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Mechanical Properties of Steel Plates Produced by the On-line
Accelerated Cooling
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Kenji HIRABE, Kazuyoshi ARIKATA, and Kenji 'TAKESHIGE

Synopsis:

The plate mill on-line accelerated cooling (OLAC) process is a controlled cooling process characte-
rized by interrupted accelerated cooling in the transformation temperature range after hot-rolling, and
subsequent air cooling to room temperature. To optimize production conditions, the effects of rolling
conditions, cooling conditions and chemical composition on the mechanical properties of the controlled
cooled plates were studied in comparison with controlled rolled (CR) plates. The controlled cooling
process could increase strength withont sacrificing toughness, resulting in improved weldability because
of decrease in carbon and alloying elements. The beneficial effect was attributed to the fine ferrite
and finely dispersed bainite microstructure. The toughness and strength of the controlled cooled plates
were determined by the CR conditions before cooling, and the subsequent cooling conditions, respecti-
vely. The optimum cooling conditions were as follows : the initial cooling temperature above Arg, the
final cooling temperature ranging from 500 to 600°C, and the cooling rate from 3 to 15°C/s. The
controlled cooled plates produced under the optimum conditions had good mechanical properties, equal
or superior to those of the CR plates finish-rolled in the (y-+a) regions, even with the remarkably re-

duced separation.
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The production results are also described herein.
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Fig. 1. Effect of slab-reheating temperature on
mechanical properties of Nb-V steel.
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CR: (a, d, g), finish-rolling temp., 750°C
OLAC : (b, e, h), OLAGC initial temp., 750°C
(c, f, i), OLAC initial temp., 790°C
slab-reheating temp. : (a, b, ¢) 1200°C, (d, e, f) 1120°C, (g, h, i) 1060°C

Photo. 1.
slab-reheating temperature.
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Fig. 3. Effect of slab-reheating and finish-rolling
temperatures on bainite volume fraction and fer-
rite grain size.
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Fig. 4. Effect of cooling rate on the changes of
strength and toughness between OLAC and CR
plates under the identical rolling conditions.
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Fig. 5. Effect of OLAC final temperature on
mechanical properties.
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carbon equivalent (OLAC).

Ceq (OLAC) =C+0.20Mn +0.03Cu +0.06Ni
+0.14Cr+0.29Mo0+1.03Nb +0.67V -..--. (1)

(1)=X4z Fig. 6 w3 X 5 T3BFIED Si-Mn 6,
4 Nb OB EMI & IWHBAE L, B OLAC #f
DBEEEXE LCERAL 5.

Bl CR & X2 8B oML X R TH v,
BEREMBE I CDETHREAD CR FEOD & TR
FOBREDNZL I >2H 5. LirL Nb e C
{fkix CR #f& OLAC Ho®ipE LicEF L5 LT 5.
3-4 EHEREOREIL

OLAC #f< CRMERAFOMMELH L, S#EELs
K% 7D EES GG ORBEVEETH L. HH%
£F o # E BT IEFEIC LS AR TR L e BB B i
LXOTCRIHH, 5lEM I 50~70 kgf/mm? {8l <134
HPAARE Arg SEAE, BHEEE 3~15°C/s, mHE
IETRE 500~600°C 1 % . B KL BHID A £ % B
o CR LfEciEd, GHILO DD X HHHFIT—#E
BB cE b, 7 38 CR # & 3ISR— 0%
8% 7-%icix, OLAC #oEESA CR M ER—K
LB ENTEL. LLTHE CR #ERZ08H:
%, Arg S ECEER# 2 %5 OLAC# CHE 512,
A7 7 L ERTMEAL, r RESERCTOREET
R @b b EBELWCEETEYIT S LWEBRH 5. Itk
Ary FIZ KA SORD 2 HGCTFREIL TV 5.

4. SERTHR LM

41 FRAYRE

* v 54 vHEGHIOERE R CR &4ETED
L AP KELHEE L O OBMWMELAATEE & 75 A
Hb. ZOBREHSICEEOTCCREETREOERITTEE
Ligh, BERGER HAZ) o {tEERENR

— 92 —



F v T A4 v RS R O BRI 93
Table 1. Chemical composition of steel plates produced by on-line accelerated
cooling (wt%).

Item Steel Grade Thickness mm C Si Mn P S Nb v Others sol. Al Cog*
Line A X65 24 0.08 0.24 1.51 0.018 0.001 0.032  0.063 Cu, Ni 0.034 0.37
Bipe B X70 15 0.07 0.25 1.59 0.015 0.002 0.030  0.070 — 0. 031 0.35
Stoel C X65 25 0.03 0.26 1.60 0.012 0.001  0.043 — Mo 0. 027 0.33

D X70 25 0.03 0.16 173 0.019 0.002 0.044 — Ti, B 0.024 0.32
Hull E EH36 25 0.13 0.34 1.31 0018 0.005 Ti 0.044 0.35
Structural F EH36 25 0.13 0.26 1.12 0.016 0.004 — — - 0.024 0.32
Steel G EH36 38 0.11 0.38 1.44 0.012 0.002 — - Ti 0. 064 0.35
* Coq =C+Mn/6+(Cr+Mo+V)/5+(Cu+Ni)/15
Table 2. Mechanical properties of on-line accelerated cooled plates.
Tensile test* Charpy impact test B.DWTT**

Steel Direction

YS TS El Absorbed energy Absorbed energy SImax 50% FATT 85% SATT
kgf/mm? kgf/mm? % at 0°C kgf-m at-40°C kgf-m 1/mm C | °C
A T 49.6 59. 6 53.4 310 29.6 0.05 —104 —48
B T 53.0 62.2 41.8 20.3 17.1 0.05 —101 —61
C T 47. 4 59.3 57.8 43.9 43.6 0.02 —106 —43
D T 51.7 62.0 52.4 43.7 34.2 0.03 — 9 — 46
E T 41.8 54.3 25.8 15.5 8.9 0 —48
F T 37.9 51.0 26.8 15.1 9.2 0 —44 —
G T 41.2 52.7 26.6 30.0 26.6 0 —92

Note * Gauge Length: 50 mm for Steels A through D, and 200 mm for Steels E through G

** B.DWTT specimens were reduced to
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b) transmission electron micrograph
Photo. 2. Microstructures of an OLAGC plate.
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