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Multi-phase Flow Modelling of Laser Cladding Process with
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Abstract: During the laser cladding process, the transport phenomenon in the molten pool are complex including intense
energy input, mass addition, strong fluid flow, rapid solidification, melting and species transport. In order to simulate the
process of depositing T15 powders on 42CrMo base steel through laser cladding, a multiphase species transport model was
developed in which CLSVOF method was adopted to capture the gas-liquid interface and source terms were precisely added
under the interface serving as the energy input and mass addition. The model was validated by several characteristic
parameters of cladding layers obtained by single track cladding experiments. As the sulphur content of T15 was relatively
high, which changed the direction of Marangoni force, the molten pool showed an obvious inward flow pattern. Results show
that high temperature fluids are driven downward and consequently a deep fusion penetration is achieved. The consistence of
charactistic parameters including cladding height, depth and dilution between experiment and simulation results under different
process parameters indicate that the model is operative in investigating the laser cladding process.
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Table | Material composition of 42CrMo and T15 (W/%)
Element Fe C Co Cr Mn w A% S
42CrMo Bal. 0.42 0.9 0.8 0.04
T15 Bal. 1.60 5.00 4.0 0.3 12.0 4.9 0.04
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Table 2 Process parameters of single track experiments

Sample Laser power / Scan spej:d / Feed spe:e]d /
W (mm-s™) (g'min")
No.1 600 6 3.6
No.2 600 6 4.5
No.3 600 8 45
No.4 600 10 5.4
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Table 3 Thermophysical properties of T15 and 42CrMo

Properties T15 42CrMo
Solidus temperature / K 1603 1690
Liquidus temperature / K 1630 1730
Density / (kg'm™) 7780 7780
Effective viscosity / (Pa-s) 0.06 0.06
Latent heat / (kJ-kg™) 250 250
Effective thermal conductivity of solid / 40 40

(W-m™"K™)
Effective thermal conductivity of liquid / 209.2 209.2
(W-m"K™
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Table 4 Comparison of charactistic parameters between experiment and simulation results

Height Depth Dilution
Sample
Exp/pum  Sim/pm  Deviation/ % Exp/pum  Sim/pm  Deviation/ % Exp/% Sim/%  Deviation / %
No.1 360 342 —5.0 343 361 5.2 39.7 38 —4.3
No.2 477 420 —-12.0 238 251 5.5 239 27 13.0
No.3 386 396 2.6 245 262 6.6 29.5 30 1.7
No.4 386 368 —4.7 193 160 -17.0 232 22 =52
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