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Stainless Steel Sheets

Heat Source Model for Non-Penetration Laser Lap Welding of
Abstract
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source proportionality coefficients are 0.85 and 0.70, respectively

Key words

Based on the actual weld shape from stainless steel sheets with non-penetration CO, laser lap welding and
fiber laser lap welding, by taking the Gaussian-plane+ cylinder-body composite heat source model, the obtained heat

— .

By correctly setting the other four parameters
source parameters; weld shape characterization parameters
1 =

for describing heat source, including the radius and the depth of Gaussian heat source, and the radius and the depth
140.3510; 350.3390; 140.3390

of cylinder heat source, the change laws of weld shape characterization parameters (surface seam width, middle
weld width and weld penetration) of lap welds can be obtained under different welding powers and welding speeds.
The simulation results are well consistent with the experimental results.
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Fig. 1 Finite element model
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Fig. 2 Composite heat source model
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Table 1 Partial performance parameters of SUS301 stainless steel

Density p /(kg/m?*) Poisson ration v Solidus temperature /°C  Melting temperature /°C  Latent heat /(J/kg)
7.996 X 10° 0.30 1280 1450 2.564X10°
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Fig. 3 Changes of material thermal physical constants with temperature. (a) Conductivity;

(b) specific heat capacity; (c) thermal expansion coefficient
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Fig. 4 Characterization parameters of weld shape under lap welding
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Table 2 Influence of heat source distribution coefficient on weld shape

Proportionality Surface seam Middle weld Weld
Weld shape
coefficient /% width /mm width /mm penetration /mm
2 3.96 0.93 ﬁ
30 371 0.98 ﬁ
60 2.75 0.51 0.24
90 1.56 0.97 0.49 “
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Fig. 5 Weld shape of lap welding of 2lap2
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Fig. 6 Simulated and experimental results of weld shape under CO, laser welding. (a) 2lap2, simulation;
(b) 2lap2, experiment; (c) 0.8lap2, simulation; (d) 0.8lap2, experiment
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Table 3 Comparison between simulated and experimental results of characterization parameters of

lap weld shape under lap welding

) . Simulation Experiment
Plate Welding Welding speed - -
Middle weld Weld Middle weld Weld
thickness /mm power P /kW v /(m/min) . . i )
width /mm penetration /mm width /mm penetration /mm
0.8+2 1.75 3.30 0.84 1.39 0.83 1.26
1.5+2 3.05 3.75 0.66 2.07 0.69 2.10
2+2 3.00 3.20 0.70 2.58 0.68 2.43
3+2 3.80 2.90 0.77 4.05 0.64 3.96
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Fig. 7 (a)(c) Simulated and (b)(d) experimental results of weld shape under fiber laser welding

when welding power is 1.3 kW
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Table 4 Comparison between simulated and experimental results of weld shape characterization parameters

under non-penetration laser lap welding

Welding parameter Simulation Experiment
Power / Speed / Surface seam Middle Penetration /  Surface seam Middle Penetration /

kW (m/min) width /mm width /mm mm width /mm width /mm mm
1.3 1.63 0.70 1.46 0.64
1.6 1.77 1.09 1.58 1.06
1.9 1.91 1.32 1.76 1.33
2.2 500 1.96 0.58 2.00 1.81 0.54 2.02
2.5 2.10 0.63 2.36 2.09 0.68 2.38
2.8 2.25 0.60 2.68 2.37 0.65 2.65

6.90 1.67 1.09 1.67 1.12

5.64 1.85 1.33 1.82 1.32
3.0 4,74 1.99 0.38 1.65 1.97 0.45 1.64

4.08 2.10 0.63 2.00 2.00 0.84 1.92

3.60 2.18 0.65 2.48 2.21 0.64 2.38

3.18 2.28 0.69 2.69 2.25 0.54 2.66
1.6 1.92 2.15 1.44 2.11 1.46
1.9 2.28 2.12 0.48 1.71 2.03 0.47 1.72
2.2 2.64 2.10 0.52 2.17 2.05 0.56 2.21
2.8 3.36 2.17 0.72 2.36 2.07 0.64 2.34
3.2 3.84 2.21 0.67 2.48 2.15 0.69 2.44
3.5 4.20 2.25 0.74 2.38 2.02 0.85 2.31
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