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Rapid Detection Method for Metro Rail Corrugation Based on
Vibration Energy Ratio

CHEN Rong'?, XU Zhou'*, CONG Jianli*?, XUE Min'?, AN Boyang'?, WANG Ping"*
(1. School of Civil Engineering, Southwest Jiaotong University Chengdu, 610031, China)
(2. Key Laboratory of High-Speed Railway Engineering, Ministry of Education, Southwest Jiaotong University
Chengdu, 610031, China)

Abstract To investigate the data-driven evolution of rail corrugation in subways, a spatio-temporally dense
measurement method is proposed for rapid detection. First, high-precision sensors are used to measure car-body
vibration, collecting triaxial acceleration data. Second, vehicle speed and mileage position are estimated by fus-
ing triaxial vibration acceleration from different car bodies. Then, the vertical vibration acceleration of the car
body is decomposed via wavelet packet analysis, and a vibration energy ratio index is defined as the ratio of the
energy in the characteristic frequency band excited by rail corrugation wavelength to the total vibration energy.
The vibration energy ratio threshold is set to automatically identify rail corrugation and output mileage informa-
tion. Finally, the corrugation wavelength is derived from the ratio of vehicle speed to characteristic frequency,
and the relationship between vibration energy ratio and corrugation amplitude is analyzed. Results show that us-
ing a vibration energy ratio threshold of 0.2 yields corrugation mileage distribution consistent with that from
noise-based identification, and the calculated corrugation wavelength matches the measured value of 175 mm
from a corrugation analyzer. Statistical clustering reveals that the relationship between rail corrugation amplitude
and vibration energy ratio is not purely linear. Line-wide rapid detection shows that non-corrugated sections ac-
count for 76.56 % of the track, while corrugation sections account for 23.44% . Among the corrugated sections,

those with wavelengths below 60 mm dominate (77.88% ), whereas those above 60 mm account for 22.12%.

Keywords rail corrugation; car-body vibration acceleration; wavelet packet analysis; vibration energy ratio;

characteristic frequency band

Parameter Identification for Dielectric Elastomer Actuators
Based on Transient-Extracting Transform

MENG Lili*, WU Zihao', WANG Xiaojian®, LI Fucai’
(1. School of Mechanical and Electrical Engineering, Chian Unversity of Mining and Technology =~ Xuzhou, 221116, China)
(2. School of Mechanical Engineering, Shanghai Jiao Tong University ~Shanghai, 200240, China)

Abstract A parameter identification method is proposed to accurately capture the nonlinear dynamic character-
istics of dielectric elastomer actuators (DEAs). First, the response signal of the actuator is acquired under
swept-frequency excitation using the time-frequency analysis capability of the transient-extracting transform
(TET). Then, the harmonic and fundamental frequency components are separated and extracted, and the trans-
fer functions for each component are computed to derive the overall transfer function of the DEA. Finally, the re-
sults are compared with experimental data. The proposed method achieves a fitting accuracy of 92.11% for the
fundamental frequency transfer function and 90.35% for the second harmonic transfer function. This approach
does not require prior knowledge of material properties or {ree energy density functions, and incorporates the in-
fluence of high-order harmonic components, offering a novel solution for parameter identification in electroactive

material structures.

Keywords dielectric elastomer actuator; parameter identification; transfer function; transient-extracting trans-

form



