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Finite element analysis for surface hardening of SM45C round bar by
diode laser
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Abstract

Surface heat treatment of SM45C round bar by diode laser was simulated to find it's condition by
using commercial finite element code MARC. Due to axisymmetric geometry, a quarter of model for
SM45C round bar was considered and user subroutines were applied to boundary condition for the
heat transfer. Material properties such as conductivity, specific heat and mass density were given as a
function of temperature. Rotation speed of round bar and feed rate of beam were considered to design
heat source model. Shape parameter values of heat source were determined by beam profile. As
results, Three dimensional heat source model for diode laser beam conditions of surface hardening has
been designed by the comparison between the finite element analysis results and experimental data on
SM45C round bar. Diode laser surface hardening for SM45C round bar was successfully simulated and
it should be useful to determine optimal heat treatment condition.
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Fig. 3 A quarter of Model of SM45C round bar
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Fig. 4 Beam profile of diode laser using optics
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Table 2 Application of material properties

Thermal property Value

Conductivity(W/(mm-K)) Temperature dependent

Specific heat(J/(kgK)) Temperature dependent

Mass density(kg/mm®) 7.85 x 10"%(constant)

AlW/mm - K] Thermal Conductivity  gp(i/Kg.K)
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(a) conductivity (b) specific heat

Fig. 6 Thermal properties of SM45C
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Depth of surface hardening Femm;min)

Width of surface hardening Esmanmin)
__gEIl _Far  _som e

(b) 44mm/min
Fig. 8 Comparison of hardening depth and width
per various feed rate
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Fig. 9 Comparison of hardening depth and width
per various rotating speed
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treatment per various rotating speed
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Table 3 Results of analysis and experiment for
surface hardening of SM45C

Hardening depth | Hardening width

RPM | Feed
(mm) (mm)

(rev/min) | (mm/min) - - : :
analysis |experiment| analysis |experiment

36 0.529 0.43 2.911 2.69

18 40 0529 | 045 | 2907 | 2.65

44 0.53 0.43 2.887 2.65

36 0.491 0.43 2.92 2.74

20 40 0.487 0.43 2.871 2.58
44 0.487 0.43 2.864 2.5
36 0.456 0.47 2.902 2.45
22 40 0.457 04 2.886 2.38
44 0.443 0.38 2.831 2.32
36 0.417 0.48 2.818 2.35
24 40 0.42 0.42 2.818 2.26

44 0.421 0.36 2.821 2.2

36 0.386 0.48 2.792 2.2
26 40 0.375 0.39 2.782 2.23
44 0.384 0.37 2.824 2.23
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