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Research on bolt looseness monitoring of steel tower
flange joint based on time inversion technology

YAN Zunhao, XU Jing” , ZHANG Duan, REN Shixun
(School of Civil Engineering, Qingdao University of Technology, Qingdao 266525, China)

Abstract; With the continuous increase of the installed capacity of wind power, China’s scale
of wind power ranks first in the world all year round, which puts forward higher require-
ments for the healthy operation of wind power support tower. Aiming at the problems that
the connecting bolts inside the steel tower flange joints are invisible and the looseness is
small and difficult to detect, a monitoring method of bolt looseness of steel tower flange
joints based on time inversion technology is proposed. The correlation between the peak val-
ue of stress wave focusing signal and the bolt preload of flange joint is established by theoret-
ical derivation, which provides a theoretical basis for the proposed method. A scaled flange
joint model of wind turbine steel tower is designed and fabricated. Different torques are ap-

plied to the bolts at the flange joints to simulate different loosening states of the bolts. Un-

%5 B #A: 2023-09-06

E2TH  ILEREE ARPIEEES (ZR2021ME033; ZR2021ME239)

TEFEE N ERRA999— ). BL InREED A . B AF5 07 7 R M . E-mail: yanzh0945@163. com.

* WIEEE #1976 ) & IWART SN T, BB, B A i 8 2 (v 0 245 ) B W 0 45 )y TG A9
E-mail : jingxul80@163. com,



26 RO TR R 546 &

der the excitation of Gaussian pulse signal, a lead zirconate titanate piezoelectric ceramics
(PZT) is pasted on the bolt cap as a driver to generate stress waves, and another PZT sheet
is pasted on the flange plate as a sensor to receive stress wave. The peak value of stress wave
focusing signal is used as the bolt loosening monitoring index, and the bolt inside the joint is
monitored according to the change of monitoring index. In order to verify the repeatability of
the method, three bolts are randomly selected for the repeatability test with the same steps.
In order to further verify the anti-noise performance of the method, a metal rod is used to
rub against the steel tower to simulate and monitor the impact of noise, and the anti-noise
test is carried out. The model test results show that the proposed method has good effective-
ness, repeatability and noise resistance, so as to provide a new idea for the health monitoring
of steel tower flange joints of wind power support tower structure.

Key words: health monitoring; bolt looseness monitoring; time inversion technology; steel

tower flange joint; piezoelectric ceramic sheet
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