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Property of Wear and Rolling Contact Fatigue Damage in High-hardness Pearlitic Steels
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Abstract

On overseas heavy haul railways, the environment in which the rails are used has become severe
due to the increased wheel load associated with higher cargo loads. At the rail heads that come into
contact with the wheels, wear and rolling contact fatigue damage has become evident. In response
to these issues, many studies are being conducted on the wear resistance and rolling contact fatigue
damage resistance of rail steel, but there are few results that comprehensively evaluate the effects
of the hardness and carbon content of rail steel. Therefore, we evaluated the wear and rolling
contact fatigue damage properties of high-hardness pearlite steel using a two-cylinder testing
machine that simulates a heavy haul railway. Furthermore, the hardness and plastic flow of the
rolling surface were investigated, and the governing factors of wear and the mechanism of fatigue
damage generation were discussed based on tribology and fracture mechanics approaches.
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Examples of wear and rolling contact fatigue damage on overseas heavy haul railways: (@) Worn rail, (b) Rolling contact

fatigue damaged rail
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Rail disk
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(1/4 Model)
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Thermal sensor
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(1/4Model)
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Appearance and schematic outline of a two-disk-type testing machine
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0.8 mass%C | 0.80-0.81 400
' e R 440
Rail SiMn,Cr,V| 415 .
0.9mass%C | 0.90-0.91 Pearlite
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1.0 mass%C 1.00 420
Wheel 0.70 390
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Testing conditions

Loading (kN) Radial: 17.7 Thrust: 11.8
Angle of attack (°) 0.5
Initial contact pressure 2000 (G.C. portion)
(MPa)

The total number of
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rolling contact cycles

Dry (Non-lubrication) / 0x10° to 20x 10°
Water (5 cc/min) / 20x10° to 320x 103
Repeated dry (0.5 min) and water (1.0 min)
/320%10% to 550%10°
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duration of cycles
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Pressure and stress distributions of the rail specimen in
contact with the wheel specimen under the initial condi-
tion: (a) Distribution of vertical stress o,, (b) Distribution of
normal contact pressure p. on a rail specimen surface
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Relationship between the initial hardness and wear amount
of the rail specimens
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Rolling direction Rolling direction Rolling direction

K5 HERBOL—IREBRFOABE L AH ) IZAE
(a) 0.8mass%C 400 HV10, (b) 0.8mass%C 440 HV10, (c) 0.9mass%C 415 HV10, (d) 0.9mass%C 440 HV10,
(e) 1.0mass%C 420 HV10
Typical rolling contact surfaces of the rail specimens after the test:
(a) 0.8mass%C 400 HV10, (b) 0.8mass%C 440 HV10, (c) 0.9mass%C 415 HV10, (d) 0.9mass%C 440 HV10,
(e) 1.0mass%C 420 HV10

Rolling direction Rolling direction Rolling direction

Observation I
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(a) 0.8mass%C 400 HV10, (b) 0.8mass%C 440 HV10, (c) 0.9mass%C 415 HV10, (d) 0.9mass%C 440 HV10,
(e) 1.0mass%C 420 HV10
Typical cross-sectional microstructure beneath the G.C. portion of the rail specimens after the test:
(a) 0.8mass%C 400 HV10, (b) 0.8mass%C 440 HV10, (c) 0.9mass%C 415 HV10, (d) 0.9mass%C 440 HV10,
(e) 1.0mass%C 420 HV10
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Relationship between the initial hardness and length of

plastic flow formed beneath the G.C. portion of the rail

specimens
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Relationship between the initial hardness and crack incli-

nation angle beneath the G.C. portion of the rail specimens
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Estimated results of shear yield strength based on the

hardness beneath the rolling contact surface after the test

. Hardness 7S YP k
Specimen
(HV0.025) | (MPa) | (MPa) | (MPa)
0.8 mass%C (400 HV10) 505 1650 1485 857
0.8 mass%C (440 HV10) 558 1823 1641 947
0.9 mass%C (415 HV10) 541 1767 1591 918
0.9 mass%C (440 HV10) 584 1908 1717 991
1.0mass%C (420 HV10) 588 1921 1729 998
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Relationship between shear yield strength beneath the roll-
ing contact surface after the test and average length of
plastic flow
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Schematic model of a surface crack in lubricated rolling/

sliding contact
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Estimated c¢/a and B in this study and their effects on K|

and K, obtained by Bower and Akama

SIF
Results cla | p(°)
KI/ (po\ﬁ) KII/ (po\ﬁ)
0.8 %C
AT 062 | 10 - -
(400 HV10)
0.8 %C
MASST 030 | 28 - -
(440 HV10)
. . 10.9mass%C
Experimentation 0.36 27 - -
(415 HV10)
0.9 %C
masseCl o1 1 36 - -
(440 HV10)
1.0 Y
mass%C 018 41 B B
(420 HV10)
Bower? 0.50 25 0.16 0.14
50 0.11 0.18
Akama® 0.50 25 0.18 0.12
12.5 0.30 0.07
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FESCHE OIS TI9ERAREL (STF: Stress Intensity Factor) AT
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Schematic illustration of structural variation, behaviour of crack propagation, and occurrence of spalling beneath the G.C.

portion of the rail specimens
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