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ABSTRACT

For the purpose of studying the change of mechanical properties of weld parts, shielded metal arc

welding, one—pole and two-pole submerged arc welding were accomplished weldability on 60kg/mm’

quenched and tempered high strength steel.

Charpy impact values of the weld metal in welded parts by SMAW and SAW were lower than those

of the heat affected zone and increased in order of bond, coarsened, refined and carbon spheroidized re-

gions in the heat affected zone.

Grain size of prior austenite or M—A constituent did not significantly affect toughness of welded parts,

but precipitated carbide films which forms at the grain boundaries or within matrix and volume fraction of

pearilte were most important factor for toughness.
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Table 2. Welding condition

Welding Cond. Current, | Voliage | Speed |Heat nput
Flectrode Remarks

Process (A V) |(em/min}| (kJ/cm)

SMAW 160~190| 24 15 17

'SAW (one pole) 750 38 30 57 DCSP
N L2 W | % DCSP

SAW(two pole) 3% 104

| ™ 750 3 AC

*1. : Leading Electrode, **T . Trailing Electrode
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Table 1. Chemical composition and mechanical properties of base metal

Base Chemical composition(wt% )

* ¥k

Mechanical property Ceq* | Pcm

A 537-2
(22mm)

metal C Si {Mn| P S |Cu| Al | Cr

V | YS | TS | EL | V—charpy
kg - m

(kg/mn®) |(%)| (-20°C)

.14 | .35 [1.381.009|.003|.01€¢ |.049|.069|.013| 52 [62.7 29 28.2 339 | .2067

*Ceq=C+Mn/6+S5i/24+Cr/5+Ni/40+Mo/4+V/14(%)
*Pem=C+ Mn/26 4 Si/30+ Cu/20+ Ni/604-Mo/15+ V/10+5B( %)
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Photo. 2 SEM fractographs of HAZ using SAW (104kJ/cm) at —20C
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(c) HAZ 2

(d) HAZ 3
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Photo. 3 SEM fractrographs of SMAW (17kJ/cm) and base metal at ~20C
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Photo. 4 Transmission electron micrographs of WM Photo. 5 Transmission electron micrographs of
(a) SMAW (17kJ/cm) coarsened grain regions of HAZ

(b) SAW(57kJ/cm) (a) SMAW(17kJ/cm)

(c) SAW(104kJ/cm) {(b) SAW(57kJ/cm)
{c) SAW(1040kJ/cm)
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Photo. 6 Transmission electron micrographs of
refined grain regions of HAZ
(a) SMAW(17kJ/cm)

{b) SAW(57kJ/cm)

(¢) SAW(1040kJ/cm)
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Fig. 2. X—ray diffraction analysis on weld metal
using SMAW.
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Table 3. Austenite determination factor

Plan Indices
— § a(200) | r(220) | a(211) | »(311)
Conditions
2-THEATA | 28.83 31.05 35.01 38.29
R 283.774 | 351.322 | 539.1 | 414.638
INTENSITY 929 28 2271 113

C(y)=100/[1+R x1(a)/1(z)]
R=R(y)/R(a)

C(220)/(200)=0.33, C(311)/(200)=0.68
C(220)/(211)=0.27, C(311)/(211)=0.56

Table 4. Volume fraction of retained austenite by
X —ray diffraction

SAMW  BAW(one-pole)SAW (two-pole
WM | HAZ | WM | HAZ | WM | HAZ
As-welded | 0.46 | 1.15 | 2.69 | 2.55 | 1,77 | 2.39

After SR | 0.38 | 1.04 | 3.54 | 2.17 | 1.45 | 2.31
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