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Abstract

To address the limitations of traditional contact-based wheel-rail force measurement methods in
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continuous in-service measurement and non-destructive monitoring, a non-contact measurement
method for wheel-rail forces of railway vehicles based on three-dimensional digital image correla-
tion (3D-DIC) was investigated. The displacement field of the observation region on a deep-dish
wheel under static loading conditions was obtained, and the displacement response characteristics
under single and combined loading conditions were analyzed. The spatial average displacements in
the Y and Z directions of the observation region were extracted as identification features. Based on
single-load calibration tests, a wheel-rail force decoupling model was established and validated un-
der combined loading conditions. The results show that the proposed decoupling method can effec-
tively realize non-contact identification of wheel-rail forces. Under the current static bench test con-
ditions, the average relative errors of the identified vertical and lateral forces are 4.49% and 5.96%,
respectively. These results verify the engineering feasibility of applying 3D-DIC to the non-contact
identification of wheel-rail forces and provide methodological support for monitoring wheel-rail
interaction states.
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Figure 1. Structure of the test bench
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Figure 2. Experimental setup: (a) vertical loading; (b) lateral loading
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Figure 3. Speckle images captured by the left and right cameras
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Table 1. Settings of experimental loading conditions
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Figure 4. Displacement contour map under vertical load
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Figure 5. Displacement contour map under lateral load
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Figure 6. Fitting curves of mean displacement within the ROI versus applied load: (a) vertical load vs. Y-displacement; (b)
vertical load vs. Z-displacement; (c) lateral load vs. Y-displacement; (d) lateral load vs. Z-displacement.
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Figure 7. Displacement contour map of the ROI under combined loading conditions
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Table 2. Decoupled identification results of wheel-rail forces under combined loading conditions
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