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Study on the Fatigue Resistance of Gray
Cast Iron in CO; Laser Surface Hardening
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Department of Metallurgical Engineering, Dong-A University
*Study Circle for Laser Material Processing, KIMM

ABSTRACT

This study has been performed to investigate some effects of the power density and traverse speed of
laser beam on the optical microstructure, hardness and fatigue resistance of gray cast iron treated by laser
surface hardening technique.

Optical micrograph has shown that the' dissolution of graphite flakes and the coarsening of lath
martensite tend to increase with a small amount of retained austenite as the power density increases under
the condition of a given traverse speed. Hardness measurements have revealed that as the power density
increases, hardness values of outermost surface layer increases from Hv=620 to Hv=647 in case of traverse
speed of 2.0m/min at gray cast iron. Fatigue test has exhibited that the fatigue strength of laser surface
hardened specimen is superier compared to that of untreated specimen, showing that values for the fatigue
strength at Ny=10 of gray cast iron laser-surface-hardened at a low power density of 4076w/ew and a high
power density of 8153w/es* under the condition of a given traverse speed of 2.0m/min are 15kg/m and 20kgy/mr,
respectively, whereas the fatigue strength of untreated specimen is 1lkg/mw. Under high stress-low cycle
condition a noraml brittleness fracture appears, whereas a ductile fracture with beach mark is observed in the
specimen tested under low stress-high cycle condition.
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Table.1 Chemical composition of specimen.(wt.%)

Specimen C Si | Mn P S

Gray cast iron | 3.45 [ 2.10} 0.45 ( 0.10 | 0.09

Specimen Cr Ni Mo | Cu Al

Gray cast iron | 0.06 | 0.08 | 0.05{ 0.10 | 0.01
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Fig. 1 Configuration and dimensions of rotating bending fatique test specimen.
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Fig. 2 Experimental set op using parabolic mirror.
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Table. 3 Experimental condition for laser surface

hardenig treatment
power traverse | defocussed
specimen density speed, beam
(w/en) (m/min) | diameter, (mn)
gray cast | 4076, 6114,
iron 8153 20,25 5.0
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Fig.5 Optical microstructures of gray cast
iron coated with black paint and
laser-surface-hardened for different
power denesities of (a) 4076 w/ow,
(b) 6114 w/aw, (c) 8153 w/ew at a
given traverse speed of 2.0m/min.
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Fig.6 Optical microsturctures of gray cast

iron coated with black paint and
laser-surface-hardened for different
power denesities of (a) 4076 w/cw,
(b) 6114 w/ew, (c) 8153 w/em' at a
given traverse speed of 2.5m/min.
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Fig.7 Optical microstructures of gray cast
iron coated with black paint and
laser-surface-hardened for different
power denesities of (a) 4076 w/cw,
(b) 6114 w/ew, (c) 8153 w/ew at a
given traverse speed of 2.0m/min.
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Fig.8 Optical microstructures of gray cast
iron coated with black paint and
laser-surface-hardened for different
power denesities of (a) 4076 w/cw,
(b) 6114 w/ew, (c) 8153 w/ew at a
given traverse speed of 2.5m/min.
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Fig. 9 Realtion between hardness and depth
below surface of gray cast iron coated with
black paint and laser-surface-hardened for
different power densities with a traverse
speed of 2.0m/min.
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Fig.10 Realtion between hardness and depth
below surface of gray cast iron coated
with black paint and laser-surface-
hardened for different power densities
with a traverse speed of 2.5m/min.
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Fig.11 Reation between applied stress and the
number of cycle to failure of gray cast iron
coated with black paint and laser-
surface-hardened for different power
densities with a traverse speed of

Fig.12 Relation between applied stress and the
number of cycle to failure of gray cast iron
coated with black paint and laser-surface-
hardened for different power desnities
with a traverse speed of 2.5m/min.
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Fig.13 Scanning electron micrographs showing
the fatigue fracture surface obtained at
high stress level of 37.5kg/m in gray cast
iron laser-surface-hardened for the power
density of 8153w/cw at a given traverse

speed of 2.0m/min. (a) Overall view of

fractured surface, (b) Surface area with

the origin indicated, (c) Core area of

fractured surface
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Fig.14 Scanning electron micrographs showing the fatigue fracture surface obtained at low stress level of
21.0kgy/mr in gray cast iron laser-surface-hardened for the power density of 8153w/cw at a given
traverse speed of 2.0m/min. (a) Overall view of fractured surface, (b) Surface area with the origin
indicated '
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