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Radial Dimension of Keyhole and its Dynamic Characteristics
in Laser Deep Penetration Welding
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Abstract The radial keyhole size is acquired by processing the coaxial image of keyhole captured in Nd: YAG
continuous wave (CW) laser deep penetration welding, and its dynamic characteristics are studied in this paper. The
studied results show that the radial dimension of keyhole increases with laser power for partial penetration, while it
is nearly unvaried when the workpiece is fully penetrated. With welding speed increasing, the radial width of
keyhole monotonously decreases, but radial length of keyhole will be fluctuated. In certain range of defocusing

distance, if laser intensity is high enough, the expansion of irradiated area by laser beam can make the radial keyhole
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size synchronously increase with laser spot.

Key words laser techngiue; Nd: YAG laser welding; deep penetration welding; coaxial visual sensing; keyhole;

radial dimension; dynamic characteristics
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Table 1 Experimental conditions

Parameters Values
Laser power Q /W 900~1700
Welding speed V /(mm/s) 10~60
Defocusing distance Az /mm —4,5~5

Coaxial shielding gas Ar

Flux of shielding gas U/ (1/min) 20, 25
Experimental material Q235 carbon steel
Dimension of workpiece

(LXBXh)

300 mmX 100 mmX 2 mm
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Fig. 1 Schematic diagram of coaxial visual sensing system
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Fig. 2 Extracted inner and outer edges of keyhole and their
fitted curves (Q=1200 W, V=10 mm/s, Az=0 mm)
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Fig. 3 Variation of radial dimension of keyhole with laser power (a) (V=30 mm/s, Az=0 mm,U;=20 |/min),(b) with welding

speed (Q=1250W, AZ=0 mm, U,;=20 1/min), (c) with defocusing distance (Q=1500 W, V=30 mm/s, U;=25 1/min)
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Table 2 Comparisons of variation of radical size

of keyhole edges

Welding Keyhole  Relative variance ratio /%
parameters edges Width Length
Inner edge 8.4 6.0
Laser power
Outer edge 8.6 4.1
Welding Inner edge 29.8 13.3
speed Outer edge 26.0 13.0
Defocusing Inner edge 24,7 25.0
distance Outer edge 31.4 29.1
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