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ABSTRACT The temperature field of multi-layer laser cladding was in situ measured by multiple
thermal couples. It was found that during multi-layer laser cladding, the temperature in the specimen
varies almost periodically and in the first two layers, the temperature varies very sharply. As the
layers were added on, the temperature of the substrate increases and varies more gently. By using
the measured data as the boundary conditions, the temperature field of the specimen was numerically
calculated through finite difference method. The calculation shows that the temperature gradient in
the laser melted pool is about 10°—10% K/m. In addition, for the same processing parameters, the
size of the melted pool increases and the temperature gradient decreases.
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Fig.1 Diagrammatic sketch of the laser direct forming

system

1—Laser beam, 2—Focus length,
3—Powder feeder, 4—Prior passes,
5—Working table, 6—Substrate,
7—Resolidified metal, 8—Melt pool
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Fig.2 Distribution of the six thermal couples on the
stainless steel 316L substrate (mm)
(a) opposite side (b) negative side
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Fig.8 Measured temperature curves at different positions of the stainless steel 316L substrate during multi-layer laser cladding
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Fig.4 Schematic diagram of grid in simulation
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Fig.5 Schematic diagram of the mesh
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Table 1 Thermal parameters of stainless steel 316L[12] gg — . .

Thermel parameters Value
Density p, g/cm3 8.03
Specific heat ¢, J.g~1. K-1 0.5
Coefficient of heat conductivity 0.162
K, W.cm—1.K™!
Melting point @)y, T 1400
® 2 RSN
Table 2 Calculation parameters
Calculation parameter Value
Initial temperature 8y, C 20
Step—size in z direction Az, mm 0.2
Step-size in y direction Ay, mm 0.005
Time step At, s 0.5
Height of single layer h, mm 0.4
Height of substrate H, mm 4
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Fig.6 The numerical result of the temperature field of
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Fig.7 Temperature gradient in laser melt pool
(a) the first layer
(b) the tenth layer
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Fig.8 Evolutions of the temperature gradient G and Gy,

in melting pool
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