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Experimental modeling of laser surface hardening process of AISI 410 by
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Laser surface hardening is one of the modern technology used to improve the surface of materials in
Received 30 December 2017 order to modification of tribological properties. This paper investigate the ability of laser surface
Accepted 28 January 2018 hardening of AISI 410 martensitic stainless steel using a continuous high power diode laser with a
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vailable Online 23 February 2018 maximum power of 1600w. Laser power, scanning speed and focal plane position are variable

Keywords: parameters in this research. The effect of the process parameters on the hardness, depth and width of the

Laser hardening hardened layer has been investigated. The results show that with increasing laser power and reducing
Micro hardness the scanning speed, higher hardness and hardening depth are obtained. Results also reveal that width of
Martensitic stainless Steel of 410 hardened layer increases by increasing in focal plane position and reduction the laser power. Modeling

Microstructure

Design of experiments of controllable variables (laser power, scanning speed and focal plane position) by Response Surface

Methodology method to study the effect of process input parameters on how to change responses, and
analysis of ANOVA tables, providing regression equation for output parameters, analysis The Surface
Plots, Interaction Plots of the input parameters, were investigated. The results show that in RSM
modeling method, the effect of laser power parameter on the results of maximum hardness, depth and
width of hardness is more than the parameters of the focal plane position and scanning speed. Due to
percentage of coverage of the parameters by the regression equations the RSM method is a suitable
model for investigating the effects of the surface hardening process by diode laser.
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Table 1 Independent process parameters with design levels
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Table 2 Experimental setting of laser surface hardening by diode laser
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(mm) (mm) thv) (mm) (mm/s) W)
18 2.2 600 65 5 1400 1
9.2 0.5 478 70 8 1200 2
8.5 13 488 70 6 1200 3
8.4 14 490 70 6 1200 4
8.1 2.2 520 60 6 1200 5
9.1 0.6 470 80 6 1200 6
8.9 0.8 500 75 7 1000 7
8.85 0.9 508 65 7 1000 8
8.75 1 510 75 5 1000 9
8.6 11 515 65 5 1000 10
8.1 2.2 540 65 7 1400 11
8.65 15 500 70 6 1200 12
8.3 18 620 70 6 1600 13
8.5 1.3 512 75 7 1400 14
8.01 2.3 530 70 4 1200 15
9 0.7 478 70 5 800 16
8.3 1.8 530 75 6 1400 17

Fig. 4 Cross-sectional view of Vickers indenters in depth and surface of
hardened zone
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Fig. 5 Schematic of diode laser beam distribution
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Fig. 2 geometrical dimensions of hardened zone (width and depth)
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Fig. 6 Microhardness profile at Depth of laser hardened erea of
AISI1410 steel
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Microhardness profile at Width of laser hardened erea of AlS1410
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Table 6 Modified variance analysis for Width of hardened area
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