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Numerical Simulation of Temperature Field During Laser Transformation
Hardening Vermicular Graphite Cast Iron Based on Beam Discretization
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Abstract Laser transformation hardening of the vermicular graphite cast iron material is numerically simulated
using a two-dimensional discrete 5X 5 lattice spot exhibiting a uniform distribution of the laser heat flux density to
improve the resistance of the material surface to wear and combine strength and toughness. Further, the changes of
temperature field and hardened layer during the hardening process are analyzed by changing the laser power and laser
loading time. The results denote that the distribution pattern of temperature field during the laser transformation
hardening based on beam discretization corresponds to the spatial distribution of the lattice spot. At the end of laser
loading, the center point temperature of each sub-spot reaches the peak value. The center point temperature of the
whole area of the lattice spot is the largest because of the superposition of the temperature field of each sub-spot,
and the temperature distribution along the center point of each sub-spot is wavy. As the depth increases along the
cross section, the temperature gradually decreases, and the overall temperature of the material increases with the
increasing laser power and laser loading time. The hardened layer of each laser spot is crescent-shaped. With an
increase in the laser power, the distribution of the section of the hardened layer remains basically unchanged and
exhibits a discrete distribution. With an increase in the laser loading time, the hardened layer changes from discrete

to integral crescent shape. Additionally, the maximum depth of the hardened layer obtained using a numerical
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simulation increases with the increasing laser power and laser loading time. During the process of laser

transformation hardening, increasing laser power combines strength and toughness between the high hardness of the

laser irradiated reinforced area and the low hardness of the laser non-irradiated non-reinforced area on the surface of

the material while increasing the depth of the hardened layer. Although increasing laser loading time can increase the

depth of the hardened layer, the combination of strength and toughness of the material surface cannot be achieved

because of the cumulative effects of heat conduction on the laser irradiated and non-irradiated areas on the material

surface.
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Table 1 Thermophysical parameters of vermicular graphite cast iron
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5 Heat conductivity
Temperature /°C

coefficient /(W e m '« K1)

Specific heat

Density /(kg * m )
capacity /(J + kg ' « K1) Y 8

25 42.37
200 43.34
400 41.03
600 38.02
800 37.29
1000 35.69
1200 34.89

465 7086
555 7086
645 7086
787 7086
871 7086
978 7086
938 7086
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Fig. 3 Temperature-field distributions.
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Fig. 6 Morphologies of hardened layer with different laser powers™? . (a) P=4500 W; (b) P=5000 W;
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