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Abstract. An instrument that measures wheel-rail appearance is used to measure the size
of the wheel and rail in the section of the Baishigiao South Station of Beijing Metro Line 6
to develop a finite element entity. Different working conditions such as axle load and
traction are considered. The results show that: Under axle load, the matching performance
of wheel I/rail 11 is improved, its contact area is the largest, and its equivalent stress and
contact force are minimal; Under traction force, the matching performance of wheel I/rail
I is improved, and the shear stress and equivalent stress are minimal, and thus is ideal.

1 Introduction

Beijing Metro Line 6 is a city rail line in the east-west direction. Experts worldwide have conducted
extensive research on issues with regard to the matching of the wheel and rail surfacel!’. Meanwhile,
Shevtsov ** treated the rolling radius difference curve.

The typical wear wheel profile is selected, and the finite element software ABAQUS is used to
create the wheel-rail geometric finite element contact model . The mechanical properties of the
wheel-rail profile under axle load and traction are compared, and the contact spot, contact force, and
contact stress are compared P!,

2 Surface test method

In the subway vehicle operation process, wheel and rail wear is inevitable, as shown in Figure 1, for
wheel and rail operation after a period of wear. A light band appears on the rail contact surface, and an
uneven phenomenon occurs because of creep wheel wear [,
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(a) wheel wear situation (b) wheel wear situation
Fig.1  Wear of wheel and rail
Figure 2 is selected on the line of four different wear periods of the wheel wear surface comparison
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chart. The wheel tread wear is severe, and the rim is thin. In the middle of the tread, less wear is
observed, and the flange part indicates increased wear. The tread on the outer side shows little wear.
Finally, a flash is produced, implying plastic flow. In Figure 3, in the profile I surface for the standard
60-profile rail surface and the profile II surface for the selected wear-resistant rail surface, and a tip
was observed on the inside of the rail, thereby resulting in plastic flow during rail wear [,

Fig.2  Comparison of wheel profile Fig. 3  Comparison of rail profile

3 Model established
The finite element software ABAQUS was used to establish the finite element model of the
two-wheeled wheel and rail. Given that the spoke structure does not affect the wheel and the changes

Fig. 4 Finite element model Fig. 5 Meshing of contact area
4. Calculation of results and analysis

4.1 Comparison of wear wheel/wear track and wear wheel/standard wheel

Figure 6 shows the comparison between the equivalent stress and contact pressure. The equivalent
stress size is compared under the 1029 MPa wear wheel/standard rail matching condition. In addition,
829 MPa under the wear wheel/wear track condition is 19.9% lower than the former. This is the
normal contact pressure comparison situation. Wheel/standard rail matching conditions for the
1993 MPa, wear wheel/wear rail matching conditions for 1045 MPa is 47.6% lower than the former.
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Fig.6  Comparison of each index

4.2 Comparison of different wear wheels and the same wear track
The matching of wheel profiles I-IV with rail profile II is carried out to explore the matching
mechanical properties of the wheel and rail profile under the two conditions. Figure 7 shows the
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distribution of contact spots of surface, and Table 1 shows the size of the contact area.
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(c) Profile 111 wheels match profile Il rails (d) Profile IV wheels match profile Il rails
Fig. 7 Distribution of contact spots of surface

Table 1  Comparison of the size of contact area

Wheel / rail match Contact spot area (mm?)
Profile | wheels match profile I rails 119.186
Profile 1l wheels match profile Il rails 63.4775
Profile 111 wheels match profile Il rails 55.1467
Profile IV wheels match profile Il rails 58.6002

As can be seen from Table 1, the contact spot area of the wheel profile I/rail profile II is the largest
at 119.186 mm®. Furthermore, the wheel profile I /rail profile II’s contact areas are smaller than that in
wheel profile [I/rail profile II, wheel profile Ill/rail profile 11, and wheel profile [V/rail profile II.

Figure 8 shows the equivalent stress comparison in wear between wheel profiles I-IV and rail
profile II rail under condition 2. The equivalent stress of wheel profile I/rail profile II is 609.9 MPa,
and the distribution of contact area is similar to that of wheel and rail profiles II, III, and IV. The
equivalent stresses of rail profiles II, III, IV increases by 40.4%, 62.3%, and 39.5%, respectively,
compared with wheel profile I/rail profile II.
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(a) Profile 1 wheels match profile I rails

(b) Profile Il wheels match profile 1 rails
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(c) Profile 111 wheels match profile Il rails  (d) Profile IV wheels match profile 11 rails
Fig. 8  Comparison of equivalent stress between wear wheel and rail

5 Conclusion
(1) Under axle load, the matching performance of wheel I/rail II is improved, its contact area is the
largest, and its equivalent stress and contact force are minimal.

(2) Under traction force, the matching performance of wheel I/rail II is improved, and the shear

stress and equivalent stress are minimal, and thus is ideal.
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