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Rolling Wear Properties of CL.60 Steel after Pulsed Nd: YAG
Laser Surface Melting
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Abstract Laser surface melting is carried out using a pulsed Nd-* YAG laser on specimens made of CL60 steel,
after that the rolling wear properties of specimens are studied using a MM-P2 rolling friction and wear test machine.
The surface topography of the specimens before and after the rolling wear test is measured by a micro XAM 3D
surface topography instrument. Metallographic examinations of the specimens are taken out after the rolling wear
test using metallographic microscope and scanning electron microscope. It turns out that the laser melted spots stand
out during the experiments due to its higher hardness. The laser melted spots are not only reducing the plastic
deformation themselves, but also hindering the plastic deformation of vicinity base material on the same circle. The
laser melted spots can reduce the scraps peeling off from specimens and the rolling wear resistance is improved.
Different distributions of laser melted spots can form different surface topographies after wear.
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Table 1 Material composition (mass fraction, %)
Material C Si Mn S P
CL60 0.65~0.76 0.15~0. 35 1.10~1. 40 <C0.03 <0.03
U71Mn 0.55~0. 65 0.17~0.37 0.5~0.8 <0.03 <0.03
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Fig. 1 Specimens of CLL60 and U71Mn
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Table 2 Parameters of laser
Pulse Pulse Peak Average Spot Peak power Average power
width /ms energy /] power /W power /W diameter /pm density /(W/cm*) density /(W/cm?)
1.2 0.072 348.2 48 120 3.14X10° 4.34X10°
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Fig. 3 Schematics of a.b and ¢ specimens distributions
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Table 3 Distributions of laser melted spots on , i
surface of specimens
Distribution a b c s
Pitch /pum 150 250 137 [10] |
Dot pitch /pm 250 150 274
3
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Fig. 4 Strengthed and unstrengthed rings on the
’ surface of laser melted specimens
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4 a.b.c

Table 4 Surface topography of the specimens a, b and ¢ , .

Distribution a b c 5(c) 6(c)

R, before wear /pm 1.41 2.98 1.58 . 6(a).

R, after wear /pm 1.79 3.74 0.59 (b) 7

Pitch /pm 150 250 137 ~ ~ ~ [11~13]

Width of stripe /pm 150 250 137
Dot pitch /pm 250 150 274 ’

Height of stripe /pm 7 15.4 3 Ll
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Fig.5 3D photos of specimens a.b and ¢ before [ (al),(bl),(c1)] and after [ (a2),(b2),(c2)] wear
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Fig. 6 2D photos of specimens (a) a,(b) b and (¢) c after wear experiments
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Table 5 Relationship among pitch, dot pitch and height of stripe

Pitch /unl 200 200 200 200 200 200 200
Dot pitch /pm 125 150 175 200 225 250 275
Height of stripe /pm 13.1 13 12.2 12.1 10. 3 9.2 6.7
Pitch /[ﬂn 125 150 175 200 225 250 275
Dot pitch /‘um 200 200 200 200 200 200 200
Height of stripe /pm 7.2 9 11.5 12.1 12.8 13.2 13.3
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b b
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Fig. 9 Rolling direction section photomicrograph of CL60 specimens (a) without and (b) with laser melting after wear
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Fig. 10 Plastic flow along the rolling direction after wear experiments in laser melted CLL60 specimens
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