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Abstract In order to reduce the distractions of plasma plume in laser welding and expand the applications of high
power laser welding, the characteristics of bead formation and plasma plume in fiber laser welding under vacuum
are studied. The results show that the sound bead formations and an increase in penetration depth are obtained.
The penetration depth under vacuum is approximately three times as deep as that under atmospheric pressure when
the welding speed is 0.5 m/min. The experimental results also show that the penetration depth increases drastically
with the pressure decreasing under a low welding speed and a long negative defocused distance is suitable for a
deep penetration and a sound weld beam formation under vacuum. The camera observations show that the plasma
plume is suppressed under vacuum. The suppression of plasma plume under vacuum is a reason for the increase
in penetration depth under vacuum.
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Fig.1 Schematic diagram of the experimental setup for laser welding under vacuum
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Table 1 Chemical composition of 10Ni5CrMoV (mass fraction, %)

C Si Mn P S Ni Cr A% Mo
0.078 0.28 0.60 0.009 0.003 4.66 0.55 0.06 0.38
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Table 2 Surface bead formations under different ambient pressures

Ambient pressure /Pa Surface bead formation
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Table 3 Weld seams at various welding speeds and ambient pressures

Ambient pressure /Pa

10° 10° 107

Welding speed /(m/min)

0.5
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Fig.2 Effects of welding speed and ambient pressure on penetration depth
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Fig.3 Effects of defocused distance and ambient pressure on penetration depth
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Fig.4 Typical weld seam (laser power P=5 kW, welding speed ¥=1 m/min). (a) Ambient pressure is 10° Pa,
defocused distance f=0; (b) ambient pressure is 10" Pa, defocused distance f=—=6 mm
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Table 4 Plasma plume under different ambient pressures

Ambient pressure /Pa 5x10°* 5x10° 5x10°
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