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Fundamental Study on Fiber Laser-MIG Arc Hybrid Weldability of Pure Titanium
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Hybrid welding process of 10 kW class fiber laser and pulsed metal inert gas (MIG) arc was applied to pure titanium plates
with thickness of 12 mm, and the hybrid weldability of the pure titanium thick plates was investigated in the present study. It is
found that sound welded joints with good bead appearance and high tensile strength are available by single pass welding from
both sides using the optimized welding parameters. The hardness of both weld metal and heat affected zone is slightly higher than
that of base metal. Laser focal position is an important parameter, and welding spatter and defects can be remarkably reduced or

prevented by focusing laser beam on back side of titanium plate.
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Table 1 Chemical composition of specimen used.

Chemical composition (mass%)
Material

Mn Fe C Ti H N

TP340H 0.07 0.01 0.02 0.00 Bal.

Table 2 Chemical composition of welding wire used.

Chemical composition (mass%)

Solid wire

(0] H N C Fe

S Ti 0120] 0.12 0.003 0.005 0.01 0.03
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Fig. 1 Setup of 10 kW fiber laser head and MIG arc torch for
hybrid welding.

H & & & ¥ 2 5t(2013)

w7 &

71Z DC500A A v /N—REH OOV A I 7T — 7 5% H
W, PIVAT =R T o7 BEELIN Ty PRk
vy F#%& Fig. 11ZRd. UV—YR3EE) D 10°HR M T,
T — 7 3 EE, D R GG THEEY T /2. VL —TFE—
MBEDT 7 A N—£81F 0.3 mm, ELFERET 310 mm, £
BB TOVY — AL 048 mm THA. N7 v FEEE
137 — 7% 78 (Fig. 112779 Trailing shield nozzle % 4%
BoOfE EMIG F—FlICHET 500 HETH > 72720
AL TRV —FERITOBET 4T > T W») TTW, —
e 7 — 7 BERET 2mm TREEL, VA TYREHLESD
15 mm TREIE L 7. BEAHE S L TEGHIY T A —fK
IZ &> TR LA RZEL, 72 VICXDBEE T 7.
V=)V R A Ar 7 W, iExE F—F v —IL Fid
30L/min, FV—YU V7Y=L FiZ50L/min, Ny 73—
JVFIF30L/min & L7z, KBTI, FICE—-—FA VT
V— 1T 7o RedBEZ 75561003, Al
I RBAEIN L& 1T - 7o, Ehageth%n % £ T Table 3 IR 7.

WA B E, XRERTE, ~7uklU03x 70
BRI L VBT OENFE O RMAEDOTHI 1T - /2. <
7 O BIES, B, WRKRE L T vk, Ml LU
REKEABEERL:1:8ORAREAVRHAEERZRE
L CfT-7c. 37 OAMELEIE, HFES, T TRER
e, n-7FINTINaA—VEBLTAX ) =)V EEBEEKL1:7:
10 DR AW T 25V OEE T 30 B O & EUHE « i
L, FEoBaRRY AW TREREYEEL TUT- 7. B
WMo SR BRI~ A 70y I —AWEFHT LD W 0.98
N (FF5REfE 15 8) T - 72

EHRRT ORI E 2 5Hii 9 5 7212, Fig. 219
EIZIRO JIS Z 2241 14B 5ikBk k- (RE A BT /% 5 & THE
Bl % A T& SN 3 R T o5kl a1 - 7. AR E
FHIRT, 7IREEGFEOBEEE) L, 3.33x1072mm/s
ThHh.

Table 3 Parameters for hybrid welding.

Power 6~10 kW
Laser
Defocused distance —18~0 mm
Current 150 A
MIG arc
Shield gas Pure Ar

Welding speed 2~4 m/min

Laser-MIG distance 2 mm

Wire extension 15 mm

Welding direction Arc leading and laser trailing
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Fig. 2 Dimensions of test pieces for the tensile test.
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Fig. 4 Effects of focus position on spatter and penetration
depth.
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Fig. 3 Weld bead appearances, X-ray radiographs, cross sections and penetration depth of weld beads by hybrid welding of pure
titanium plate of 12 mm in thickness with different focus positions at 10 kW, 2 m/min, 150 A.
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Fig. 5 Weld bead appearances, X-ray radiographs, cross
sections and penetration depth of weld beads by hybrid welding
of pure titanium plate of 12 mm in thickness with different laser
powers at 2 m/min, 150 A, fg= —12 mm.
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Fig. 6 Weld bead appearances, X-ray radiographs, cross
sections and penetration depth of weld beads by hybrid welding
of pure titanium plate of 12 mm in thickness with different
welding speed at 10 kW, 150 A, fy= —12 mm.
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Fig. 7 Bead appearances, X-ray radiographs and cross
sections of one pass both side weld beads by hybrid welding of
pure titanium plate of 12 mm in thickness at 10 kW, 150 A, 2
m/min and f3= —12 mm.

Fig. 8 Low magnification overview and microstructure of
various regions in one pass both side weld beads by hybrid
welding of pure titanium plate of 12 mm in thickness at 10 kW,
150 A, 2 m/min and fy= —12 mm.
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Fig. 9 Hardness distributions at the different positions on the
cross sections of one pass both side weld beads by hybrid weld-
ing of pure titanium plate of 12 mm in thickness at 10 kW, 150
A, 2m/min and fg= — 12 mm.

Table 4 Concentrations of oxygen, hydrogen, and nitrogen in
hybrid weld at 10 kW, 150 A, 2 m/min, fg= — 12 mm.

Chemical composition (mass%)
(6] H N Ti
0.0065 Bal

Weld metal 0.11 0.0015
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Fig. 10 Appearance of tested specimens of one pass both side
weld beads by hybrid welding of pure titanium plate of 12 mm
in thickness at 10 kW, 150 A, 2 m/min and fg= — 12 mm.
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