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Thick High Tensile Strength Steel Plate Fully-penetrated by Laser-CO, Gas Shielded arc Hybrid Welding
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In this study, a high power disk laser and CO, gas shielded arc hybrid welding process was established to weld 780
MPa high tensile strength steel plates of 25 mm in thickness. The effects of welding conditions such as laser power,
root gap and arc characteristic on the weld bead geometry and welding defects were studied. The results showed that
sound weld joints could be obtained by hybrid welding procedure with either double-sided or one-sided two passes.
The range of welding conditions for the production of a good weld bead on the bottom surface became much wider at
the increased root gap in one-sided first pass hybrid welding. Optimizing the welding speed and laser power in the
second pass hybrid welding could prevent the formation of cracks. If the partial penetration weld was extremely deep,
cracks might occur in the second pass hybrid weld. Therefore, the appropriate penetration in the second pass welding

could produce a sound full penetration weld bead by remelting the cracks which had occurred in the first hybrid weld

bead.
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Table 1 Chemical compositions of high tensile strength steel
and wire.

Chemical compositions (mass%)
C Si  Mn P S Others Fe

Materials

Base

HT780 [ 0.09 0.21 0.95 0.006 0.002 2.00 Bal.
metal

2.22% Ni

Wire MG-80|0.08 0.38 1.25 0.009 0.011 0.63% Mo

Bal.

Optical fiber
(Core diameter: ¢ 200 pm)

’ Disk laser
Peak power: 16 kW

Wavelength: 1,030 nm
BPP: 8 mm*mrad

LASER
rubisk 16002

Wire feeder
¢ 1.2 mm, MG-80

Laser head

Shielding gas
100%CO, (30 L/min)

Arc power supply
Panasonic (350GE2)
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Fig. 1 Schematic experimental setup of laser-CO, gas arc hy- Fig. 2 Schematic of setup conditions for laser and arc hybrid
brid welding. welding.
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Fig. 3 Surface appearances and cross sections of weld beads produced by laser-CO, gas arc hybrid welding for I-butt joints at vari-

ous welding currents.
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Fig. 4 Surface appearances of weld beads produced by laser-CO, gas arc hybrid welding for I-butt joints at various gaps.
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Fig. 5 Surface appearances of weld beads produced by laser-CO, gas arc hybrid welding for I-butt joints at various welding speeds.
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Fig. 6 Surface appearances and cross sections of weld beads
produced by laser-CO, gas arc hybrid welding under
two-sided two passes.

ZZTAREITIE, RE2HD 232N 7)) v FiE#%
frofe. ¥, 1 /SAHTREZERY - FE{FRT L 2
ERHME LT, BEMIIIESEATT LB ORE

T LEELY —-5Smm 25 — 18 mm F TEILIHET1 /%4
HONA 7Yy RIEHEEIT- 72, BONEEY— Fost
Blp X OWHEIRZ Fig. 712773, —5mm 2*5 — 14 mm
FTOHFIZBWT, EEBEEHIMEOoNLZ Lbhro
Foo F7o BT LY ~ A S ALANIEME S5 &,
EHTONZE Y 7P YHESN, —14mm TEEIFZ2E
HROBEHE Y — F2E LNz L, Eaidd L
HETESD - 18 mm T, #H5EAROREBEETD
e L7z, Shud, BRI O L — 8T —BEIME L o
S EIZED, L= —AIlLk A F K- RS
2R, F=FR—VKEICHRFF SN L —F2MET L
el EEZ NS, B, —14mm OGE, BESRE
OHRRIRIZEINAFEE L7z, F 72, ST ARG OLA,
BEEBRTHICENDPRET LI ENLENT ENDbr-o



156 RS Wk, KE, N, Al EIRDEIER O L — W - RKERT AT — 7 N4 7)) v FERI BT B AR

P =16 kW, v =1.5 m/min, gap = 0.7 mm, 300 A/ 24 V, AL =4 mm, 100%CO,
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Fig. 7 Surface appearances and cross sections of weld beads produced by hybrid welding for I-butt joints at various defocused dis-

tances.
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Fig. 8 Surface appearances and cross sections of weld beads produced by hybrid welding for I-butt joints at various gaps.
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Fig. 9 Bottom surface appearances and cross sections of weld
beads produced by hybrid welding for I-butt joints with
different gaps at various welding currents.
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Figure 10 (a) Figure 10 (b)
Parameter
Firstpass | Second pass | First pass Second pass
Laser power 16 kW 12 kW 16 kW 8 kW
Gap 0.7 mm — 0.7 mm —

Welding speed 1.5 m/min 1.5 m/min 1.5 m/min 0.8 m/min
Welding current 300 A 350 A 300 A 200A

Focal position -14 mm -1 mm -14 mm -1 mm

(b)

Fig. 10 Cross sections of weld beads produced by laser-CO,
gas arc hybrid welding at one-sided two passes.
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- Base material_

Fig. 11 Horizontal section of hybrid weld, showing discontinue
ous cracks along weld bead centerline.

Overview of crack fractography Area 1 I Area 2

Fig. 12 SEM observation photos, showing crack surface and
artifi cially-fractured surface of hybrid weld fusion
zone.
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