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High Tensile Strength Steel Plates for Shipbuilding

with Excellent HAZ Toughness
—JFE EWEL Technology

for Excellent Quality in Large Heat Input Welded Joints—
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Abstract:

In order to meet the increase in heat input of welding to improve the productivity of shipbuilding, JFE Steel developed a new
HAZ toughness improving technology for large heat input welding “JFE EWEL.” The technical factors of “JFE EWEL” are the
control of grain size in HAZ by optimized TiN, the control of microstructure in HAZ grain by an advanced microalloying
technology, and optimized alloy design by using Super-OLAC. By applying “JFE EWEL” to steel for shipbuilding such as
YS390 N/mm? class heavy section plate for container ships, low temperature service steel plate for LPG carriers, and YS355

N/mm” class F grade plate for hull structures, excellent properties in both base plates and welded joints for large heat input

welding were achieved.
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Fig.2 Concept and technical factors of HAZ toughness
improvement in “JFE EWEL” for large heat input
welding
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Fig.1 Schematic diagram of large heat input welded joint
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Photo 1 Microstructure of HAZ in electro-gas arc welded joint

2220HAZO0OO00OO
(DJFEEWELD 0000000000 00000000
00000000000000000000000000
J0000000000000000000000000
00000000000000000000000000
000000000000000000000 *o0JFE
EWELDOOOOOOOOO CaDOOO0O0O0O0O0000
BNOODOOOOOOOOODODOOOOOOOOD0OO0O0O
oot
10ACROO
000000000000000O000O00MmDCal
MnBO0O000000000000000000MmMO
J0000000000000000000000
00000000000000000O00OHAZOO
000000000000000000000000
JO00000000000O00000SO0O Cal
00000000000000000000000L
cal00O00O0O00O0O0O0OOODOOODOO ACR?
JO00000O00D0O00O0O0OO0ACROOODOODO
OD000oscal 0000000000000 mO
JOo0O00D0O0000 caSOMnSOOOODOOO0O
JOoooooooooooor
20BONODO
00000000000000D000000000
00BOODOODOOOOOOOOOOOOOOOO
000000000000 000O0O00O0BOOO
JOBNOOOOOOOOOOBNO y—aeOdO0O
00000000000000000000000
0000HAZOOOOODODOOOOOOOOOOL
BNOODOOODOOODOODOOOOOOOOOND
000000000HAZOOODOOODOOODOC
000000000000000000000O0B
O0HAZOOOOOOOOOOOOOOD ®31000
HAZOOOOOOOO BONOOOOOOOODOL
HAZOOOODOOOOOOOOOOOL Fig. 300
10000 TINODOODOOOOOOBOOODOO
00000000000000O0TINODOOODOO
100000000000000000000000

U 21y

Fusion line ¢arqe grain
region

BN

with high
content

1530 1450 1 400
Temperature (°C)
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Photo 2 Microstructure of simulated HAZ (Peak temperature :
1 400°C, cooling time from 800°C to 500°C : 390 s)
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Fig.4 Schematic diagram of the relationship between Ceq, heat
input, and microstructure after welding
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Photo 3 Macrostructure of YS390 N/mm?” class welded joint
(Electro-gas arc welding, heat input = 680 kJ/cm)

Table 1 Chemical composition and mechanical properties of YS390 N/mm?” class plate

Chemical composition (mass%) Tensile property (Transverse) | Charpy impact property (Longitudinal)
Thickness
C Si Mn P S Others Ceq (N/mm?)  (N'mm?) (%) vE 4 (J)
80 0.08 0.22 1.54 0.007 0.001 Ti, B, Ca, etc. 0.36 411 532 28 265

*Cyy = C + Mn/6 + (Cu + Ni)/15 + (Cr + Mo + V)/5

Table 2 Welding conditions for YS390 N/mm? class plate

. . . Welding | Arc Welding Heat
Th(lrfql;;l)e S8 \nygtlﬁ:)%g Edge preparation Xilgli&gable Pass Electrode current voltage | speed input
(A) %) (cm/min) | (kJ/cm)
20°
DWS-50GTFE Face side 400 42
80mm | DWS-50GTR

80 EGW KL-4GT 1 2.9 680

(Kobe Steel, Ltd.) Root side 400 40

9‘—16 10 mm
JFEO DO No.5 20040 80¢ 022
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Tensile strength : 545 N/mm?
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Fig.5 Mechanical properties of electro-gas arc welded joint of
YS390 N/mm? class plate
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Table 3 Chemical composition and mechanical properties of YS355 N/mm?” class plate for low temperature service

