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Abstract Though tyre and asphalt are low elastic modulus materials, water lubrication resulting from hydro

dynamic

action would present even the speed is low. For high elastic modulus of materials, such as wheel and rail, water lubrica

tion would present when the speed is over 200 km/h, causing potential unsafety for train operations. Increasi

ng surfac

roughness will improve the wheel/rail adhesion coefficient. However it is shown that the topography orientation also
has great effect on adhesion coefficient when the value of surface roughness is nearly the same under mixed lubricatio
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In this papera numerical analysis based on unified Reynolds equation was adopted. The behavior of three patterns o
roughness orientations on wheels, i.e. longitudinal, transverse and rhombus, with high speed up tb 666knmixed
lubrication were analyzed. The simulation results were compared with the results of the average flow model and the
existing experimental results. It is concluded that the adhesidificieats of wheel/rail decreased with speed increasing,
while the adhesion coefficient of rhombus pattern is greater than that of the transverse, and transverse pattern is great
than that of the longitudinal. The adhesion coefficient is mainly depended on the ratio of asperity contact pressure to the
total pressure. When the ellipticity < 1 in wheel/rail point contact, the lateral flow effect could not be neglected, the

results of average flow model will result in error.
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Fig. 1 Thereal cross-section profile of a single laser pattern. The diameter of the pattern is about, 156 height over the surface is about 2B
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(c) Transerse pattern
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Fig. 3 The reconstructed surface for calculation. The arrows indicate the direction of rolling
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Table 1 The parameters used in the numerical simulation

Parameters

Value
(wheelsfails or water)
Effectiveelastic modulus
242
E’/GPa
Poisson’s ratior 0.3
Rix/m 0.4517]
Ray/m 0.30%7
TemperaturéC 20
Normal loadN 8.50x10¢

Velocity/(km-h™1)

Creep rate/%

100, 200, 300, 400, 500
0.0001,0.30, 0.50, 1.0, 1.5,2.0

Viscosity at room
0.00101

temperaturey/(Pa- s)
Density of water at room
1.00
temperaturgo/(g - cm3)
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() x J5 I IR TG 49 s 0 5 I8 I 53 A

(a) Distributionof dimensionless pressure and film thickness

in x direction

(b) y 77 11 F TE e 44 1 g 5 5 )5 7y A

(b) Distributionof dimensionless pressure and film thickness

in y direction

(c) B)E =& H = hy/a
(c) Contour plowof film thicknessH = hy/a
&l 4 BENUBSRITCRNIE ) A0 SRR = F
Fig. 4 Distribution of dimensionless pressure and film thickness and

dimensionless film thickness contour with random topography
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(a) Distributionof dimensionless pressure and film thickness

in x direction
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(b) Distributionof dimensionless pressure and film thickness

in y direction

(C)HE LB H = hy/a
(c) Plot offilm thicknessH = hy/a

Kl 5 MAGLECE TG R )« BRI A0 J —YEfR ) <
Fig.5 Distribution of dimensionless pressure and film thickness and

dimensionless film thickness contour with transverse pattern
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(a) Distributionof dimensionless pressure and film thickness (a) Distributionof dimensionless pressure and film thickness
in x direction in x direction
(b)y 77 1) (R TC BN I I 5 IR 3 A (b) y 75 1 (R T R 4 1 )3 55 B 4 A
(b) Distributionof dimensionless pressure and film thickness (b) Distributionof dimensionless pressure and film thickness
in y direction in y direction

(c) IEJE =B H = hy/a
(c) Contour plowof film thicknessH = hy/a

(c) EEZE H = hy/a
(c) Contour plotof film thicknessH = hy/a
B 7 35BS RN IE D) R4 e — Y 2

Fig.7 Distribution of dimensionless pressure and film thickness and

6 HLBIRTC AL J) + 5550 A7 e — RS = 18

Fig.6 Distribution of dimensionless pressure and film thickness and

. . ) . . N dimensionless film thickness contour with rhombus pattern
dimensionless film thickness contour with longitudinal pattern P
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Fig.8 The adhesionoefficient with various speeds at the creep

rate of 0.30%
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Fig.9 Theadhesion cofcient with various speeds at the creep

rate of 2.0%

P 10 #2300 knyh 255 2R BG4 (1722 1 Hh 2

Fig.10 The adhesion céiécient with various creep rates at the

speed of 300 krin
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Table 2 The ratio of asperity contact pressure to the total

pressure for various surfaces

Rhombus Tansverse Longitudinal Random
pattern pattern
Ps/p 89.14%  86.34%
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83.93%

pattern
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