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Sensitivity Analysis of Processing Parameters for the Laser Surface Hardening Treatment by
Using the Finite Element Method

Se-Hwan Lee* and Young-Soo Yang*
*Department of Mechanical Engineering, Chonnam National University, Kwangju 500-757, Korea

Abstract

A methodology is developed and used to evaluate the response sensitivity of the thermal systems to
variations in their design parameters. Technique for computing the sensitivity of temperature
distributions to changes in processing parameters needed to decide the more effective laser input
parameters for laser surface hardening treatment is considered. In this study. a state equation
governing the heat flow in laser surface treatment is analyzed using a three-dimensional finite element
method and sensitivity data of the processing parameter obtained using a direct differentiation method
is applied to the sensitivity analysis. The interesting processing parameters are taken as the laser scan
velocity and laser beam radius {(r), and the sensitivities of the temperature T versus v and r, are
analyzed. These sensitivity results are obtained with another parameters fixed. To verify the numerical
analysis results, hardened layer dimensions (width and depth) of the numerical analysis are compared
with the experimental ones. (Received December 8, 2000)

Key Words : Sensitivity analysis, Laser surface hardening treatment, Processing parameter, FEM(Finite Element Method), Direct
differentiation method
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Fig. 1 Schematic diagram of the laser scan system
and solution domain.

Fig. 2 Finite element mesh and size used in thermal
and sensitivity analysis
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Table 1 Selected processing parameters for
temperature and sensitivity analysis.

C=10(J/mm) | C=20(J/mm) | C=30(J/mm)
Lmm | QW) |v(mm/s)| Q(w) |[v(mm/s)| Q(w) |v(mm/s)
180 | 18 | 200 10 | 300 10
Lo |20 25 | 200 13 | 390 13
300 | 30 | 400 | 20 | 600 | 20
- - 500 | 25 | 750 | 25
180 | 18 | 200 10 | 300 10
s |20 | 25 | 260 13 | 390 13
300 | 30 | 400 | 20 | 600 | 20
400 | 40 | 500 | 25 | 750 | 25
180 | 18 | 200 10 | 300 10
250 | 25 | 260 13 | 3% | 13
20 300 30 400 20 600 20
400 | 40 | 500 | 25 | 750 | 25
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Fig. 6 Sensitivity analysis results of characteristic
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Fig. 7 Sensitivity analysis results of laser scanvelocity
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Fig. 8 Sensitivity analysis results of characteristic
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