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Effects of surface hardening by using CO: laser defocussed beam on the fatigue

resistance of ductile irons
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Abstract

This study has been performed to investigate into some effects of the output power and traverse speed
of laser beam on the microstructures, hardness and fatigue resistance of the ductile iron surface-hardened by
CO2 laser defocussed beam,

Optical micrographs have shown that with increasing the output power and decreasing the traverse
speed, the martensite was coarsened and some refained austenite were appeared in ductile iron. The
microstructures of hardening zone were composed of bulls eye and some nodular graphite dissolved
structures by the effect of self quenching, Fatigue fracture characteristics of ductile iron have appeared in
the high stress and low stress ranges. The fracture initiated at nodular graphites in the surface hardened
layer due to the stress concentration caused by a notch effect.

The interior graphite nodules were broken away or popped out during crack propagation, Fatigue test has
shown that values of fatigue strength considerably increased with increasing output power at a given
traverse speed.

Key Words : Laser surface hardening, traverse speed, output power, self quenching,
fatigue resistance, defocussed beam, ductile iron
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Table 1. Chemical composition of specimens. (wt,%)

C| S |MnlP ] S|Cr|{Ni[Mo|V |Cul|Fe

356(2.751051{0.01)0.01(0.05{009|001| - ]0.39| bal,

Table 2. Experimental conditions for laser surface
hardening treatment.

output power | traverse speed |defocussed beam
(w) {m/min) diameter (mm)
800,1200,1600 15,20, 25 5.0
VAP
— %]
I/-tf -

108 105

Fig. 1 Configuration and dimensions of rotating
fatigue test specimen.
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Fig. 2 Mechanisn of ono-type rotary bending
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Fig. 3 Relation between hardness and depth below

surface of ductileiron coated with black paint and

laser surface hardened for different output powers
with a traverse speed of 2.0 m/min.
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Fig. 4 Relation between hardness and depth below

surface of ductileiron coated with black paint and

laser surface hardened for different traverse speeds
with a output powers of 1600w.
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Fig. 5 Relation between applied stress and the
number of cycle to failure of ductile iron coated with
black paint and laser surface hardened for different

output powers with a traverse speed of 2.0m/min.
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Fig. 6 Relation between applied stress and the number of cyde
10 failre of ductile iron coated with black paint and faser
surface hardened for different traverse speeds wih @
ouput powers of 1600w,
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Photo. 2 Scanning electron micrographs showing the
martensite structure of ductile iron coated with black
paint and laser surface hardened for output power of
1600w at a given traverse speed of 2.0m/min.
{(a) Hardened zone, (b) Heat affected zone

Photo. 1 Optical microstructures of ductile iron coated
with black paint and laser surface hardened for
different output powers of 800w for (a) and (b) and
1600w for (c) and (d) at a given traverse speed of
2.0 m/min.

L2hym
©

Photo. 3 Optical microstructures od ductile iron
coated with black paint and laser surface
hardened for output power of 1600w at
a given traverse speed of 2.0m/min.

(a) Hardened zore, (b) Heat affected zone, (c) Matrix
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Photo. 4 Scanning electron micrographs showing the
fatigue fracture surface obtained at high stress level in
ductile iron laser surface hardened for the output power

of 1600w 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

Photo. 5 Scanning electron micrographs showing the
fatigue fracture surface obtained at high stress level
in ductile iron laser surfaec hardned
(@) Owvrerall view of fracture surface,

(b) Surface area with the origin indicated



