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Abstract

In this study, API-X100 steel pipes were welded with various kinds of welding wires in the laser-arc hybrid
welding process. 10kW fiber laser source was combined to MIG arc welding process. APl X-100 steel of
base metal was of 16.9mm thickness, and butt welding applied. After welding, full penetration weld was
acquired by 1-pass welding. A root porosity and the lack of fusion was observed in some welding conditions.
By the mixing the melted wire, acicular ferrite, polygonal ferrite, pro-eutectoid, aligned side plate, and bainite
structures were observed at the weld metal. From the observation of hybrid weld, unmixed zone had more
Ni and Cr. The unmixed zone was a 1/3 area of the weld metal. As the mechanical test of the hybrid welding,
tensile test and impact test applied. From the tensile test, all of the welding except SM70S was fractured
at the base metal. The result of the impact test at -30 degree C led 60J~320J of the absorbed energy. The result
of the low-absorbed energy might be from the coarse equiaxed structures of the weld metal.
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Fig. 1 Joint preparation for butt welding Fig. 83 Schematic diagram of laser-arc hybrid welding
Table 1 Chemical composition of wires (wt.%)
Wire C Si Mn P S Mo Ni Cr \Y
SM-70s 0.08 0.4 0.85 0.014 0.014
Solid SM-80G 0.08 0.5 1.35 | 0.012 | 0.01 | 0.28
wire SM-100 0.08 0.5 1.65 0.3 1.5 0.3 0.1
SM-110 0.1 0.75 1.8 0.55 2 0.3
Flux Cored sC-81 0.03 | 035 | 1.25 | 0.011 | 0.012 0.95
wire SC-91K2 0.04 0.35 1.35 0.012 0.011 0.09 1.5
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Fig. 4 Cross section of laser-arc hybrid welds
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Fig. 5 Microstructures of laser-arc hybrid welds

Table 2 Microstructural composition(%)

Wire |Acicular| Polygonal |Proeutectoid sﬁlelg;eie Bainite
SM-70s| 79.6 0.7 0.2 0 19.5
SM-80G| 85.7 6.1 4.1 1.8 0.5
SC-81 | 94.5 2.6 1.2 0.5 1.3
SC-91K2 87.2 8.7 0 0 5.8
SM-100| 95.3 0.8 2.4 1.5 0
SM-110| 80.83 2 0.7 0 16.5
Table 2 &334 U]/H]Z:Z]E &4 SfolojE =

HYEAG Aelt. EolN 2

EE gfolo]

T Aol FdsEte]

S50l e} 80~05%5] Aol ez

439



10
slom, uslAE 2FAselE, szl EAel=
Felol2 % ol ifo] =g

iAoz PseelEr nigr IR Ay

e MR, W A
BT Ao® Huwy itk 53], A% Aol
&l isle] B A77F XPHA=E, 1 F Zhang
% )2 60~80%, Dallam 5%€ 90%= Husla i}
dutd oz ga3F4 U Mn, Ni ¥ Sie 4= ¢
A BAZS 7, Evans”e &HF <A g
Mn¥ Ni9] ggfA Nie] 0 wt%<l 274 Mne]
1.4%% 3% 7MY £ A& BRlva ol w=et

E&t
or[

Nie #/dHge|ES FXA1A A4S FIA7IY Mn
o] FuAgoz Qsled & AWIE HAY =
AMnol 7§ Nio] 71ed4s oAkl MEM
IMnSl 7% Nio] S71E QAo otdeks nxl
o} w3 AAE ol ESRE 0~0.5 wt% NiZHA = 5
5 e 9 fdasitl O o)F Ivteke AYE B
oIt}

Sie AR/AEE A A4S A 7e Ao
2 gEA geon 53| gRAQ 24 mele|lERY
HE S £3A]7)a, gadgo] 22 AF LAHUolE
2 fdsiel M-AHEIE 2247100

Fig. 69|x¢} Zo] Lepera solutions #-&3+ 2
% CG-HAZE A9 825, FG-HAZ, ZA A
M/A constituent7} #HZe] =AUt} o]y Ay
CG-HAZS] 7% AC3 &xo]de] o)A dAz]s
£t Z9= S3l] M/A constituent7} Eai7F E907]

ol Aoz Algdr)

S otolo] ==

@9, wlelA solels 8% el MEY e
a8t

glelslr] 93 EPMA 245 4

Fig. 6 Lepera solution applied microstructures of
laser-arc hybrid welds
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Fig. 8 Micro-hardness of laser-arc hybrid weld
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Fig. 9 Tensile strength and elongation of weld
with welding wires
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Fig. 10 Charpy impact energy of weld with welding
wires
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