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Abstract

To address the challenges of heavy equipment and radiation exposure associated with X-ray inspec-
tion of internal steel pipes in high-voltage transmission line compression joints, this paper proposes
anon-destructive testing method based on permeability locked-in amplification. A specialized per-
meability probe, consisting of a silicon steel core with excitation and detection coils, was designed to
extract magnetic characteristic variations from the internal steel pipe. A weak signal processing circuit,
centered on orthogonal lock-in amplification, was developed to extract the quadrature components
of the signal from a high-noise background through switching demodulation and low-pass filtering,
enabling the calculation of signal amplitude and phase. Experiments conducted on LGJ-400/35 trans-
mission line compression joints demonstrated that the system exhibits noise below 50 mVpp, enables
clear identification of the steel pipe location with a positioning accuracy better than 10 mm, and the
developed portable system weighs only 2.9 kg, significantly less than traditional X-ray equipment (typ-
ically 13~40 kg). This research provides an effective, lightweight, and high-precision solution for qual-
ity inspection of high-voltage transmission line compression joints, facilitating the advancement of
automated line inspection.
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Figure 1. Compression joint form and location of lap-spliced ACSR cable
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Figure 2. Schematic diagram of the permeability probe and its installation: (a) Cross-sectional view; (b) Side view
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Figure 3. Block diagram of the steel core compression detection circuit for ACSR based on lock-in amplification structure
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Figure 4. Physical image of a lap-spliced compression joint for high-voltage transmission lines
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Figure 5. Physical images of the system test experimental platform: (a) Permeability detection probe; (b) Acquisition circuit;
(c) Experimental platform
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Figure 6. Dual-channel quadrature output results from the signal processing circuit: (a) In-phase output; (b) Quadrature output
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Figure 7. Scanning data diagram from permeability detection on an ACSR compression joint: (a) Amplitude; (b) Phase
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