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Study on ablation mechanism of water-blocking buffer layer in high
voltage XLPE cable
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Abstract: To study the ablation mechanism of water-blocking buffer layer in high-voltage cable and reveal its critical
conditions, the dielectric performance parameters of water-blocking buffer layer material with different water contents were
measured. A three-dimensional non-axisymmetric corrugated aluminum sheath structure cable geometric model was
constructed based on gravity effects to conduct electro-thermal-flow multi-physics field coupled finite element simulation.
Experimental verification was conducted using a constant current simulated ablation test system, and the voltage and
temperature variations during the ablation process were monitored in real-time. The results show that poor contact and
moisture are necessary conditions for ablation. When the aluminum sheath is poorly contacted with the buffer layer, electric
field concentration occurs near the gaps at the well-contacted positions, and partial discharge can be triggered when the
moisture content reaches 5%. In well-contacted areas of buffer layer, capacitive current concentration causes localized
temperature rise, and the local temperature would reach the ablation initiation threshold at the water content of 25%.
According to the experimental results, ablation only occurs when the aluminum electrode is poorly contacted with the buffer
layer, while only electrochemical corrosion is observed under good contact conditions. Electrochemical corrosion initially
produces high-resistance white powder, followed by partial discharge, which makes the voltage and temperature rise
steadily. With the occurrence of partial discharge, the voltage can reach 147 V, and the temperature can reach 187.8°C,
causing partial melting of polyester fibers in the buffer layer, further leading to current concentration, and ultimately causing
thermal breakdown of the water-blocking buffer layer material.
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Fig.1 Corrugated aluminum sheath cable model
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Table 1 Geometric and material parameters

#5H HME/mm FEE/mm XA BREE BSR(S/m) SREAEB/(W/(mK)) R /(I (kg K)) I /(kg/m®)
SRS 15.15 — 1.0x107 5.998%10’ 400 385 8 890
FBE 16.45 1.30 100 1x107 0.4 2180 1150
XLPE 32.95 16.5 2.3 1x107% 0.286 2 600 930
Hit G 33.95 1.00 100 2x107 0.4 2180 1150
BHAK 2 2 36.95 3.00 bR R N IUE=KEER 0.5 2120 140

AR 38.95 2.00 1 1x107' 0.025 1000.4 p

E G AE 46.75 2.30 1.0x107 2.746x107 238 900 2700
SN 49.40 2.65 225 1.6x107"* 0.2 2000 100

VB B MK N 1.5 m, KM E 58 E
il A RS BP9 0.75 m, i B 4F KR 0.75
m, AN B 5 AT 4K 50% ; LSRS0S B %
98.8 kKVOHH HLEAE, B LR IR B RECH 1.1, %

JRE B JER OB e 92 [ FELUA 1 800 AL #R 9 B AR R T
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Fig.3 Measurement results of dielectric parameters
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Fig.4 Field intensity distribution at the gap
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Fig.6 Axial temperature distribution cloud of cable
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Table 3 Specimen specifications and condition settings
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Fig.9 Simulated ablation test results at point contact
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Table 4 Ablation characteristics under different conditions
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135 min simulated ablation test results
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Fig.12 Microscopic morphology images
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Table 5 Types and contents of element
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Fig.11 Measurement results of voltage and temperature
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