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Heat Treatment Using a Laser Beam or an Electron Beam
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Surface heat treatment using a laser beam or an electron beam is studied through numerical

analyses and experiments. For the surface heat treatment process, a theoretical model is devel-

oped to predict the effects of laser beam power, travel speed and properties of a workpiece on the
depth and width of the heat affected zone(HAZ). The shape of HAZ and the hardness of heat-
treated surface are experimentally obtained using an electron beam. Three materials(8541, S45C

and S55C) are selected as workpiece materials. The hardness of HAZ is increased up to 3 times

for materials of a low carbon content. The results of the numerical analysis are compared with

those of experiments. The comparision shows that the numerical model predicts lager depths and

widths.
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Table 1 Characteristics of laser and electron

beam

Laser EBW
Condition for machining None [High vacuum
Cost for machine Expensive; Cheap
Cost for maching one workpiece Cheap | Expensive
Energy density 104—107| 10*—107
Welding depth Sallow Deep
HAZ size Small Small
Energy transmission medium Photon | Electron
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Table 2 Chemjcal compotions of materials

Chemical Composition(Wt%)

deel ¢ si [Mn] P [ s [cu

S541 [ 0.162 | 0.284 | 0.593 | 0.015 | 0.009 | 0.015

S45C | 0.412 | 0.254 | 0.760 | 0.014 | 0.005 | 0.013 \ i

S555C | 0.470 0.232J 0.715 | 0.014 | 0.005 | 0.015

Table 3 Material properties for numerical analy-

SIS.
Steel | pkg/m®) | k(W/m-K) | c,(J/kg-K)
Ss41 7830 52.036 513.8
S45C 7840 445 475.7
S55C 7840 41.344 4214
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Fig. 5 Macrostructure of heat-treated low carbon
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Fig. 7 Comparision of experimental and numerical
results for HAZ shape(S55C; v=600 mm/min)
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