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Contrasting Study on Quality of SUS301L-HT Jointsin Fiber Laser
Welding and MIG Welding
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Abstract Fiber laser welding and metal—-inert gas (MIG) welding of SUS301L-HT sheets with 2 mm thickness are
carried out, and differences in welding formation, microstructure and mechanical properties between two types
of joints are researched and compared. Welding formation of two types joints is different from each other, and
formation of laser welding joint is better than that of MIG welding joint. Stable and uniform welding formation is
acquired in fiber laser welding process and almost no angular distortion is found in laser welding joint and width
of beads and heat affected zone (HAZ) is narrow. Microstructure of laser welding joints is quite different from that
of MIG welding joint. Microstructure of laser welding bead consists of fine columnar austenitic dendritic crystals
and interdendritic & ferrite, and size of grain grows a little in HAZ; phase composition of MIG welding bead contains
massive austenitic and a little 8 ferrite, and microstructure in HAZ gets different obviously as distance from fusion
line changes. Mechanical properties of two types joints are different. Tensile property of laser welding joint is much
better than that of MIG welding joint. Tensile sample of laser welding joint breaks at bead, in tensile experiment,
in a classical ductile way, ductility of the joint is up to 48.2%, and tensile strength is up to 979.1 MPa.
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Table 1 Composition of base metal and welding wire (mass fraction, %)

Element o (C) o (Si) ® (Mn) o (P) o (9) o (Ni) o (Cr) o (N) o (Fe)
SUS301L <0.03 <1.0 <20 <0.045 <0.03 8~10.5 18~20 <0.02 Bal
ER301 <0.15 <1.0 <20 <0.045 <0.03 6.0~8.0 16~18 — Bal

R P 2 B A I 1 TR . I8 1(a) /& TPG YLR-4000 647306 88 L 1% 80O %8 00 5 Ry i o)
KON 4 kW, HOGE SR E R A ORI R A KON 250 mm, B AN 0.3 mm, OB KN 1.07 pm,
& 1(b)MIG FR K L Y5 A Fronius TPS4000 1 28 H J , TPS4000 33 A% F 5 AT L 52 R AL 37 L B 16 22 1o J3 — A qk
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B EZIRB B . (a) IPGA000DLLFHOLAR; (b) R EHTIRHL; () ABBAREEHLAT A
Fig.1 Main experimental equipments. (a) Fiber laser IPG4000; (b) Fronius welding machine; (¢) ABB Welding robot
2 HOCR L Z S8

Table 2 Parameters of laser welding

Parameter Value
Laser power 3500 W
Welding speed 3.0 m/min
Defocus distance +4 mm
Shielding gas (pure Ar) flow rate 45 L/min

0703003-2



S I S
P, 1(c)J ABB IRB4400/60 2 ALAR A, HL# A B 40 22 1 5 /& 60 kg, T8 RS 2 0.07 mm. OGR4
MIG 45 ) E SR E R 2 R 3R .
R3MIGHTZEH
Table 3 Parameters of MIG welding

Parameter Value
Welding current 200 A (Pulse)
Welding speed 0.3 m/min
Feeding speed 4.1 m/min
Wire extension 17 mm
Arc length correction 17%
Shielding gas (pure Ar) flow rate 45 L/min
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Fig.2 Surface of beads. (a) Front surface of laser welding bead; (b) back surface of laser welding bead;
(c) front surface of MIG welding bead; (d) back surface of MIG welding bead
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Fig.3 Cross section of welding beads. (a) Cross section of laser welding bead; (b) cross section of MIG welding bead
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Fig.4 Angular distortion of welding joints. (a) Angular distortion of laser welding joints; (b) angular distortion of MIG welding joints
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Fig.5 Diagram of angular distortion formation of MIG welding joints
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Fig.6 Microstructure of base metal
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Fig.7 Microstructure of laser welding bead. (a) Microstructure of fusion center area; (b) microstructure of MIG welding bead fusion area
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Fig.8 Pseudo phase portrait of stainless steel
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Fig.9 Microstructure of HAZ of MIG welding joints
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Fig.10 Microstructure of HAZ of MIG welding joints
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Fig.11 Microhardness distribution of laser welding bead. (a) Longitudinal distribution of microhardness;

(b) transverse distribution of microhardness
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Fig.12 Microhardness distribution of MIG welding bead. (a) Longitudinal distribution of microhardness;

(b) transverse distribution of microhardness
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Fig.13 Tensile curve of joints and fracture location. (a) Tensile curve of laser welding joint; (b) tensile curve of MIG welding joint
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Fig.14 Tensile fracture of laser welding joint. (a) Low magnification morphology of fracture;

(b) high magnification morphology of fracture
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Fig.15 Tensile fracture of MIG welding joint. (a) Low magnification morphology of top side fracture; (b) high magnification morphology

of top side fracture; (¢) low magnification morphology of low part fracture; (d) high magnification morphology of low part fracture
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