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Development of Shipbuilding Steel Plate with
Superior Low Temperature Toughness for Large Heat Input Welding

i #— NAKASHIMA Koichi  JFE 2 F— v R F— UBIZERT  SIMRFZEE  EEMPEE ERER) - L (259
E# M HASE Kazukuni JFE 25 —v 2 F—VWIRFT  MBIZEE TENPRE RIEE) - B (1)

failE  Kid  ETO Taiki
EZ5

FKBATA BN B P F R TJFE EWEL®) % 3 518 E 3 ¥, MA (Martensite-austenite constituent) 43
Bl bR 2 32 2 eic & b, R 72 5 KABARETAE YP390 F i (YP:Yield point) #i & F¥E L 7z, [JFE
EWEL® ) |3, VABBGEEN (HAZ) 1231F 2 MK 2 MIME S 2 7290 TIN o fEF ¢ BT E o 729
DB, Ca BIEHALIHMTH 2, AT, SieHLOGRTHMINEY RE(b L, EHE 2MHTH 5 MA DTE
HfE 2 EE L7, $72bb, MHRETIE HAZ 2T 3 2 MA 2RS¥, EE Tl MA 2B 08 S
¥ CHAZ OFFL % X - 7z AT 208 U 7o KA HZERE YP390 F A % Ja8his U, HIEEORMITERE 2 e
Lo, BIiiaEEs L ORAZABETRIE 2 i3 2 2 ¥ 2B L 72,

JFE 2 5 —v  PHHARREFT @b EatiEits BEME @R

Abstract:

The “JFE EWEL"” technology and optimization of dispersion of martensite-austenite constituent (MA) has been
applied to develop YP390 MPa grade steel plate (YP: Yield point) with superior low temperature toughness for large
heat input welding. The “JFE EWEL® technology consists of minimizing the size of coarse-grained heat affected zone
(HAZ) through controlling TiN particles, refining the microstructure of HAZ by using B, Ca. Furthermore,
dispersion of MA was controlled by optimization of alloy design such addition of as Si. Suppression of MA formation
in the coarse-grained HAZ and promotion of MA formation in the softened HAZ was achieved simultaneously in order
to improve the HAZ toughness and the strength of welded joint. The developed steel was produced in an actual plate

mill, and showed the satisfactory property of base metal and welded joint of large heat input welding and weldability.
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Table 1 Target values in mechanical properties for developed steel plate
Steel plate Welded joint
Tensile prope rties”! Charpyvlmgact Tensﬂe. " Charpy. impact
properties properties properties
Thickness (mm) YP (MPa) TS (MPa) El (%) vE (J) TS (MPa)*3 vE (J)
50 =390 510-650 =20 VE-c0=39 =510 VE-4=39

:l T. P.: T-direction >T. P.: L-Direction
*T. P.: NK U2A or NK U2B

YP: Yield point  TS: Tensile strength  El: Elongation vE: Absorbed energy
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Fig.1 Concept diagram of MA control for developed steel
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Photo 1 Heat affected zone (HAZ) microstructure of developed
steel
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Table 2 Chemical compositions of developed steel

(mass%)

C Si Mn Nb Ti Others Ceq*1 Pem”
Cu, Ni,

005 006 156 0.01 0.01 Ca. B, etc. 0.38 0.16

Ceq=C+Mn/6+(CrMo+V)/5+Cu+Ni)/15
*Pem=C-+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B
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Photo 2 Microstructure of developed steel
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Table 3 Mechanical properties of developed steel

Position YP (MPa) | TS (MPa) El (%) VvE -s0°c (J)
1/4t 476 567 26 334
1/2¢ 422 518 28 262

Tensile test specimen: NK U14A, T-Direction
Charpy impact test specimen: NK U4, L-Direction
YP: Yield point  TS: Tensile strength

El: Elongation VE: Absorbed energy
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Fig.3 Results of maximum hardness test for the developed steel
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Table 4 Welding condition of y-groove weld cracking test and results

Thickness A h 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
DW-55L 0 0 0
50 (1.2 mmg) 25 17.6
(Kobe Steel, Ltd.) 0 0 0
20°C-60% 25 0 0 0
0 0 0

JFE £ No. 33 (2014 452 ) — 10—
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Table 5 Welding conditions for electrogas arc welding (EGW)

Thickness | Welding . Welding . Heat input
(mm) | method Edge preparation consumable Pass Current (A) | Voltage (V) | Speed (cm/min) (kJ/cm)
200— DW-SILG

50 mm (1 .6 mm¢)
50 EGW ; / - K4 1 410 42 3.5 302
8 mm (Kobe Steel, Ltd.)

EGW: Electrogas arc welding

FL 400

HAZ | WM 1 mm under surface 6
L 0 ; = 350 ® ¢}
2
T 300 | L
E
250 g
=11]
s 200 F
g Open: Each
g 150F o Solid: Average
5
. 5 100
: 15} Target (VE_4c=3917)
Wi pm 2 e
0 4 '<CD 50 P . T_ ______________
WM: Weld metal, FL: Fusion line, HAZ: Heat affected zone 0 . . . .

WM FL HAZ HAZ HAZ

EBE3 EGWREB$FFOT Y RS LU0T71—Ya v 51> Zmm 5Smm  10mm
D47 O4ER WM: Weld metal FL: Fusion line

HAZ.: Heat affected zone
Photo 3 Macrostructure and microstructure at fusion line of

electrogas arc welding (EGW) welded joint 4 EGW BHEEFDY v ) —EeEsit R

Fig. 4 Charpy impact properties of electrogas arc welding

%6 EGW AEMEDEAREE (EGW) welded joint

Table 6 Tensile test results of electrogas arc welding (EGW)

welded joint
400
Test piece TS (MPa) Fracture positions S 350 _l/ 2
NKU2A 549, 545 Base metal ER [ ]
NKU2B 524,517 Base metal 2 sl g
TS: Tensile strength Eﬂ 200 F e}
% Open: Each
2 150 | 6 Solid: Average
e
T, 1320V 7 ra A7 —2A#% (EGW : Electrogas 2 100 Targte_t (VE-_4c 239 17)
. S e g s 50 b ]
arc welding) #EF 2 1FH L7z, =2 n S & OV HEALE © , )
B2 7 oflfoflrBE3 IRT. 7, #TF05[5EM®R WM FL HAZ
EER6IIRT . MTFEEOMRME IR (=510 MPa) % WM: Weld metal FL: Fusion line
FEB kT RERE LTV a, T v v —fE HAZ: Heat affected zone
AR C B 4IRS, IO/ v FAEICEWLTY, 5 FOW SABHEEDS v )L E—Feeties
RN 2V F =253 50 TE D, YP3OF i O KA Fig.5 Charpy impact properties of FCW welded joint
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Table 7 Welding conditions for GMAW

Thickness | Welding
(mm) | method

Welding
consumable

Heat input

Edge preparation (kJ/cm)

Pass Current (A) | Voltage (V) | Speed (cm/min)

40°

5 / |50 mm | DW-55L FB-B3T - - - -
50 GMAW (Kobe Steel, Ltd.) 15 180-210 21-22 5-9 25-53
6 mm

GMAW: Gas metal arc welding
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