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A Study on Thermal Analysis of Dual Beam
Laser Welding of Thin Metal Sheet

Jae-Woong Kim*
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Abstract

Analytical model for the temperature distribution and the cooling rate of weld in dual beam
laser welding is presented for investigating the possibility of controling the cooling rate. The
model is based on the solutions to the problem of heat flow due to the distributed and line heat
sources for preheating and welding respectively in plates with finite thickness. The effects of
beam power, beam distribution parameter, interbeam distance, and welding speed on the
resulting temperature distribution and cooling rate are presented.

The cooling rates of dual beam laser weld at the weld centerline under the investigated
conditions are reduced to as one third of those of welds which were produced by single beam
laser. And it appeared that the cooling rate of dual beam laser weld is strongly dependent on
the process parameters of preheating laser beam power and welding speed.
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Fig. 1 Schematic of the dual-beam laser welding
system
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Table 1. Physical properties of mild steel” and
process parameters used in computation

Thermal Conductivity (k) 24 W/m K
Thermal Diffusivity (@) 5.0%10°m%/s
Initial Temperature (Ty) 20T

Melting Temperature (T,,) 1500C
Preheating Power (P,) Variable
Welding Power (P,) 2kW

Laser Absorptivity for Preheating (0,) | 15%

Laser Absorptivity for Kevhole Welding (7,) | Variable
1, 2, 3mm
40mm/s - 80mm/s

Gaussian Distribution Parameter (a)

Weldding Speed

Inter-Beam Distance Variable {0, 5, 10, 15mm)
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(b) Isothermal lines

Fig. 3 Temperature distribution of dual laser beam
weld at the workpiece surface (P=1800W, P
~=2000W, d=10mm, a=lmm, and welding
velocity (v) =60mm/sec) )
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Fig. 4 Isothermal lines due to various preheating
laser beam powers in the plane y=0 (a=lmm
and v=60 mm/s)
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Fig. 5 Preheating temperature distributions at the
weld center line on the top and back
surfaces due to various preheating powers
(a=1mm and v=60mm/s)
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Fig. 7 Preheating temperature distributions at the
weld center line due to various preheating
powers and its distribution parameters
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Fig. 8 Cooling rates of dual beam laser weld at the
weld center line on the top surface due to
various preheating powers and distribution
parameters (P.=2000W, v=60mm/s)
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Fig. 9 Preheating temperature distributions at the
weld center line due to various distribution
parameters of preheating laser beam (v=
60mm/s)
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Fig. 10 Cooling rates of dual beam laser weld at the
weld center line on the top surface due to

various distribution parameters of
prcheating  laser beam  (P.=2000W, v=
60mm/s)
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Cooling rates of dual beam laser weld at the
weld center line on the top surface due to
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