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Influence of Hardness and Carbon Content on Rolling Contact Wear in Pearlitic Steels

Masaharu UEDA, Koichi UcHINO and Takehide SENUMA

Synopsis : It has been reported that the characteristic of rolling contact wear of rail steels varies depending on the microstructure and carbon content of
steels. However, the reasons for such variations have not been fully elucidated yet. Accordingly, the authors conducted two-cylinder rolling
contact wear test by using pearlitic steels with carbon content in the range from 0.8 to 1.0 mass% and studied the effects of carbon content of
pearlitic steels on the rolling contact wear. In addition, the authors examined the dominating factor of the rolling contact wear in pearlitic
steels and the effects of carbon content on this factor. The main findings obtained are as follows: ( 1 ) The wear resistance of pearlitic steels
improves with increasing carbon content. ( 2 ) The rolling contact wear of pearlitic steels is dominated by the rolling contact surface hardness
(RCSH). ( 3 ) The improving wear resistance of pearlitic steels is attributable to an increase in RCSH due to raising work-hardening rate of
the rolling contact surface with increasing carbon content. ( 4 ) The reason why the work-hardening rate of the rolling contact surface of
pearlitic steel rises with increasing carbon content is considered as follows: An increase in the cementite density (carbon content) increases
the amount of dislocation in the matrix ferrite and promotes the grain refinement of the matrix ferrite. Moreover, the solid solution of carbon
in the matrix ferrite takes place due to the decomposition of cementite. As a result, the matrix ferrite is strengthened through the promotion
of dislocation hardening, grain refinement and solid solution of carbon.

Key words : wear; rail steel; pearlitic steel; high carbon steel; cementite; ferrite; plastic deformation; work-hardening; dislocation hardening; grain refine-

ment; subgrain; nanocrystalline grain; cementite decomposition; solid solution.
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Table 1. Chemical composition ranges and hardness range
of test steels.
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Chemical composition (mass%) | Hardness
(o Si Mn P S Cr (Hv, 98N)
0.78 0.18 0.48 0.15 294
~ ~ ~ = 0.023 | £ 0.020 ~ ~
1.01 0.52 1.01 0.25 395
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Fig. 1. Dimensions and shapes of wear test specimens and
schematic illustration of rolling contact wear test
machine.
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Table 2. Conditions of rolling contact wear test.

Load - 686 (N)
Hertzian maximum contact pressure . 640 (MPa)
Rotating speed (Tested steel specimen) | 800 (rpm)

| Slip ratio 20 (%)
Lubrication Air (100NL/min)

Number of cycles 100,000-700,000
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ig. 2. Relationship between pre-test hardness and weight
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Fig. 3. Relationship between carbon content and weight
loss of test specimens with pre-test hardness range
of Hv 385 to 395.
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Fig. 4. Relationship between number of rolling contact
cycle and weight loss of test specimens with pre-
test hardness range of Hv 385 to 395.
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Fig. 6. Cross-sectional SEM microstructures of test speci-
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mass% C steel after 700,000 cycles, (c) 1.0 mass%
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P ’ 200nm

Fig. 7. TEM images beneath rolling contact surface of test specimens and selected area diffraction patterns (SADP) after 700,000
cycles; (a) bright-field image of 0.8 mass% C steel, (b) dark-field image of 0.8 mass% C steel, (c) bright-field mage of
1.0 mass% C steel, (d) dark-filed image of 1.0 mass% C steel.
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Fig. 8. DSC curves of wear debris and metal powder of
‘ 0.8 mass% C steel and 1.0 mass% C steel.
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Fig. 9. Relationship between average rolling contact sur-
face hardness and increase of weight loss of test
specimens at 200,000 cycle intervals in rolling
contact cycle range of 100,000 to 700,000.
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Fig. 11. Cross-sectional microstructure beneath rolling contact surface of test specimen of 0.8 mass% C steel after 700,000 cycles.
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