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ABSTRACT: By analyzing the mechanical behavior of the turnout rails under train braking downhill with different slopes, the
influence of slope on rail surface contact stress indicators are explored, which can provide useful reference for railway line
designers to make decision on railway line slopes. Aiming at the 60AT rail at the heel end of the single turnout in the subway, the

finite element method is used to carry out numerical simulation to establish the refined model of the subway axle and the 60AT
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rail. When the slope changes from 0% to 3.0%, most of the rail stress indicators change little, only the longitudinal shear stress

of the rail surface and the rail surface friction change the most, where the changes are only 8.40% and 3.18% respectively, both

of which do not exceed 10%. From the perspective of rail stress analysis, slope is not a decisive factor in controlling rail

damage. In order to prevent excessive local stress on the rail surface during train braking, it is recommended to perform

full-length quenching treatment on the surface of the rail in this section to improve the yield strength of rails.

KEY WORDS: subway; large slope; turnout; train braking force; rail surface; contact stress; wheel-rail effect
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Tab.1 Finite element analysis parameters of wheel-60AT
rail contact mechanics

Material Property Value Unit  Unit type
Density 7800  kg/m’
60AT . 5 .
Rail Elastic modulus  2.1x10 MPa  Solid185
Poisson’s ratio 0.3
Density 7800 kg/m?
Wheel  Elastic modulus  2.1x10° MPa  Solid185
Poisson’s ratio 0.3
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Fig.1 Finite element mesh diagram of wheel-rail: (a) front
view, (b) perspective view
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Fig.2 Schematic diagram of wheel-rail load and coordinate
system
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Fig.3 Cloud diagram of various stress indicators of rail: a) equivalent stress of wheel-rail system, b) equivalent stress of rail
surface contact, ¢) wheel-rail system XY shear stress, d) rail XY shear stress, e) longitudinal shear stress on rail surface, f) normal
stress on rail surface, g) total pressure of rail surface, h) friction of rail surface
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Tab.2 Ratio of maximum compressive stress to tensile stress of rail surface longitudinal shear stress under different slope
conditions

Item 0% 0.5% 1.0% 1.5% 2.0% 2.5% 3.0%
Longitudinal pressure on rail surface/MPa 181.75 183.51 185.43 186.89 193.02 194.95 197.01

Longitudinal tension on rail surface/MPa 668.31 669.45 671.5 673.46 678.99 679.33 682.69
Ratio 0.272 0.274 0.276 0.278 0.284 0.287 0.289

®3 HENHERREERE
Tab.3 Yield strength values of rail in China

Steel grade Status Strength level/MPa Yield strength value/MPa
U74 780 410
U71Mn 880 460
Hot rolled
u7s 980 510
U76NbRE 980 510
U71Mn(c) 1180 800

Heat treatment
U75V or UT6NbRE 1230 820




F50% ol BGTAE . R IEIE

BB T B0 A9 B 1 Ak 7 ) AR AT S - 247 -

x4 AREEFZFHTEINNIERE

Tab.4 Various stress index values under different slope conditions

Item 0% 0.5% 1.0% 1.5% 2.0% 2.5% 3.0%
Equivalent stress of wheel-rail system/MPa 554.59 554.68 55479 55491 555.10 55523 555.32
Equivalent stress on rail surface/MPa 536.20  536.27 536.37 536.97 537.83 538.12 538.54
Normal stress on rail surface/MPa 757.27  756.83  756.53  756.19 755.68 755.40  755.27
Total pressure on rail surface/MPa 786.68  786.70  786.74  786.83  786.89 78691 786.96
Longitudinal shear stress on rail surface/MPa 181.75 183.51 185.43 186.89 193.02 194.95 197.01
Rail surface friction/MPa 266.94  269.65 272.68 274.15 27541 27542 27543
Shear stress in XY direction of wheel-rail system/MPa  176.05 17591 175.76  175.68 175.09 174.89 174.71
Shear stress in XY direction of rail 158.94 158.87 158.79 158.71 15793 157.74 157.52
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Fig.4 Variation trends of various stress indicators under different
slope conditions
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Tab.5 Fitting analysis results of various stress indicators

MPa
Item a b R?

Equivalent stress of wheel-rail 01286 554.45 0.9903
system

Equivalent stress on rail surface 0.4350 535.45 0.9387
Normal stress on rail surface —0.3468 757.55 0.9850
Total pressure on rail surface 0.0504 786.61 0.9730
Longitudinal shear stress on rail 27230 178.04 09631
surface

Rail surface friction 1.4193 267.13 0.8457
Shear stress in XY direction of _0.2404 176.40 0.9455
wheel-rail system

Shear stress in XY direction of rail —0.2636 159.41 0.8928
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Tab.6 Difference of the various stress indicators of the wheel and rail when the slope changes by 0.5%

%

0.5%~1.0% 1.0%~1.5% 1.5%~2.0% 2.0%~2.5% 2.5%~3.0%

Item 0%~0.5%
Equivalent stress of wheel-rail system 0.016
Equivalent stress on rail surface 0.013
Normal stress on rail surface —0.058
Total pressure on rail surface 0.003
Longitudinal shear stress on rail surface 0.968
Rail surface friction 1.015
Shear stress in XY direction of wheel-rail system —0.080
Shear stress in XY direction of rail —-0.044

0.020 0.022 0.034 0.023 0.016
0.019 0.112 0.160 0.054 0.078
—0.040 —0.045 —0.067 —0.037 —0.017
0.005 0.011 0.008 0.003 0.006
1.046 0.787 3.280 1.000 1.057
1.124 0.539 0.460 0.004 0.004
—0.085 —0.046 —-0.336 -0.114 —0.103
—0.050 —0.050 —-0.491 -0.120 —0.139

RT WEMNO0%E 3.0%EU ST NIERELEE
Tab.7 Degree of change of the various stress indicators
when the slope changes from 0% to 3.0%

%

Item Change

range
Slope 0~30
Equivalent stress of wheel-rail system 0.13
Equivalent stress on rail surface 0.44
Normal stress on rail surface -0.26
Total pressure on rail surface 0.04
Longitudinal shear stress on rail surface 8.40
Rail surface friction 3.18
Shear stress in XY direction of wheel-rail system -0.76
Shear stress in XY direction of rail —-0.89
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