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Design and Application of Ultrasonic Guided Wave
Rail Fracture Monitoring System
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Abstract: To monitor rail health in real-time and provide early warning of rail fracture damage, this study proposes a broken
rail detection method that combines ultrasonic guided wave detection and variational mode decomposition signal processing
technologies. The system workflow and hardware circuits of each module were designed and constructed according to the
requirements for rail fracture detection. A three-dimensional rail model was created using finite element simulation software
to analyze the propagation speed of ultrasonic guided waves within the rail and assess the feasibility of the noise reduction
technique. The system’s effectiveness was verified through equipment installation tests on Suzhou Metro Line 5, where artificially
simulated rail fractures were used. The results demonstrated that, upon rail fracture, the system achieved a remote alarm time
of 3 minutes and the defective positioning error is 1.1%, providing a reliable approach for rail fracture monitoring.
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Figure 1 Reflected-wave method
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Figure 2 Transmittedwave method
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Figure 3  Ultrasonic guided wa0ve monitoring
hardware system
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Figure 5 Software platform structure of ultrasonic guided

wave broken-track monitoring
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Figure 6 Device deployment mode
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Figure 8 VMD algorithm flow
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Figure 9 Finite element model of the rail
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Figure 10  Ultrasonic guided wave propagation cloud
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Figure 11 Raw signal and noisy signal
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Figure 12 EMD algorithm processing results
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Figure 13 Processing results of the VMD algorithm
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Figure 14 Test platform construction
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Figure 15 Curve section
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Figure 16 Time-domain comparison of direct wave signals
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Figure 18 Installation condition
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Figure 19 Monitoring system operation
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Figure 21  Original signal of reflection wave before
and after saw rail
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Figure 24  Envelope signals
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Figure 25 Defect echo signal
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