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Abstract: Laser hardening by means of diode laser is an innovative technique in industrial applications, but when the
treated surface is larger than the laser spot, lap weld tempering, a well-known problem in laser hardening occurs. To
avoid the lap weld tempering phenomenon, Visible Spot (VS) technique is investigated for cylindrical workpieces. In
case of shaft parts, circular laser hardening is adopted by imposing a high rotational speed to the workpieces under the

close loop control laser hardening system. A circular apparent spot is generated to heat the all the annular surface of the
workpiece contemporaneously, as a consequence, lap weld tempering is avoided.
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Figure 1. Single track treatment in circular laser hardening
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Figure 2. Microstructure and hardness of overlapping zone
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Figure 3. Multi-pass overlapping laser hardening
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Figure 4. Drawbacks of the lap weld temper in multi-pass laser
hardening
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Figure 5. Visible spot technique applied in cylindrical surface
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Table 1. Nominal chemical composition (weight %) of the carbon
steel

R L AISI 1040 FERSALZ MY R(EEF L)

C Fe Mn P S

0.37~0.44 Bal. 0.6~0.9 <0.04 <0.05

Figure 6. Practical setup of the hardening system
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Figure 7. Geometry feature of the laser beam on the workpieces
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Table 2. Process parameters used in the experimental campaign
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Figure 8. Sample preparation
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Figure 9. Uniform hardened zone obtained by the VS technique
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Figure 10. Hardened zone obtained by single track VS technique
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Table 3. Process parameters used in the experimental campaign
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Figure 11. Microhardness vs. input energy and workpiece diameter
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Figure 12. Non treated surface by VS process
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Figure 13. Awider cylindrical hardened surface obtained by VS
technique
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