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Steel Plates of 460 MPa Yield Strength Class with JFE EWEL® Technology
for Large Heat Input Welding
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Abstract:
The “JFE EWEL™” technology for improving the toughness of heat affected zone (HAZ) effected by large heat

input welding has been applied to make YP460 MPa class steel plates for very large container carriers. The “JFE
EWEL” technology consists of minimizing the coarse grain HAZ region through controlling TiN particles, refining
the microstructure of HAZ by using B, Ca and improving the toughness of matrix. Furthermore, the reduction of C,
Si, Nb contents improves HAZ toughness with decreasing martensite-austenite constituents. Production of this steel
plate was made possible by Super—OLAC® (OLAC: On-Line Accelerated Cooling) and state-of-the-art thermo-

mechanical control process. The developed steel has been approved by Nippon Kaiji Kyokai as rolled steel for hull,

and is under the application to actual ship.
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Table 1 Target values in mechanical properties and Ceq for developed steel plate

Steel plate

Welded joint

Tensile properties”'

Charpy impact

Tensile properties™ Charpy impact

properties Ceq*S properties
, %
Grade Th(‘;krﬂfss YS (MPa) TS (MPa)  El (%) Eoao C4) TS (MPa)™* E-20 (D)
YP460 60 =460 570720 & » =0.42 =570 B
EH40 |50 <¢=70 =390 510-650 =20 =46 =0.40 =510 =41

“'T.P: T-direction  T.P: L-direction C,,=C+Mn/6+(Cr+Mo+V)/5+(Cu+Ni)/15 “T.P:NKU2A “Equivalent to EH40
YS: Yield strength  TS: Tensile strength  El: Elongation E: Absorbed energy
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0.06-0.08%C-0.2%Si-1.5%Mn-Cu, Ni, Nb
Heating cycle: 1 400°C
A1800-500°C: 270, 390 s
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Ceq (%)
Coq=C+Mn/6+(Cr+Mo+V)/5+(Cu+Ni)/15
JIs: Ductile brittle transition temperature
HAZ: Heat affected zone
At800-500°C: Time from 800°C to 500°C at cooling
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Fig.1 Effect of Ceq and Nb contents on synthetic
HAZ toughness
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0.05%C-Si-1.5%Mn-Cu, Ni-0.01%Nb
Heating cycle: 1 450°C
At800-500°C: 390 s
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M-A: Martensite austenite constituent

HAZ: Heat affected zone

JTI: Ductile brittle transition temperature
At800-500°C: Time from 800°C to 500°C at cooling
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Fig.2 Effect of Si contents on synthetic HAZ toughness
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Table 2 Chemical compositions of developed steel plate

Thick- Chemical composition (mass%)
ness
(mm)

C Si Mn Nb Ti Others Ceg*

Cu, Ni, Ca,
B, etc.

EH40 | 80 [0.08 022 154 — 001 CaBete. 036
*C,q=C+Mn/6+(Cr+Mo+V)/5+(Cu+Ni)/15

YP460 | 60 |0.05 0.07 1.55 0.01 0.01 0.39
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Table 3 Mechanical properties of developed steel plate
YP (MPa) TS (MPa) El (%) E0 ()
508 654 21 282

YP: Yield point TS: Tensile strength
El: Elongation E: Absorbed energy
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Table 4 Welding condition of y-groove weld cracking test and results

Thickness A N Preheat Welding condition Crack ratio (%)
tmosphere o
(mm) P temperature (°C) | Consumable | Current (A) | Voltage (V) | Speed (cm/min) | Surface | Section Root

0 0 0

0°C-60% 0 0 0 0
LB-62UL

(4 mme) 0 0 0

60 (Kobe Steel, 170 25 15 0 0 5

Ltd.)
20°C-60% 25 0 0 0
0 0 0
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Table 5 Drop-weight test results of steel plate developed

Thickness . . N o
(mm) Test piece type Location  Direction  Typr (°C)
60 P-3 Surface Longitudinal — —75

