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Measurement Method for Vibration Characteristics of Oil-immersed Reactors
Based on Visual Enhancement

ZHU Lingyu', ZHANG Yukun', LI Jinyu?, JI Shengchang!, ZHAO Zhenjie!, LI Zhili!
(1. State Key Laboratory of Electrical Insulation and Power Equipment(Xi’an Jiaotong University), Xi’an 710049, China;

2. China Electric Power Research Institute, Wuhan 430074, China)

Abstract: Visual measurement methods can be adopted to directly obtain vibration images with high spatial resolution
and time synchronization, and have broad application prospects in synchronous measurement of vibration images and
mechanical condition evaluation of oil-immersed reactors. Due to the fact that the vibration amplitude of power reactors is
only at the micron level, existing 3D digital image correlation (3D-DIC) techniques suffer from limited accuracy in iden-
tifying such small-scale motions. To address this issue, this paper proposes a vibration measurement method for
oil-immersed reactors based on visual enhancement by integrating vision phase motion magnification (VPMM) with
3D-DIC. First, the effectiveness of VPMM in extracting single-frequency micro-vibration signals is validated, showing a
deviation of less than 0.7 um between the measured amplitude and the actual value. Meanwhile, the method demonstrates
higher spatial resolution and temporal synchronization. Second, the accuracy of the visual-enhancement-based method in
capturing multi-frequency micro-vibration signals of the reactor is verified. Compared with traditional 3D-DIC, the com-
bined VPMM+3D-DIC approach achieves higher fidelity in reconstructing micro-vibration signals and their spectral
content. Finally, the operational deflection shape (ODS) of the reactor tank under different excitation voltages and me-
chanical conditions are measured. The results show that the ODS remains stable under voltage fluctuations (SSIM>0.85)
and is sensitive to loosening defects (SSIM<0.09). Overall, the proposed method achieves high-precision vibration re-
sponse measurements, and the extracted fundamental mode shapes not only reflect the stability under voltage variations
but also exhibit high sensitivity to mechanical conditions.

Key words: reactor; digital image correlation; vision phase motion magnification; visual enhancement; vibration
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Table 1 Restoration degree of vibration signals by 3D-DIC

U - A /um PCC MI SAM NSI
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88.7 0.973 2 1.402 6 0.169 0 0.364 2
45.6 0.9347 0.991 1 0.273 7 0.287 6
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Table 2 Restoration degree of signals from different meas-

urement points by VPMM+3D-DIC

W R PCC MI SAM NSI
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4 0.992 0 1.9816 0.1239 04821
5 0.949 1 1.113 6 0.279 6 0.2727
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