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the specified conditions in the experiments,

The electrical signals of laser induced plasma from Nd: YAG laser welding of A304 stainless steels are
analysis results of plasma electrical signals are investigated. The waveforms and spectra of plasma electrical signals

detected by a passive electrical probe. The relationship between different laser welding modes and the spectral
OCIS codes

—

are analyzed. The relationship between the formation characteristic of laser welds under different laser welding
=]

modes and the waveforms and spectra of the plasma electrical signals is illustrated. The results indicate that, under
Key words

s
different laser welding modes correspond to different spectral
characteristics of plasma electrical signals. Moreover, whether the welding mode is a deep penetration one or not can

be identified by the spectral intensity E of plasma electrical signals within the scope of 500~1000 Hz. When E is
large enough or exceeds a certain value, the laser welding mode is a deep penetration welding.
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Fig. 2 Cross sections of typical laser welds and their corresponding waveforms of electrical signals.

(al)(a2) Deep penetration welds; (b1)(b2) thermal conduction welds; (cl)(c2) nail-shaped welds

= 0.08 2 = 0.08 b
< 0.06 ( < 0.06 ®
£0.04 £ 004
g‘ 0.02 g‘ 0.02
0 05 10 15 20 25 30 0 05 10 15 20 25 30
Frequency /(10° Hz) Frequency /(10° Hz)

= 0.08
£ 0.06
£0.04
go.oz

0

©

05 10 15 20 25 30
Frequency /(10° Hz)

B3 w5 S A . (o) TR B AR A s (b) 2R SRR AR« (o BT T AR 4%
Fig. 3 Spectra of typical electrical signals. (a) Deep penetration welds; (b) thermal conduction welds;
(¢) nail-shaped welds
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Table 1 Laser welding parameters
Welding speed Shielding gas Deep penetration
Group Power P /W P ) bp E/V
v /(mm/s) flow ¢ /(L/min) weld or not
1 1000 6 20 No 12.31
2 1100 6 20 No 13.62
3 1250 6 20 Yes 23.61
4 1350 6 20 Yes 24.19
5 1250 6 30 Yes 22.41
6 1250 8 30 Yes 21.33
7 1250 10 30 Yes 22.27
8 1250 12 30 Yes 19.63
9 1250 16 30 No 10.90
10 1250 18 30 No 3.36
11 1250 6 15 No 13.34
12 1250 6 10 No 7.52
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Fig. 4 Spectral intensity E of electrical signals for different groups of parameters.

(a) Histogram; (b) relationship between E and energy input (P/v)
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Fig. 5 Cross sections of welds for different groups of tests
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Fig. 6 High-speed-camera pictures of plasma for different groups of test parameters. (a) Group 5; (b) group 3;
(c) group 11; (d) group 12
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