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Rolling contact fatigue property of laser dispersed quenched steel rail

Yang Zhixiang' Ye Zufu' Wang Aihua® Ye Bing' Xiong Dahui'
(1. Wuhan Huagong Laser Engineering Co. TLid. Wuhan Hubei 430223 China;

2. School of Materials Science and Engineering Huazhong University of Science and Technology Wuhan Hubei 430074 China)
Abstract: Laser dispersed quenched process was carried out on steel rail surface in order to improve the service life of the rail. Three
different distribution patterns for the laser dispersed quenched were used and rolling contact fatigue wear test machine was used to measure
the fatigue wear property of the rail and the wear surface morphology cross—sectional morphology and wear mechanism were analyzed. The
results show that the wear loss of original state specimen is 1.102 g and fatigue spall and plastic deformation with severe corrugation occur
on the surface of the original specimen. After laser dispersed quenched process the corrugation is eliminated and the wear loss of rail
specimen reduces significantly but cracks occur at the edge of contact zone and the interface of laser hardened region. The cracks at the
center of contact zone can be effectively removed when the hardened regions are distributed with 1 mm spacing and 60° inclination and the
lowest wear loss is acquired at this condition which decreases by 63% compared with that of the original state specimen. It can effectively
improve the cracking resistance and wear property of the laser dispersed hardened layer by combination of reducing the spacing and increasing
the tilt angle of laser hardened region.
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Table 1 Nominal chemical composition of the U71Mn and CL60 steels ( mass fraction %)
Steel C Si Mn P S \Y Nb Cr Ni
U71Mn 0.65~0.76 0.15~0.35 1.10 ~1.40 <0.030 <0.030 <0.03 <0.01
CL60 0.57 ~0.65 0.17 ~0.37 0.50 ~0.80 <0.035 <0.035 — — <0.25 <0.25
2
Table 2 Laser dispersed quenched process parameters
Specimen No. Method Laser spot width/mm  Scanning speed/( mm * s~')  Laser power/W Tilt angle/( °) ~ Spacing width/mm
1 Untreated — — — — —
2 Laser dispersed quenched 6 10 1250 45 4
3 Laser dispersed quenched 6 10 1250 45 1
4 Laser dispersed quenched 6 10 1250 60 1
4%
XJL-O3
HVS-000A
200 g 15 s
MJP30
YB/T 5345—2006 (
Do
CL60 ) o > o] |
1 o 2( a) 1
2(b) 2(c ~e) (a) ;(b)
. Fig.1 Schematic diagrams of the rolling contact fatigue specimen
(‘a) sampling location; (b) size of specimen
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Fig.2 Rolling contact fatigue specimens

(@) rail specimen; (b) wheel specimen; (c) No.2 specimen; (d) No.3 specimen; (e) No.4 specimen
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Table 3 Results of the wear test
Specimen No. Vethod Hardened layer  Surface hardness/ Wear loss of rail Wear loss of wheel Wear loss ratio
depth/mm HRC specimen/g specimen/g between wheel and rail
1 Untreated — 35.7 1.102 1.035 0.939
2 Laser dispersed hardened 0.7 62.1 0.582 2.190 3.763
3 Laser dispersed hardened 0.7 63.5 0.467 1.895 4.058
4 Laser dispersed hardened 0.7 62.7 0.408 2.399 5.880
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Fig.3 Macromorphologies of the wear specimens

(a) No.!l specimen; (b) No.2 specimen; (c¢) No.3 specimen; (d) No.4 specimen
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Fig.4 Surface morphologies of the No. 1 rail specimen

(‘a) wave crest; (b) wave trough; (c) interface between trough and crest; ( d) cracks at wave trough
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Fig.5 Surface morphologies of No.2 rail specimen

(a b) cracks at leading edge; (c) cracks at trailing edge; (d) cracks at interface
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Fig.6  Surface morphologies of No. 3 rail specimen

(a b) cracks of hardened area; (c) cracks at trailing edge; (d) cracks at leading edge; () hardened area; (f) unhardened area
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Fig.7 Surface morphologies of the No. 4 rail specimen

(‘a) center of hardened area; (b c¢) cracks at leading edge; (d e) cracks at trailing edge; (f) interface of hardened area
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Cross-section microstructure( a b) and plastic deformation morphologies( ¢ d) of the No. 1 specimen
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Fig.9 Vertical-section crack morphologies
of the No.2('a) No.3(b) and No.4( ¢) specimens
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Fig. 10 Vertical-section microstructure of the No.2 specimen

(‘a) cracks at central of hardened area; (b) cracks at leading edge; (c¢) interface of trailing edge; ( d) unhardened area
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Fig. 11 Vertical-section microstructure of the No. 3 specimen

(a) cracks at trailing edge; (b) cracks at leading edge; ( ¢) bottom interface; (d) unhardened area
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Fig. 12 Vertical-section microstructure of the No.4 specimen

(a) cracks at leading edge; (b) interface; (c¢) cracks at trailing edge; ( d) unhardened area
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Fig. 13 Change of microhardness versus distance from the surface

for unquenched zone of the rail specimens
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Fig. 14 Schematic diagrams of cracking area

(a) No.2 specimen; (b) No.3 specimen; (c¢) No.4 specimen
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