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A Study on the Heat Flow in Laser Welding of steel Sheet of the
Different Thickness

ABSTRACT

Laser welded blanks are finding increased usage in many industrial applications,
made of different sheet thickness or different material strengths joined together.

which are
In this study

the heat flow problem in laser welding of the different steel sheet thickness was solved

by using a finite element method,
the validity of the numerical method.
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and a series of experiments wers carried out to confirm

Different Sheet Thickness(F#7}
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Welding
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T : Temperature [°C]

k : Heat conduction coefficient [J /s m °C)

: Internal heat generation rate unit volume
7/ m3]

p : density [kg / m®]

¢ : specific heat [J / kg °C]

t: time [sec]
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n T, : Initial temperature [°C]
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Schematics )
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g : Heat flow rate per unit area [J /s mzl

T, : Surface temperature [°C]
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Fig. 3 Schematic diagram of solution domain and
cordinate system for analysis of similar
square butt welding
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T(xy,zt)=T(x-vt,y.z) (7)
v = the speed of the heat source [m / s]

X% = spatial coodinates
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g(z) = the power transfered into the

substrate [J /s m?]

Q=nmp
n = the efficiency coefficient
P = the laser beam power [W]
D = the specimen thickness [m]

Ye= the radius of keyhole [m]
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hs = the natural convection coefficient Fig. 4 Schematic diagram of solution domain and

7/ m?s °C] cordinate system for analysis of different
k = the themal conductivity [J /s m °C] thickness square butt, flush welding
Ta = the atmospheric temperature [°C]

D = the specimen thickness [m]
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Fig. 5 Schematic diagrain of solution domain and
cordinate system for analysis of different
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Table 1. Welding Conditions
Thickness Power Travel o
Sample# (mm) (kW) (mm/s) Description
1 13.0-13.0 12.0 12.7 Experiment by Moon(8)
2 0.8-0.8 2.5 200.0 butt joint
3 2.0-0.8 3.0 76. 2 flush side heating
4 2.0-0.8 3.0 67.7 step side heating
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Fig.8 Shapes of experimental
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Table 2. Fusion Zone and HAZ Areas

AA A2E

(1994. 49)
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Fig.9 Shapes of experimental and predicted

fusion and HAZ for sample #4(3kW,
67. 7mm/sec)

(Power x Fusion Zone Area(mm?) HAZ Area(mm?)
Sample# Efficiency) /Speed Calculatied Experiment Calculatied Experiment
1 472.4 34, 473* 37.181* ok ¥
2 6.3 0. 289 0.319 0.600 0.536
3 19.7 0.199 0.193 0.381 0. 385
4 22.1 0.202 0.186 0.435 0.414

*..From Moon and Metzbhower(8],

no HAZ data available
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Fig. 11 Calculated thermal cycles for sample #3
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