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Abstract: With the expansion of offshore wind farms, research on power cables for delivering electricity from offshore to

onshore has become increasingly important. In offshore wind farms, submarine cables are introduced and secured to the platform

through J-tube conduits. During this process, the cables are exposed to three distinct thermal profiles: high temperatures in the

upper section, temperature fluctuations due to water level changes in the middle section, and low temperatures in the seabed

region. This study investigates the impact of thermal variations on the insulation performance of submarine cables. To analyze

this effect, accelerated aging tests were conducted on both insulation specimens and actual cables. Additionally, dielectric

breakdown tests were performed to quantitatively assess insulation degradation. Experimental results revealed that the insulation

performance of the specimens exposed to periodic temperature fluctuations due to water level changes deteriorated by up to

7.5%. Based on these findings, the vulnerable sections of submarine cables in offshore wind farms were identified. Furthermore,

this study emphasizes the necessity for monitoring and protective measures to mitigate insulation degradation in these critical

regions.
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Fig. 1. Submarine cables in offshore wind farms.
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Fig. 2. Temperature of cables in the J-tub.
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Fig. 4. Aging test of test cables.
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Table 1. Aging conditions according to cable type.

No. Stress Aging conditions
1 Unaged
2 Thermal Constant 95°C, 410 hours
(66 kV dry T ; 810 cycles
emperature
3 type cable) p X (1 cycle =5 hours On at
variation
95 °C, 5 hours Off at 25°C)
4 Unaged
. 95°C for 60 cycles
High temperature
5 ith 39 6 KV (1 cycle = 8 hours On,
wi .
Thermal and 16 hours Off)
electrical Temperature  two times over 8 hours with
6 (229kv variation with 25°C and 55°C for
CNCV cable) 39.6 kV 60 cycles
Constant
25°C,
7 Low temperature 60 ovel
cycles
with 39.6 kV Y
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Fig. 5. Measurement of AC breakdown strength.
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Table 2. Performance degradation after aging. 5.=9
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19
=T

s S0l 24 e 45

oz of 53 G oA &, 2= 5 H shdofl o gatAtt

2 5g@ol SAs 69 R0IA BA Feol 7.5%= 7t ¢+ dllT = At shdSHHA9] J-tube WE F
9 dER S 2™ 82 77HA] Aok 2 AC 2 29 Higto| g 2= WS 47&011*1 aA detrt A
UL Aoz AL & S-S AlAteHY, sl kol o

ol2fgt AME vl o, AAAE 2% 45 U 5o F RUHY 3 B iRjo] AR Y-S Akt

UEEE £714 f5t 20 2 ds0l 55 AstE

=4 4 Aey, ot 2= Fuj7hEAstE S-S T2 AN A 28 2300 7Pk BARE 2k
@A) J-tube W sHAIA0l S F 41010 RpF dAs RS IVE 7S] A7) Bot 2P} o] & &8t %
e AR o R Al W ZhEo] WaFg AlAeic olF R A7) JE AAF Jito] oY Ao R mrHnh



430

ORCID

Seung-Won Lee https://orcid.org/0000-0002-7711-1732

A2 2

O] =2 20259 % R (AASSAILE )] Rl o=
gRUA71 2 IEe] AYS wop 2aE A7
(20213000000020, S|AIZ2ITix] )& M2y 1Eo

A AR L B} 712 D).

REFERENCES

[1] DNV GL, RECOMMENDED PRACTICE DNVGL-RP-0360
Subsea Power Cables in Shallow Water, 2016, Edition March.

[2] DNV GL, RECOMMENDED PRACTICE DNV-RP-J301
Subsea Power Cables in Shallow Water Renewable Energy
Applications, 2016, Edition February.

[3] M. Lerch, M. De-Prada-Gil, and C. Molins, Int. J. Elec. Power
Energy Syst., 131, 107128 (2021).
doi: https://doi.org/10.1016/j.ijepes.2021.107128

[4] R.D. Chippendale, J. A. Pilgrim, K. F. Goddard, and P. Cangy,
IEEE Trans. Power Del., 32, 1721 (2017).
doi: https://doi.org/10.1109/TPWRD.2016.2634021

(5]

(6]

(7]

(8]

(9]

[10]

(1]

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 38, No. 4, pp. 425-430, July 2025: Lee et al.

L. You, J. Wang, G. Liu, H. Ma, and M. Zheng, Energies, 11,
532 (2018).

doi: https://doi.org/10.3390/en11030532

Z. Liu, Z. Gao, J. Hao, C. Liu, H. Li, and X. Dai, Proc. IEEE
Electr. Insul. Conf. (IEEE, Calgary, Canada, 2019) p. 250.

doi: https://doi.org/10.1109/EIC.2019.8795023

R.S.A. Afia, E. Mustafa, and Z. A. Tamus, Proc. 2021 IEEE Int.
Conf. Workshop Obuda Electr. Power Eng. (CANDO-EPE)
(IEEE, Budapest, Hungary, 2021) p. 1.

doi: https://doi.org/10.1109/CANDO-EPE53162.2021.9667755
S.Li, Y.Ke, L. Xie, Z. Zhao, X. Huang, Y. Wang, and Z. Wang,
e-Polymers, 23, 8089 (2023).

doi: https://doi.org/10.1515/epoly-2022-8089

CIGRE Working Group D1.23, Diagnostics and Accelerated
Life Endurance Testing of Polymeric Materials for HVDC
Application, 2015 (CIGRE, Brochure).

ASTM, Standard Test Method for Dielectric Breakdown
Voltage and Dielectric Strength of Solid Electrical Insulating
Materials at Commercial Power Frequencies, ASTM D149-20,
2020.

IEC, Electric Strength of Insulating Materials — Test Methods —
Part 1: Tests at Power Frequencies, IEC 60243-1, 2013.