Txpr: Nil-ductility transition temperature
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WM: Weld metal, FL: Fusion line, HAZ: Heat affected zone

BE1 EGW AEMFD~ 7 OfE# s & U fusion line D I 7
mEzh
Photo 1 Macrostructure and microstructure at fusion line of
EGW welded joint

%8 EGW BAEMFsIRARER
Table 8 Tensile test results of EGW welded joint

TS (MPa) Fracture positions
586 Base metal
584 Base metal
T.P: NKU2A

EGW: Electrogas arc welding TS: Tensile strength
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Table 6 Mechanical properties of the steel plates after line-heating treatment

Maximum heating

YP*

TS* EI*

Thickness (mm) temperature (°C) Cooling conditions (MPa) (MPa) (%) E.40 ()
Immediate WQ 524 650 20 218
60 900
WQ from 500°C 539 650 19 181
*T.P: NKU1
WQ: Water quench  YS: Yield strength  TS: Tensile strength  El: Elongation vE: Absorbed energy
R7 EGW KABBEESEM
Table 7 Welding conditions for EGW welded joint
Thickness . . Current Voltage Speed Heat input
(mm) Welding method | Welding consumable Pass (A) ) (cm/min) (kJ/cm)
Developed wire
(1.6 mmg)
60 EGW KL-4 1 390 42 2.7 364
(Kobe Steel, Ltd.)

EGW: Electrogas arc welding
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JE: Absorbed energy
WM: Weld metal HAZ: Heat affected zone
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Fig.3 Charpy impact properties of EGW welded joint
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Table 9 CTOD test results for EGW welded joint of developed

steel plate
Thickness Test temperature . Fracture
(mm) C) Notch location 6 (mm) mode
0.705 u
60 —10 Bond 0.728 u
0.403 u

CTOD: Crack tip opening displacement
EGW: Electrogas arc welding
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EGW: Electrogas arc welding SAW: Submerged arc welding
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Fig.4 S-N diagram of EGW welded joint

10

e 45 P 1E —10°C T Kea (crack arrest toughness) i 7%
6000 N/mm”” DL BN B %4 LT b,

SEXH

1 B, SmEAE, KERE. AR 2006, vol. 46,
no. 4, p.161-165.

2) R, BRI T4 4358, 2007, no. 11, p. 12-16.

3) SAM—, —wEsfT, FKHIfEAL JFE H#t. 2004, no.5, p.19-24.

4) BARM— KRIfER, —E&wir, K& HLEHEH FThd.
2004, vol. 43, no.3, p.232-234.

5) &RIEA, W, RAREORES, & amr 8k 8 1975, vol. 61,
no. 11, p. 2589-2603.

6) AEAAS, ISR, WIASFER]. $kE M. vol. 65, no.8, 1979, p.1232-
1241.

7) hUEEES, N, IR B AR S AE 1983, vol. 52,
no. 2, p.117-124.

8) T A —, IR, KEFE— EHME=, A& FEH—%
G Bk . 1986, vol. 18, no.4, p.295-300.

9) WEMEZ, WHEBA, W&HG HIEC, BB bEREEE Al
W, HPE BT H SR 2004, vol. 380, p. 2-5.

10) Kawabata, F; Amano, K.; Toyoda, M.; Minami, F; Proc. 10th Int. Conf.
OMAE, 1991, vol. 3, p. 73-80.

11) ARG, AHBIE, BEHeR, REE—, WIS SO, I
BERFHR. 1993, no. 25, p.13-19.

12) s, MAREN, hIFEL FIERAT. BHYSEOCHE. 1995,
vol. 13, no.3, p.438-443.

13) deHEE. TMCP 2 & 2 FefR 5 40 kgf/mm” # i HK  F A8 112 B
72 o COMPETRIEHEICT 20178 (BLamse, BORS:), 1990 4F.

JFE B¢t No. 18 (2007 4 11 1)





