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A Study on Hardening Characteristics of Carbon Steel
by Using Finite Element Method
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*Ulsan Technopark, 342-1 Maegok-dong, Buk-gu, Ulsan 683-420, Korea
**Division of Marine Engineering, Korea Maritime University, Busan 606-791, Korea

Abstract Recently, from general machine parts and automobile parts using carbon steel to a mold, there has
been efforts for improving durability and attrition resistance of these parts. Especially, heat treatment with laser
which works fast and automatically can be used for the mass production with high quality. Moreover, local heat
treatment can be used to handle with complex and precise parts. Accordingly, we analyzed hardening character-
istics of carbon steel using the finite element method and compare the experimental results to have more reliabil-
ity. We also proved the cause of thermal deformation with temperature and stress distribution by heat treatment.
After these analysis and experimental, we found that each maximum hardness of the two tests was 728 Hv and
700 Hyv, on condition of 1050°C heating temperature, and 2 mm/sec laser speed. We also found that difference of
surface stress-distribution was occurred, and this makes deformation mode up after heat treatment.
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Table 1. Chemical composition of the specimen
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Fig. 1. Focusing characteristic of diode laser beam.
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Fig. 2. Modeling of 3D analysis.
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Fig. 3. Flow chart of thermo-mechanical coupling analysis.
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Fig. 4. Variations of Vickers hardness at the hardened
zone; (a) hardened width by temperature control and (b)
hardness by laser speed control.
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Fig. 5. Variations of hardness at laser-hardened zone;
(a) hardened width and (b) hardened depth.
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Fig. 6. Variations of surface temperature during laser
heating on condition of 1,050°C heating temperature
and 2 mm/sec laser speed; (a) 10 sec, (b) 20 sec, (c) 30
sec and (d) 40 sec.
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Fig. 7. Von mises stress after heat treatment on
condition of 1,050°C heating temperature and 2 mm/sec
laser speed.
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Fig. 8. Distortion after heat treatment on condition of
1,050°C heating temperature and 2 mm/sec laser speed;
(a) analyzed results and (b) experimental results.
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Fig. 9. Mean stress after heat treatment on condition of
1,050°C heating temperature and 2 mm/sec laser speed.
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