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Abstract

With the large-scale deployment and operation of power cables in urban power grids, faults resulting
from insulation degradation of power cables pose a significant threat to the reliable operation of power
systems. There is an urgent need for online monitoring of cable insulation degradation as well as precise post-
fault location technologies. In this thesis, an online monitoring method for cable insulation defects based on
active signal excitation and frequency domain analysis is proposed, and a frequency domain-based cable fault
accurate location technology utilizing quantitative sweep frequency bandwidth is investigated. The primary
contributions and innovations are summarized as follows:

(1) In the field of cable insulation online monitoring, to address the limitations of traditional methods
characterized by passive responses, an active signal injection monitoring approach is proposed. This method
leverages the time-varying nature of distributed parameters capacitance and conductance during insulation
degradation. Based on the principle of electromagnetic induction, a pulse signal generated by an RLC
oscillator circuit is injected into the cable's head end, and the pulse impulse response at the cable's termination
is measured to monitor insulation defects. A 10kV XLPE cable multi-condition model was constructed using
the PSCAD/EMTDC simulation platform for validation. The results indicate that the monitoring system can
effectively identify insulation defects online when the real part change of the complex dielectric constant of
the insulation material exceeds 15.5%, thereby providing a novel and effective solution for cable insulation
defect monitoring.

(2) To address the issue of spectral period distortion in the first-end reflection coefficient caused by
frequency variation in the speed of the traditional frequency-domain reflection method, an enhanced spectral
reconstruction approach for the reflection coefficient is proposed. This method incorporates the relationship
between cable distribution parameters and line-wave characteristic parameters to reconstruct the spectrum of
the first-end reflection coefficient, thereby eliminating the inconsistency in the spectral period of the
traditional first-end reflection coefficient.

(3) To address the issues of excessive bandwidth and high frequency in traditional fault location methods,
this paper builds upon the previously proposed fault location principles based on the periodicity of the
reflection coefficient spectrum curve and the generalized orthogonal integration algorithm model. It
establishes a quantitative expression for the shielding distance and sweep bandwidth in cable fault location
and proposes a bandwidth-quantified fault location method. Simulation tests on a 1.5 km 10 kV cable

demonstrate that the reflection coefficient spectrum periodicity-based method achieves a location accuracy



of <1 m for high-impedance, low-impedance, and insulation defect faults, except at the critical shielding
distance, where the accuracy remains <5 m. Meanwhile, the generalized orthogonal integration-based method
achieves a maximum error of <2 m (relative error 0.13%) for high-impedance faults, <10 m (relative error
0.66%) for low-impedance faults, <7 m (relative error 0.46%) for latent faults induced by insulation defects,
and <10 m for multi-point faults. The proposed bandwidth quantification method reduces the conventional
sweep bandwidth requirement from 20 MHz to below 1 MHz (for fault shielding distances >50 m, a 95%
reduction) while cutting the number of required data points from 1,900 (with a 20 MHz sweep bandwidth) to
76, a 96% reduction. Despite this, the location accuracy remains within an absolute error of < 10 m,
demonstrating significant engineering application value.

The online monitoring of insulation defects and the fast ranging method after cable faults proposed in
this thesis can significantly improve the reliability of distribution network operation and enhance the level
of intelligent and fast operation and maintenance.

Key words: cable insulation condition monitoring; fault location; reflection coefficient spectral

reconstruction; frequency domain reflection; swept bandwidth quantization
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