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Rail Temperature Stress Monitoring Method Based on
Critical Refraction Longitudinal Wave

Sun Liujia,li Zaiwei,Fan Guopeng,He Yuelei
(School of Urban Railway Transportation, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract: The traditional temperature stress detection method is restricted by the detection principle and the ef-
ficiency of sensor elements, so it is difficult to monitor the temperature stress of continuously welded rail (CWR)
quickly and accurately in real time. Based on the principle of acoustic elasticity, the optimal incident angle of
ultrasonic longitudinal wave is calculated by using Snell theorem, and the real-time temperature stress detection
of CWR is realized through the neutral temperature point. The hardware and software systems of temperature
stress on—line monitoring are built up to practice the theoretical algorithm. The real-time monitoring waveform is
sent to the cloud server by mobile network transmission. The peak of the original waveform is taken as the char-
acteristic data, and the interference of residual stress on the temperature stress detection results is removed by
calibration experiment. The results show that the critical refracted longitudinal wave can effectively measure the
temperature stress of CWR rail. Combined with the established hardware and software system, it provides a new
way for the management of key parameters of CWR service performance. It is suggested that the proposed rail
temperature stress monitoring scheme be popularized.
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Tab.1 Material parameters of 60 kg/m rail

Name Symbol Unit Value
Elastic modulus E Pa 20.9x10"
Poisson’s ratio u Dimensionless 0.29
Density p kg/m’ 8.9x10°
Lame constant A Pa 11.58x10"°
Lame constant w Pa 7.99x10"
Murmaghan constant t Pa -24.8x10"
Murmaghan constant m Pa -62.3x10"
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Fig.2 Rail stress acoustic time difference diagram
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Tab.2 The main modules of calibration experiment system

Module Technical parameter

Pull range :

10~50 kN
Tensile testing machine
Power accuracy :

<0.8%

Measurement accuracy :

+1 MPa

Ultrasonic stress meter

Maximum tensile force :

50 kN

Fixture
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Fig.4 Stress— acoustic time relation curve of calibration
experiment
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