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ABSTRACT: The work aims to improve the weld quality of T2 copper laser welding and improve the mechanical properties of
T2 copper lap welding joint through laser beam oscillation. The weld formation of T2 copper lap welding joint was compared

under different oscillating modes. The effects of oscillating frequency and oscillating amplitude on the joint cross section shape
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in circular oscillating mode were tested. The microstructure was observed and analyzed with microscope and the effects of os-
cillating parameters on microhardness and shear resistance were studied. Finally, the best combination of parameters was ob-
tained. The results showed that compared with conventional laser welding and transverse and infinite oscillating mode, the T2
copper weld in circular oscillating mode had the best formation. In the circular oscillating mode, the oscillating frequency in-
creased from 100 Hz to 600 Hz, and the weld depth decreased correspondingly, while the weld depth changed little. When the
oscillating amplitude increased from 0 mm to 2 mm, the weld depth decreased and the weld depth increased. Generally, the
fracture form of joint was weld edge fracture and equiaxed grain increased in the beam oscillating remelting area of joint. When
the oscillating frequency increased from 100 Hz to 500 Hz, the interface weld depth changed little, the microhardness increased
correspondingly, the joint was strengthened and the shear resistance increased from 2.07 kN to 2.32 kN. When the oscillating
amplitude increased from 0 mm to 1.2 mm, the microhardness decreased to some extent, the interface weld depth increased from
0.332 mm to 1.347 mm, and the shear resistance increased from 1.35 kN to 2.36 kN. In the circular beam oscillating mode, when
A=1 mm, f=300 Hz or =300 Hz, | mm<A< 1.5 mm, the weld quality of T2 copper surface can be significantly improved. The
laser beam oscillation is beneficial to increase interface weld depth and improve the mechanical properties of the T2 copper lap
welding joint.

KEY WORDS: T2 copper; laser lap welding; beam oscillation; weld formation; microhardness; interface weld depth; mechani-
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Tab.1 Main chemical compositions of T2 copper
Element Cu Bi As Fe Pb S
Mass fraction/% =99.9 =0.001 =0.002 =0.002 =0.005 =0.005 =0.005
200 mm 100 mm la
15 L/min
10° 1b 3
2
800" 2000"
FBC13

Laser beam

a WOt R B

Welding direction

Circular oscillating path

AN
NSOV

Infinite oscillating path

LN

Transverse oscillating path

Y

Y

Laser beam oscillating pattern

Without oscillation

b BOLHLE A

Y

1
Fig.1 Welding diagram: a) schematic diagram of laser
oscillating welding; b) schematic diagram of laser
beam motion path

20 mm

»3
< >

60 mm

2
Fig.2 Size of tensile specimen

2 HERESH

21 RREBEHAXREBEHSEIREIRE
iz lok A1)

P=1400 W v=30 mm/s Af=0 mm
15 L/min
P=2 000 W
v=30 mm/s Af=0 mm 15 L/min
A 0.2~2 mm f
100~600 Hz
P 1400 2000 W
v=30 mm/s Af=0 mm 15 L/min
3
4
100 Hz
1b
5
=0.5 mm
=2 mm

A=l mm f=300Hz f=300Hz | mm=A=<1.5mm



134 2023

a P=1400 W b P=2 000 W
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Fig.3 Effects of conventional laser welding on weld morphology
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4 A=1 mm
Fig.4 Effects of circularly oscillating frequency on weld morphology (A=1 mm)
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Fig.5 Effects of circularly oscillating amplitude on weld morphology (f=300 Hz)
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Fig.10 Effects of circular oscillating frequency on cross section of weld (A=1 mm)
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BM:base metal FEGZ: fine equiaxed grain zone

HAZ:heat affected zone CEGZ: coarse equiaxed grain zone
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Fig.17 Section position and section microstructure (f=100 Hz, A=1 mm): a) surface weld of section I ; b) microstructure of sec-
tion I ; c) surface weld of section II ; d) microstructure of section Il
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