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The effects of laser pulse energy and focal point position on laser surface
hardening of AISI 410 stainless steel

Mahmoud Moradi* ,Mojtaba Karami Moghadam, Jalal Zarei, Behnam Ganji

Department of Mechanical Engineering, Faculty of Engineering, Malayer University, Malayer, Iran
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper the capability of laser surface hardening of martensitic stainless steel AISI 410 is
Received 02 April 2017 conducted by using a Nd:YAG pulsed laser with a maximum power of 700 W. Focal point position
ﬁiﬁ?@tﬁﬂ é5n'|\i"naey223°ﬂne so17 (22mm to 34mm) and laser pulse energy (14.7J to 16.8J) were considered as process variable
parameters. Microhardness was measured in depth and surface of the hardened layer. Metallography of
Keywords: sgmple§ was conducted in order_ to study the micr_ostructure of _har_dem_ed zone. Also, geometrical
Laser surface hardening dimensions of hardened zone (width and depth), microhardness distributions in depth and width of
Nd:YAG pulsed laser hardened layer, microstructure of hardened layer were investigated. Results show that by increasing

Microhardness

laser pulse energy and decreasing the laser focal point position, the hardness and depth of hardened
AISI 410 martensitic stainless steel

layer increases. Observations indicated that solid state transformation and carbide solution in steel
during laser surface hardening process, improved the surface hardness. Lower delta ferrite in martensitic
structure in laser hardened layer led to higher microhardness. Maximum hardened layer of 350 um in
depth and 2208 pm in width and maximum surface hardness of 747 HV 3 is obtained at maximum pulse

energy of 16.8J.
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Fig. 1 Schematic of geometrical dimensions of hardened zone (width
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Table 1 Chemical composition of AISI 410 stainless steel (Wt. %)
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Fig. 2 Schematic of the laser surface hardening process
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laser pulse energy tests
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Table 2 Experimental setting of laser surface hardening by Nd:YAG
laser

o3 alols Cosd

ST s o st e
bgie , e Wges 0)lod

(Js3) (a6 o)

(@) Gecslon)

285 19 18 34 F1
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285 19 18 28 F4
285 19 18 26 F5
285 19 18 24 F6
285 19 18 22 F7
220 14.7 14 24 E1
236 15.75 15 24 E2
252 16.8 16 24 E3
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* Gaussian-distributed model
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Fig. 8 Microhardness profile in depth of the laser hardened layer for E3
and F6 samples
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Fig. 10 Cross-sectional view of Vickers indenters in depth and surface
of hardened zone
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Fig. 6 Microhardness profile in depth of the laser hardened layer in
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Fig. 7 Microhardness profile in depth of the laser hardened layer in
laser pulse energy tests
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Fig. 13 Microstructure
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Fig. 14 Microstructure of laser hardened one of martensitic steel AISI
410 (sample #F6)
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Fig. 11 Microhardness profile in width of the laser hardened layer
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Fig. 12 Microhardness profile in width of the laser hardened layer in E
series Tests
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Fig. 15 Microstructure of laser hardened zone of martensitic steel AISI1410 (sample #E3) a) microstructure of the all hardened zone b) microstructure
of the top surface of hardened layer ¢) microstructure of the meddle zone of hardened layer d) microstructure of the base metal under hardened zone
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