J. Korean Inst. Electr. Electron. Mater. Eng.
Vol. 36, No. 6, pp. 570-575 November 2023
doi: https://doi.org/10.4313/JKEM.2023.36.6.5
ISSN 1226-7945(Print), 2288-3258(Online)

Regular Paper

<> =
=, dllE
270l 2 TATE]

Insulation Characteristics Evaluation of Submarine Cables
Inside the J-Tube of Offshore Wind Farms

Seung-Won Lee, Jin-Wook Choe, and Hae-Jong Kim

Power Cable Research Center, Korea Electrotechnology Research Institute, Changwon 51543, Korea

(Received July 28, 2023; Revised August 11, 2023; Accepted August 11, 2023)

Abstract: Demand and necessity for eco-friendly offshore wind farms have been increasing. Research on submarine cables is

constantly being considered for a reliable and stable power transmission. This study aimed to evaluate the thermal aging

characteristic of submarine cables inside the J-tube of offshore wind farms. In this study, a submarine cable was set in three

sections: The first is the part exposed to the air above the sea level at high temperature. The second is the section exposed to

repeated temperature fluctuation as the sea level rises and falls. The third is the part submerged at low temperature below the sea

level. Aged samples were tested by using the method of electrical evaluation to obtain insulation characteristics. The

experimental results show that the dielectric breakdown of the sample with temperature fluctuation was 7% lower than the sample

with a constant temperature; thereby, demonstrating that the section where the temperature fluctuation occurred in the submarine

cables was weaker than the other. The sections of submarine cable with temperature fluctuations are believed as a weak point

during operation; therefore, this part should be monitored preferentially.
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Fig. 1. Submarine cable inside J-tube of offshore wind farm. Fig. 2. Circuit and vector diagram for tang.
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Fig. 3. Cross section of 66 kV three-core submarine cable.
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Fig. 4. Flow chart for manufacturing test samples in sheet form.
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Fig. 5. Test samples in sheet form.
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Fig. 6. Thermal aging conditions for 1 cycle.
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Fig. 7. Thermal aging test using oven.

Table 2. Aging conditions of the test sample according to the area of
submarine cable inside J-tube.

Area Condition of thermal aging Period
SEC. 1 High temperature, 95°C 410 hours
Temperature fluctuation
1 cycle = 10 hours
SEC.2 (95°C temp};rature rise for 3 hours, 82 cycles
hold for 2 hours, cooling for 5 hours)
SEC. 3 Low temperature, 25°C -
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Table 3. Measurement conditions according to methods of insulation
characteristics evaluation.

Method Measurement condition

Applied with 10 kV (DC)
Measuring time of 1 min

Applied with AC 100 V (60 Hz)
Ramping test 2 kV/s (AC 60 Hz)

Volume resistivity

Tand

Dielectric breakdown

iﬁt sample (sheet)

Fig. 9. Measuring tanb of XLPE insulation.
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Fig. 10. Measuring system of volume resistivity.

Table 4. Insulation characteristics by aging conditions.

Method SEC. 1 SEC.2 SEC. 3
Volume
L. 1.2x10" 5.2x10" 1.8x10"
resistivity (2m)
Tand (%) 0.049 0.061 0.037
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Fig. 11. Dielectric breakdown according to section.
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