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Abstract

Shielded metal arc welding, one-ploe and two-pole submerged arc welding were accomplished to
investgate microstructure changes on phase transformation behavior in 60kg/mm? quenched and tempe-
red high strength steel. Microstructures were examined by optical micrograph and TEM .

In shielded metal arc welding (oxygen 250ppm), the inclusions were small size (0.3~0.5um) and
small in number. In submerged arc welding (oxygen 430~ 520ppm), the inclusions were larger(0.7~2pm)
than that of shielded metal arc welding and large in number.

Microstructure mainly depends on number and distribution of inclusions in fusion zone of weld
metal. It was noticed that a limited number of inclusions favors the formation of acicular ferrite.
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Table 1 Chemical composion and mechanical properties of base metal

| Base metal Chemical composition(wt% ) Mechanical property Ceq* Pcm“l
‘ Base metal | ¢ | g |Mn| P | S |Cul M |C| V]|V Irs | e Vlfghf’?;y
A 537-2(22mm) (kg/mm® | % | (200)

14 | 35 | 138|009 | 003 | .016 | 049 | 069 | 013 | 52 ‘ 62.7 | 29 282 339 | 2067

* Ceq=C+Mn/6+Si/24+ Cr/5+Ni/40+Mo/4+V/14(%)

** Pem=C+Mn/26+Si/30+ Cu/20+ Ni/60+Mo/15+V/10+5B( %)
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Table 2 Chemical compositions of weld metal

chemical compisitions(wt% )
C Si Mn P S Cu Al \ Ti Ni B
SMAW* 093 5 110 018 006 026 | <005 | <.005
SMAW* *(one pole) 12 25 132 | 018 | 016 | 038 | <005| <005| 014 | 054 | <005
SMAW (two pole) 097 .18 118 | 015 | 017 | 036 [ <005| 006 013 | 102 | <005
*SMAW : Shielded Metal Arc Welding(5%874)
**SAW : Submerged Arc Welding(X+5-84)
Table 3 Welding conditions.
L Welding Cond. Electrode Current Voltage Speed Heat input Remarks
Process (A) W (em/min) (kJ/cm)
| SMAW 160~190 24 15 17
| SAW(one pole) 750 38 30 57 DCSP
' SAW(two pole) L’ 800 5 35 104 DCSP
L T 750 33 AC

"L Leading Electrode, **T : Trailing Electrode
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(a) SMAW(17k}/cm)
PR NSNS e R

(c) SAW(104Kk]/cm)
Fig. 1 Optical micrographs of as-welded weld deposits
of fusion zone

189

e - AUy - dAA
503 wdsl 2] ferrite side plate, FA Eol&
ro 24 g gto]Eo|th, AF M B vhe} 2ol
A #Hzto|E} ferrite side plate ¥&o] A o
2 A4 #HgelEL Hode A& ¥ F Utk
(b= one-pole £H2 F$2A, @Rt 4A
g}o] E ribbon E°] WAL 3 seto|Ee HA
el on (o two-poledH o 2§24 4A #
2}o]E ribbon E°] (b)2.th Bl WAL ferrite side
plate® TIgo] wastgon Jizez Y et
o EX ZAFth watd &HYHo] FUtEE F
} ARYEZ L Yol ol HEolE lathF = F7HHe
2 & Ut

4 2 4T ot

100 1 l
o ‘
X ec '
= '
(] '
c '
E €01 !
E 4c
E, © /" Grain Boundary Ferrite
£ 2c ¢ .
S : X
¢ : .

~

57 0
Weld Heat Input (kj/cm)
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(a) SMAW(Q17kJ/cm) (a) SMAW(17k]/cm)

(b) SAW(57k]/cm) (b) SAW(57kJ/cm)

(¢) SAW(104k]/cm) (c) SAW(104kJ/cm)

Fig. 3 Transmission electron micrographs of weld metal, Fig. 4 Transmission electron micrographs of weld metal,
showing a large number of inclusions within showing acicular territe with fewer inclusions
grain boundary ferrite. comparing to Fig. 3.
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(c) SAW(104kJ/cm

Fig. 5 Optical micrographs of coarsened grain regions
of HAZ.
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(a) SMAW(17k)/cm)

(¢) SAW(104k]/cm)

Fig. 6 Transmission electron micrographs of coarsened
grain regions of HAZ.
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(a) SMAW(17kJ/cm)

(a) SMAW(17k}/cm)

(b) SAW(57k}/cm)

(b) SAW(57kJ/cm)

p 3 .:!wf%ﬂ{;

(c) SAW(104k]/cm)

(¢) SAW(104k]/cm)

Fig. 9 Transmission electron micrographs of refined

Fig. 8 Optical micrographs of refined grain regions of

grain regions of HAZ.
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Fig. 10 Nucleation of a spherical nucleus of ferrite at
an inclusion in the austenite.
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Fig. 12 (a) Fine lath ferrite developing along grain
boundary ferrite
(b) inclusion acting as nucleation site
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