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Abstract

To address the problems of prone sliding and insufficient adhesion utilization during braking of ur-
ban rail transit vehicles under low-adhesion rail surface conditions caused by anti-wear fluid me-
dium, this paper conducts wheel-rail adhesion characteristic tests under anti-wear fluid medium
conditions based on a circulating wheel-rail adhesion simulation test rig, and obtains adhesion-slip
curves in the speed range of 20~80 km/h. A three-dimensional wheel-rail adhesion model reflecting
the “double-peak” characteristic is constructed by least squares fitting, revealing the variation law
of adhesion coefficient with slip ratio and speed under an anti-wear fluid medium. On this basis, a
composite anti-slip control strategy combining small slip and large slip is proposed: in the low-speed
stage, the slip ratio is controlled around 0.06 to utilize the first peak adhesion; in the high-speed
stage, a speed difference threshold of 20 km/h is used to switch to large slip control to utilize the
second peak adhesion, and 50 km/h is set as the control mode switching point. A train longitudinal
dynamics model is established based on Simulink for simulation verification. The results show that
compared with pure small slip control, the proposed optimization strategy increases the average
utilized adhesion by 14.2%, reduces braking distance by 9%, and reduces frequent charging and ex-
hausting actions of the brake cylinder, thereby improving the economy and reliability of anti-slip
control. The research results can provide a theoretical basis for parameter tuning of train anti-slip
control under low-adhesion medium conditions such as anti-wear fluid.
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Figure 1. Overall structure of the loop-type wheel-rail adhesion simulation test rig
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Figure 2. Spraying anti-wear fluid medium on the rail surface
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Figure 3. Comparison between wheel-rail adhesion test results and curve fitting results
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Figure 4. Three-dimensional wheel-rail adhesion model with anti-wear fluid medium
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Figure 5. Stick-slip curves at different speed levels under the anti-wear fluid

medium operating condition
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Table 2. Corresponding positions of peak adhesion coefficient points at different speed levels

F2 BREFRTHHERREESMNNAE

# JEE (km/h) s1 Avi (km/h) S2 Avz (km/h)
20 0.024 0.48 / /
30 0.024 0.72 / /
40 0.025 1 / /
50 0.026 1.3 0.4 20
60 0.027 1.62 0.35 21
70 0.029 2.03 0.29 20.3
80 0.03 2.4 0.265 21.2
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Figure 6. Schematic diagram of longitudinal dynamics analysis of various components of a single
vehicle
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Table 3. Optimization of anti-slip control strategy under the anti-wear fluid and small-slip control mode
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Table 4. Comparison of braking distance and average utilized adhesion for the anti-wear fluid small-slip optimization scheme
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Figure 7. Three-dimensional dynamic process of adhesion utilization (Small-slip)
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Figure 8. Changes in vehicle speed, axle speed, and brake cylinder pressure under the small-slip optimization scheme
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Table 5. Optimization of anti-slip control strategy under the anti-wear fluid and large-slip control mode
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Table 6. Comparison of braking distance and average utilized adhesion for the anti-wear fluid large-slip optimization scheme
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Figure 9. Three-dimensional dynamic process of adhesion utilization (Large-slip switch to small-slip)
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Figure 10. Comparison of axle speed and brake cylinder pressure between large and small slip control modes
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