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Multi-field coupling numerical simulation and experimental
research on the laser cladding process of nodular cast iron
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Abstract: The nodular cast iron has great strength and toughness, which is widely used in the industrial

fields. In the casting process, some defects such as cracks, shrinkage and pores will be inevitably appeared.
It is difficult to repair and strengthen the workpieces of nodular cast iron by traditional techniques. As an
emerging surface strengthening technology, laser cladding has the characteristics of small heat-affected
zone and controllable cladding dilution rate, which can effectively reduce the surface defects of the nodular
cast iron. Quantitatively revealing the coupling mechanism between the material-technology-structure-
property in the cladding process can provide an important theoretical basis for reducing the cladding
defects. In this study, a multi-field coupled numerical model for the laser cladding of nickel-based and
cobalt-based powders on the nodular cast iron substrates was established. Considering the light-powder
effect and the effect of molten pool surface tension and buoyancy on the flow of liquid metal, the transient
evolution law of the temperature field, flow field and stress field of the cladding were revealed. The
correlation of multi-track and multi-layer cladding processes, and the damage mechanism of pitting
corrosion on the cladding layer were all discussed, which provides a theoretical basis for producing the
high-quality cladding layers. The micro- characterization experiments of materials science were carried out
to verify the validity of the model. The calculation shows that the maximum temperature of the cladding is
located at the center of the spot, which is 3130K. The flow velocity of the molten pool is characterized by
the small center and large edges. The residual stress is distributed in a "band-like" distribution. The wear
resistance of substrates and cladding layers can be ordered as follows: Col2 cladding layer> IN625
cladding layer> QT600 substrate.
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