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Influence of Beam-Focusing Characteristics on Laser Welding
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Abstract Focal spot shape and size, beam power intensity distribution, convergence angle and depth of focus which are determined
by beam quality and focus system describe the characteristics of focal beam. The influences of these parameters on depth and width of
weld seam are studied in theory and experiment. Results shown that enough power intensity is the precondition of realizing laser
penetration welding. Depth and width of weld seam rely on energy penetrating into materials. With the same processing parameters,
focal spot size decides the acquired power intensity, depth of focus decides the algnment distance and convergence angle has effect on
Fresnel absorption in keyhol wall. All in all, beam-focusing characteristics have effect on results of laser welding with different
energy acquired at different focus beam cross section. In reality application, laser system, focus system and focal spot position should
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be selected according to the practical requirements in order to acquire ideal quality of processing.
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Table 1 Type and beam quality of lasers and focal length and characteristics of focal beam

Laser processing CD035 slab TLF6000t SR 200 CwWo025
system CO, laser CO; laser CO, laser YAG laser
K;/mm * mrad 3.78 8. 67 22.5 25
f /mm 300 200 200 150 250 200
#:/ mrad 29.1 42.5 29.9 39.4 50.0 86. 2
wi/ mm 0.13 0.09 0.29 0.22 0.45 0.29
Zre/ MM 4,47 2,14 9.63 5.58 9. 00 3. 36
L . = 28 & $ *
Beam intensity
profile at focal
spot
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Table 2 Weld results with experiments and calculation

Laser processing CD035 slab TLF6000t SR 200 CWo025
system CQO; laser CO; laser CQO; laser YAG laser
K;/mm * mrad 3.78 8. 67 22.5 25
f/mm 300 200 150 250 200
wy/mm 0.13 0.09 0.22 0.45 0.29
P /kW 3 3 3 5 2
v /(m/min) 3 3 3 3

Weld seam shape

(experiment)
A /mm 2.75 1.38
b /mm 1.19 1.25 1.58 1.69 1.79 1.18
- | A=
Weld seam shape \ / \\ / "%x j
. 3
(calculation) : \/ \ /// | \\ /
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Fig. 3 Sketch map based on geometrical optics of the first two reflections in a cone
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Table 3 Weld seam at different defocus positions of two laser processing systems

Laser processing CD035 slab CWo025
system CO; laser YAG laser
f /mm 300 200
Af /mm —4 —2 0 2 4 —4 —2 0 2 4
P /kW 3 3 3 3 3 2 2 2 2 2
v/ (m/min) 3 3 3 3 3 1 1 1 1 1

Weld seam shape

h /mm 3.38 4,13 4.38 4,63

4,52 1.13 1,86

1.77 1,37

b /mm 1,48 1.25 1.19 1.18

.18 2.09 2.65 2.32 2.63 2.75
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