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Quantitative method for ultrasonic testing of lead seal
defects in high-voltage cable accessories

Fang Chunhua Zhou Gu Rao Di  Guo Yongyu Huang Weili Bie Qihan

(College of Electricity and New Energy, China Three Gorges University, Yichang 443002, China)

Abstract: Phased array ultrasonic technology can be used to detect lead seal defects in high-voltage cable terminals. In order to solve the
problem that conventional ultrasonic quantitative methods cannot effectively detect and quantify lead seal defects, this paper proposes a
quantitative detection method for lead seal defects in high-voltage cables based on ultrasonic fan-scan images. The method takes the
longitudinal wave fan-scan image of the lead seal defect as the object and combines the threshold segmentation and corrosion algorithm to
obtain other relevant information such as the cross-sectional area of the defect and the height of the defect in real time. Firstly, an
ultrasonic testing platform for lead seal defects of high-voltage cable terminals was built to detect lead seal defects of different diameters
represented by holes and slag inclusions. Then, threshold segmentation and corrosion algorithm processing were performed on the
collected fan-scan images of lead seal ultrasonic testing, and quantitative analysis of defects was carried out and compared with the
traditional —6 dB quantitative results. Finally, the influence of different diameter defects on ultrasonic quantitative results was discussed.
The results show that compared with the traditional —6 dB method, the distance error measured by this method is reduced by 5%, the
defect size accuracy is improved by 10%, and the accuracy rate is more than 85%. However, when the diameter of the lead seal defect
increases, the defect measurement error also increases. This method verifies that the phased array ultrasonic technology can detect and
quantify the lead seal defects of high-voltage cables efficiently and intuitively. It provides an important reference value for the engineering
application of lead seal defects of high-voltage cables, which is helpful to improve the quality of lead seal process of high-voltage cable
terminals and ensure the safety of power grid operation.
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Fig.1 The basic flow chart of ultrasonic phased array

transmitting and receiving sound waves
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Fig. 2 Schematic diagram of lead sealing defects detected

by longitudinal wave ultrasonic fan scanning
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Fig.3 Schematic diagram of defect measurement in

longitudinal wave sector scanning sector scanning image
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Fig. 4 Schematic diagram of conventional

—6 dB quantitative method
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Fig.5 Measurement of internal defects in lead seals

by fan sweep reflection wave method
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Fig. 6 The basic process of defect feature extraction
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Fig.7 Grayscale processing of original fan scan images
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threshold segmentation processing
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(a) Schematic diagram of the location of lead seal defects
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Fig. 10 Lead sealing sample of cable terminal
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Fig. 12 Ultrasonic testing platform for lead seal

defects in high-voltage cable terminals
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Fig. 13 Lead seal ultrasonic test image
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Fig. 14 Production of physical images of

internal defects in lead seals
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Table 1 Traditional —6 dB method quantitative results

BGEAR,  EBRREE, RRGE RER e EhiRZE/
mm mm mm mm %
D=3 15 2.41 16.3 19.6
D=4 18 3.32 20.2 17
D=5 18 4.21 19.8 15.8
D=6 15 3.95 17.3 34.17
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Fig. 15 Feature extraction of defects of different sizes
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Table 2 Comparison of quantitative results of lead seal defects of different sizes
B HAR Gl 2/ mm I F AL mm® Bep A /mm S S HER L BE K/ mm 25 58/ mm
D=3 mm 12.4(4.6%) 6.1(13%) 8.8(6.5%) 0.69(8%) 2.7(10%) 1.8(20%)
D=4 mm 13(0%) 13.35(5.8%) 11.5(8. 4%) 1.16(16%) 4.2(5%) 2.2(10%)
D=5 mm 13.1(0.7%) 20.7(5.4%) 12.75(3.2%) 1.62(29.8%) 5.2(4%) 2.9(16%)
D=6 mm 13.2(1.5%) 33.8(19.6%) 19.87(5.4%) 1.7(13%) 5.6(6.7%) 3.6(20%)
D=8 mm 12.6(3%) 62.6(24.5%) 23.2(7.6%) 2.7(35%) 6.8(15%) 4.3(7.5%)
on eddy current detection of lead seal defects in high-
3 z:'n: 'I,/P_\, voltage cable accessories [ J]. Shandong Electric Power
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