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ABSTRACT: In spite of the merits of laser welding being able to obtain the high welding quality such as smaller width of melting and heat
affected zone, smaller welding deformation and fine grains of weldment compared to arc welding, laser welding is mainly used in joining of
thin steel parts of electronics industry. Laser welding is getting widely used in joining thick plate and special kinds of steel due to its high
power. While the arc welding is still applied for 2.25Cr-1Mo steel which is the essential material of atomic power generation equipment, the laser welding is
not yet applied despite its high quality. So it has a trial to a special case demanding high welding quality such as atomic power plant. Accordingly, in this
research, the mechanical properties of weldments by arc and laser welding were investigated using FEM to confirm the applicability of laser welding to
2.25Cr-1Mo steel. The Charphy test was carried out to understand the effect on the fracture toughness of weldments. The results of examination and test of

the mechanical properties showed the validity of this research.
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Wsha, CoElolA §2e) AE Mol gle v & &
4 2718 E 717 s, ol SHAWRY ol F
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Table 1 Chemical Composition of Used Material(%) z
C|S |[Mn| P |S |Cr|Ni|Cu|Mo| V |Nb v &@
0.1298(0.1500|0.4700(0.0080{0.0040| 2.21 | 0.17 | 0.020 | 0.99 | 0.008 | 0.001 12 mm [ &Q
l< >
Table 2 Mechanical Properties of Used Material ! 300 mm !
Yield strength|Tensil strength| Elongation |Reduction area Fig. 1 Configuration of Welded Specimen and Coordinate
(MPa) (MPa) (%) (%)
476 582 30 59
Welding .
Shape of test specimen
process
Table 3 Welding Condition of SMAW Test Specimen
p Current| Volt | Speed Int . nre(C 3I'<5—r2'|n
ass | (a) (V) | (cm/min) [ter-pass tempera e(C)
1 100 22 9.7 , 12 mm
2 [ 125 | 23 | 200 €O laser
3 160 25 34.8 e
4 160 25 329 175410 32(‘)% m
5 160 25 38.7 - < >
6 160 25 329 AWS A5.5
7 160 25 282 16.5 mm
8 | 160 | 25 38.7 E9016-B3 ‘ ‘
9 160 25 27.6 (163~1917) |
10 160 25 30.8 SMAW 12 mm
Back Gauging {.
1 160 25 23.8 ) 300 mm
Table 4 Welding Condition of FCAW Test Specimen 16.5 mm
P Current | Volt| Speed | Inter-pass temperature ‘
ass . o — —
(A) | (V) |(cm/min) (€)
140 28 15.6 FCAW 12 mm|
250 27 27.3
250 27 20.3 200+£15 7 ’
< 300 mm >
Grinding :
4 ‘ 250 ’ 27 ‘ 254 Fig. 2 Welding Configuration and Sequence
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Thickness (t) : Original thickness
Width (W) : < 35 mm
Length (L) : < 250 mm

{a) Specimen of Bending Test
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G - Gage length : 25.0+0.08mm

W - Width :6.25+0.05mm

T - Thickness : 6mm

R - Radius of fillet, min : 6mm

L - Over-all length, min : 100mm

A - Length of reduced section, min : 32mm
B - Length of grip section, min : 32mm

C - Width of grip section, approximate : 10mm
(c) Specimen of Tensile Test(ASTM A370)

Fig. 3 Schematic Specimen for Experiments
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Fig. 5 Boundary Condition for Stress Analysis
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(d) Graphical representation of Charpy test results
Fig. 8 Results of Charpy Test according to the Welding ethod
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(d) Graphical representation of Tensile test results

Fig. 9 Results of Tensile Test in each welds Location | C.T (M) | C.R (Alty )

W.M 3.29 sec 91.2 T/sec

R

. 3.92sec 76.5 T/sec

(a) SMAW

Location | C.7 (Alys) | C.R (AT, 4

W.M 15.50 sec 19.35 T/sec

.13 95 sec

21.51 T/sec

(b) FCAW
(b) FCAW

Location C.T ( )| CR(
ABnsn. AR

W.M 3.14 sec 95.5 T/sec

). HAZ 3.69 sec 81.3 T/sec

(c) CO; Laser

Fig. 10 Results of Bending Test in each welds
(¢) CO» laser welding
3.1.4 0|7l O|M=F
Fig. 112 7 &4 & &85 HAZ 2 =5 o Fig. 11 Microstructures in Weldments
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