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Abstract:

While a utilization of thermo-mechanically controlled processing (TMCP) enabled a manufacturing of high
performance steels, the claims for higher impact toughness at weld heat-affected zone (HAZ) and the better
properties in weldabilty have been more stringent since applied environments of those steels become more and
more hostile. Meanwhile, welded structures are demanded to be large-scaled; i.e., the enhancement of their
construction efficiency becomes crucial to sustain the global competitiveness. As a consequence, research and
development toward one-pass, high heat-input welding and narrow-grooved, low heat-input welding technologies
have been undertaken, which in the past few years significantly advanced the properties of weld metal and HAZ. On
the other hand, high strength steels have magnified the fields of their applications implementing the large-scale and
light-weight of the structures, where high energy-density welding has been vitally investigated accompanying with
the studies on highly-functioned welding technologies for fatigue-proof properties and deformation-controlling. This
article briefs on progress of the high-efficiency welding technologies and highly-functioned welding technologies

for applications of high strength steels.
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Optional selection of three technical factors

1. Control of HAZ grain Enhanced pinning by
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microstructure in HAZ

3. Low C,, alloy design %::[?;ﬁgrfg(ﬂg% rate by ]
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Fig.1 Concept and technical factors of HAZ toughness
improvement technology “JFE EWEL”
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Fig.2 Schematic illustration of TiN resolution and boron

diffusion around weld interface of high-boron
containing weld metal
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Photo 1 Microstructures around weld interface of EGW welds
(Plate thickness : 65 mm, Heat input : 50 kJ/mm)
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Butt Joint
Square groove-Gap: 5 mm

Welding conditions
Electrode negative, 100% CO,
Puss number: 8
Welding current: 300-350 A
Welding speed: 600—1 200 mm/min
Heat input: 6-10 kJ/cm
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Photo 2 Macrostructure of narrow gap welding with J-STAR
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Welding conditions
Electrode negative, 100% CO,
Welding current: 300 A
Arc voltage: 30 V
Welding speed: 400 mm/min
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Photo 3 Weld bead macrostructure in bead-on-plate welding
with J-STAR
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Fig.3 Thermal strain history during cooling in weld metal
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Table 1 Chemical composition of deposited metal of developed
welding material (covered electrode)

(mass%)
C Si Mn P S Ni Cr
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Fig.4 Relationship between yield strength of steel plate and
fatigue strength of welded joint at 2X 10° cycles

(23R 7T 0 200 I 1987 B0 4 HUe L 7o S &
B 4127 F . PEROEEMR T, BRI B L T b
FESFREEIRIE L A EBALL TR WA, BT R 2
AL 7288020, PN HF ICm Es5 & 012, W
WD RERIRIE DRIINC & b 7 5 W IE O L b B Tw
o EBIC, BSSHBEMEEZHWLZEIZLY, AN LE
PR, BB AR 2 & O RIE b KR L
B EORERSESNTEY Y, S50 e o8 ik
RHETE DR 2 AR b AR SN TWw B,

3.2 BERERAMEIRMT

31T, BESREOMELRREORE FIH L 72957
SEEEN AN D W TR Rz, REIIZBW T, BHESE
DHERE 2 BFHRE AN L7zl ow i
%o

SREED OBEAE T ICBWTIE, BHEeR & W osE
B S 5 5 EEOAE — BRI LD, SRS
SERAEL S, TOERED, 7oL L XEHRETITER
WE7RJT AT, M ClE H AR CUEAR B 1B E ST
WELIFARIPH A B2 5551201, FNEBIET 720100
IMBEIBD LT ELELDIANF—PHEEIN TV 5,
F7z, SNEEWOLRBIEICIZZ S OHNIERLINTE
D, SREEYZREMICEIET 5700100, BERAREK
WL CTHEERED O EZ A L8385 2 LS HELRR
M oTWnD,

DlhoBEfob &, BHEEBMBRBENOMEZ, (M)
BT AV F — - SRR AR BtV F -7



el DIERCEHBA 3 & U3k

BB 3t

PR A MO Ta Y = 2 ] (2003~2005 4 )
IZBWTERL 72,

JE RN EEA I B W T, BRI E R S &
FORELBESELD, BESEOBRPZERMET
T35 X ICHEEMBHIRGI ST b, —F, BEE
TERAGIR X8 A 56121%, ERBIFIRR OB SR JE P o5
DIARIEININEVHED, Thbh, 2RI 200,
BREREOWWEI X I8 )IENAE Z 5 Wil T/
SWHENRRV, 20720, BEMEREORL ¥ ML, &
AT ORI R 70 22 TR B AT B P &2 RIS 95 2 &
L, BEMFHILE R MR F O IR 2 BT 5
ZEICH b,

BREROEERBRE EALEREOBBRER 5 IR
T Pk, BUE 9 mm o SMA90Y WAL % 72 5 %
600 mm O T 7 b A & H2 ik T T, ¥ 82 5 18 12 220A-29V-
40 cm/min (A# 8T A —% (Q/h®)=10)/mm’) T 5.
REHEMOWE, AR LB SR O BIRIBE D
350~450C Ti/h & %2 0, FEREBEMEHI R TH 1.5~
2.5 mm/300 mm K L T 5,

BESBEITVT V94 MR TH L7720, WO, 8,
it NPEDME D, BHEROEMET— N2 FAT—F (f)
o754 8 ETHZ LI ENTRETHS,
W4 O Ms FAY350~450C TH ), HEfE€— K%
FA € — N & % 2 BHEM B O LMK, SR 5 O AR
ZERE L, 12mass%Cr-3mass%Ni % & L 72, 512, 7
T 7 AMIEALTHZ I, HEREEME L %D
VEZENE &AM 2 B3 5 HBKPRRBHER 7 7 v 7 A
AT AXERBZELE Y, T2 BT EHAR O LA
ZRT

FAFSTEHAM B2 Fl CTHRYE L 7205 R C OB A T mAX
WA R 2 Tz HIERRE R EAROREB & LT IH

10 Steel plate: SM490Y (9 mm-thick)
~ 91 @
=)
E 8} ° s
a °
o T °
el .

') Conventional

% 61 ¢ '& ° welding material
s 5t
2 Developed
5 4t welding material
RZ (12%Cr-3%Ni)
S 5
k= Angular distortion=(d, +d,)/2
= .
B 27 Second pass [ First pass
é Y

1t Y 14,

0 1 1 1 1 1 1 1 1 1 1 1 1 ]

200 400 600 800

Ms temperature or Ar; of weld metal (°C)
K5 ZELEOEERBEES T FRERFOERENE
DR

Fig.5 Relationship between Ms temperature or Ars of weld
metal and angular distortion of T-joint

K2 BREBEMH (T7vI7XANTAY) tRHW-2E
BEERBOILF R

Table 2 Chemical composition of deposited metal of
developed welding material (flux-cored wire)
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C Si Mn P S Ni Cr
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Fig.6 Out of plane deformation of I-girder model
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Fig.7 Cross-section macrograph and results of fatigue test for
weld joints
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