer flame
(1,200~2,500°C)
1.260°C

inner flame
cone (2,820°C)

Fig. 4 Oxidizing flame of experiments



Table 2 Heating Condition of experiments

Heat source Oxygen-Propane gas
Oxygen pressure of torch 421.7 kPa
Pressure of oxygen cylinder 912.0 kPa
Propane gas pressure of 58.8 kPa
torch
Prgssure of propane gas 147.0 kPa
cylinder
Space of torch and plate 90 mm
Cooling method Natural convection
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