Chemical composition (mass%) Tensile property (Transverse) | Charpy impact energy (Transverse)
Thickness vs s -
(mm) ; *
C Si Mn P S Others Ceq N/mm?)  (Nmm?) (%) vE 53 (J)
17.5 0.08 0.19 1.56 0.013 0.002 Ti, Ca,etc. 0.34 426 522 22 351

* Cpy = C + Mn/6 + (Cu + Ni)/15 + (Cr + Mo + V)/5

Table 4 Welding conditions of YS355 N/ mm? class plate for low temperature service

Thickness | Welding - Welding Welding Arc voltage | Welding speed | Heat input
(mm) method Edge preparation consumable Pass current (A) V) (cm/min) (kJ/cm)
PELSOLT
175 |1 sideSAW 175mm | RR-3 1 950 38 20 108
(FAB)
03 FAB-1
== 03 mm (Kobe Steel, Ltd.)
Table 5 Mechanical properties of welded joint of YS355 N/ mm? class plate for low temperature service
Thickness . . Tensile strength* Charpy impact energy vE ss (J)**
Welding method | Heat input (kJ/cm)
(mm) £ put ( (N/mm?) Fusion line HAZ1 mm HAZ3 mm HAZ5 mm
17.5 1 side SAW (FAB) 108 523 84 100 262 301

* Test specimen : Class NK U2A type
** Location of specimen : | mm below surface

Table 6 Chemical composition and mechanical properties of YS355 N/ mm® class F grade plate

Chemical composition (mass%) Tensile property (Transverse) | Charpy impact energy (Transverse)
Thickness
. YS TS El
(mm) C Si  Mn P S Others Ca® | (mm?)  (Nmm?) (%) VE_0 (1)
50 0.07 0.19 1.56 0.008 0.002 Ti, Ca,etc. 0.36 399 546 30 292
* Ceqy = C + Mn/6 + (Cu + Ni)/15 + (Cr + Mo + V)/5
U 23 U JFEO O No.5 20040 80(
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Table 7 Welding conditions for YS355 N/mm? class F grade plate

. . . 1di A 1di Heat
Thickness Welding . Welding Welding e Welding ced
(mm) method Edge preparation consumable Pass Electrode current voltage | speed input
(A) V) (cm/min) | (kJ/cm)
00° L 1600 35
1 50 132
11 mm.
. — KW-101B
Double side T 1200 45
50 SAW (KX) 50 mm KB-110
v (JFE Steel) L 1700 35
N Ll mm 2 55 129
%0 T 1300 45
Tensile strength : 535 N/mm? oooo
Test specimen : Class NK U2B type 1l 0000000000000 000000000000000t
vol. 4300 no. 300 200400 p. 232-234(
_ 400 — Location : 1 mm below surface (Final side) — Jd OD0DO000ODDO0OOOOOO0O0O0OoOOOoOoOoOn0oont
S L ]
5t - 3 @ . vol. 6601 198001 p. 354-362!
io'_ L o - 3 000000000000 0000000O0OOvol.610no. 110
L 00 7 197500 p. 2589-2603!
§3 - © b Al DOD0O0DOO0DO0OO0OO0O0O0OO0OO0OOOODOOvolesdno. 8019790
g L o - p. 1232-1241.
E 200,_ b ] 50 0000000000000 0D0OO00O0ODO0Ovol 520 no. 200 1983C
5 T e @ Open : Eac . p. 117-124.
2z - o Solid : Average | —
:\ - e} - — 60 O00O0OO00DODOO0O0OOOO00ODOOOO0OOOOoOoDOboOoOoonol
g0~ o o FH36 (ngf“;")“a“"“* 0000000 vol. 180 no. 40 198601 p. 295-3001
6 B T N ] 7 00000000 DOO0DOO0OO0OoDO0ooOO0ooDoOoOoOooODoDoOOoOooDoort
0— ] 0000000000000 o0ooOvol 16020030 p. 360-363(
Fusion HAZ HAZ HAZ 8 J0O0000ODO0OO0U0COOUOODOU0OUObDODUODODOOOl
line 1 mm 3mm  5Smm 0000 vol. 630 no. 20 19770 p. 303-312(
N . 90 U0DD0D00000O000000D0OO0OO0DOvol 790 no. 100 1993(
otch position
. . . .. . 1169-1175.
Fig.6 Mechanical properties of arc welded joint of P
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