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Detection of buffer layer defects of in-service high-voltage cables
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Abstract: The ablation fault in the buffer layer is one of the main factors of high-voltage cable fault. Due to the complex on-site
environment and the need to achieve a certain angle of relative rotation for CT detection of objects, there is no equipment for CT detection
of high-voltage cables in service at present. A portable detection system for on-site application is designed by using the local CT imaging
mode of X-ray source translation scanning and verified by experimental simulation and experimental platform, which realizes online CT
detection of defects in high-voltage cable buffer layer in service. For the buffer layer of 110 kV high-voltage cable, the hole defect of
@1 mm can be detected, and the defect of @2 mm can be detected for 220 kV high-voltage cable. After collecting 2 016 CT images with
defects, combined with 802 circumferential CT images of cables with the similar structure, the method of migration learning is used to
achieve automatic defect detection, with an accuracy rate of 87.6% , a recall rate of 93.5% , and a missed detection rate of 6.5% ,
which are close to the level of circumferential CT.

Keywords :local computed tomography; high-voltage cables; buffer layer defect; transfer learning
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(a) Three-dimensional imaging model
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(b) Two-dimensionalgeometric model
K1 L-STCT /%L
Fig. 1 L-STCT imaging geometry
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Fig.3 Simulation phantom

(a) 110 kKVELSI5 Bk
(a) Phantom of 110 kV cable
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Table 1 Scanning parameters of simulation

240 15 18
LS E S/ mm 100 160
SR VRN LS A FEES F/mm 220 220
PRI 5 1 96 BE d/mm 210 210
FICRF/mm 0.205 0. 205

PRIt 500 500
SHELPEATAR s/mm 200 200

o 512x512 512x512
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(a) Original image
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Fig.4 Local reconstruction results of 110 kV cable
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(b) The image after correction
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Fig.5 Reconstruction results for different source
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(a) Detector length 105 mm
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(b) Detector length 315 mm
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Fig. 6 Reconstruction results for different detector size
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Fig. 7 Reconstruction results for different distance

from source to detector
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Fig. 8 Practical experiment platform
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(a) Experiment specimen of 110 kV
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(b) Experiment specimen of 220 kV
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Fig.9 Practical experiment specimen
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Fig. 10  Reconstruction results of 110 kV cable
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Reconstruction results of 220 kV cable
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Fig. 12 Design drawing of portable device
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B 13 Cascade R-CNN &[5 {50 /9 4%
Fig. 13 Cascade R-CNN network of defect recognition
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Table 2 Training parameters setting of the contrast

experiment
e H
e R 100
R 1
A K28 L [0.3,0.4,0.5]
SRk 0.001 25

P 28 AGHI AR AN AT 14 7R

(b) 110 kVHLZEGRIE B BRI

(a) 220 kV LS5 B IE B Bkl
(a) Automatic detection of (b) Automatic detection of
220 kV cable 110 kV cable

K14 Bk A s iacR

Fig. 14  Diagram of automatic defect detection
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Table 3 Results of different training methods
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