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Abstract: This study investigates the insulation performance of a 66 kV dry-type submarine cable used in offshore wind farms

under mechanical aging. During installation and operation, submarine cables are subjected to various mechanical stresses,

including tension, compression, and bending, which can lead to insulation deterioration. In this study, XLPE samples extracted

from a submarine cable were prepared and subjected to controlled tensile strain below the yield strain to evaluate their mechanical

and electrical performance. Changes in tensile strength, elongation, and tan 6 (dielectric loss factor) were measured to assess the

extent of aging. The results indicate that as the applied strain and exposure duration increased, tensile strength and elongation

decreased, while tan ¢ values increased, signifying a decline in electrical insulation performance. A strong negative correlation

(R =-0.809) was observed between tan ¢ and tensile strength, demonstrating that mechanical aging significantly affects electrical

properties. These findings highlight the importance of minimizing excessive mechanical stress during the installation and

operation of submarine cables. The results provide valuable insights for enhancing the reliability of submarine cables in offshore

wind farms and emphasize the necessity of optimized design and maintenance strategies to mitigate the effects of mechanical

aging.
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Fig. 1. 66 kV dry type submarine cable for offshore wind farms.
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Fig. 2. Mechanical stresses affecting submarine cables in offshore
wind farms.



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 38, No. 4, pp. 411-417, July 2025: Lee et al.

SAAE ME

Azstol o

ZIAR 2~

a8 19 sfiAAlol S0l A XLPE ZAA =
= AE FHO AlY S5 ARSI o] £,
E2E 757 Ysh e 7t o Az 37]E 100
mm % 50 mm=z 27gsto] Aot AlgS 235t 717
A EA m§71E 9sf, o1& e W oAlgS EXEF 2A
© 2 [EC 60811-501& "’\6}01 7}E 75 mm, ixﬂi 12.5
mm 3710 P FEjO] AlHA
Y5ttt [9]. S, tand é’ﬁ%
50 mm 3719 FAHAY FEf

StRct & 12 7IAA LetAld, tand 54, A = %
Ae 5742 At AIg8E 2718 YERdth

re

3271 A g =N

Alol2 A9 7| AR Ast £71-& XLPE] %% A
EfQls 7IEo s A5ttt XLPE BAAY = A E
o1& 22.8%2 EOIE]QOon, o]& 7|&0 2 5%, 10%,
20%= 2Y7F Ad7gstlt. ®et, Z2F AEHQl gtof oisl &
gt AIZES 0.5417F, 1417E, 3A17ko 2 cha s st 7]
AR dsir e

915k XLPE @iR|0] A|d 718 Lepdic),

Table 1. Specifications for test samples.

2ystelct. & 2% 7IAA dEAES

Classification Size Note
Aging test 100 mm * 50 mm
Square
Tan o 50 mm * 50 mm
Tensile strength
75 mm * 12.5 mm Dumbbell
Elongation
Table 2. Conditions of mechanical aging test.
Strain (%) Holding time (hour) Note
5 05,1,3
Yield strain:
10 05,1,3
22.8%
20 0.5,1,3
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Table 3. Conditions for evaluating insulation.
Classification Conditions Note
Measurement voltage:
Tan & IEC 62631
n 100 V to 500 V
Tensile strength i .
g Separation rate: IEC 60811

Elongation 25 mm/min

Measuring tensile strength
and elongation

Mechanical aging test
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Fig. 3. Mechanical aging test and measuring tensile strength and
elongation.

Fig. 4. System for tand measurement of XLPE.
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Table 4. Tensile strength of XLPE after aging test.
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Table 6. Tand of XLPE after aging test (at 100 V).

(Unit: MPa) (Unit: 107%)
Aging Strain (%) Aging Strain (%)
conditions - 5 10 20 Avg. conditions - 5 10 20 Avg.
- 21.6 - - - 21.6 - 08 . . . 08
Holding ¢ 5 ; 206 200 204 203 Holding 5 ] 17 16 17 16
time time
(hour) - 193 192 196 193 (hour) . 0.8 1.0 1.0 09
3 - 198 202 16 18.6 3 . 1.4 13 1.8 15
Avg. 21.6 20.7 19.7 18.9 19.7 Avg. 0.8 1.3 1.3 1.5 1.3
Table 5. Elongation of XLPE after aging test. Table 7. Tand of XLPE after aging test (at 500 V).
(Unit: %) (Unit: 107)
Aging Elongation (%) Aging Strain (%)
conditions - 5 10 20 Avg. conditions - 5 10 20 Avg.
- 996 - - - 996 - 1.2 - - - 1.2
Holding = - 945 875 894 904 Holding 5 - 28 15 28 23
time time
(hour) - 945 879 896 906 (hour) 1 - 0.9 1.5 1.5 1.3
3 - 990 894 758 830 3 - 1.9 1.6 3.1 2.2
Avg. 996 977 914 852 914 Avg. 1.2 1.8 1.5 2.4 1.9
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Fig. 5. Tensile strength of aged XLPE according to holding time and
strain.
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Fig. 6. Elongation of aged XLPE according to holding time and strain.
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Fig. 7. Tand of aged XLPE at various voltages according to strain
(holding time: 3 hours).
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Table 8. Correlation coefficient of tand, tensile strength, and
elongation according to strain.

0 Tand vs Tand
Strain  Tand Tensu;l Elongation Tensile Vs
(%) (107%) s’g\;ngt) (%) strength  Elongation
a
P R R
0 1.2 21.6 996
5 1.8 20.7 977
-0.809 -0.798
10 1.5 19.7 914
20 2.4 18.9 852
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Fig. 8. Correlation analysis between tensile strength and tand of aged
XLPE according to strain.
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Fig. 9. Correlation analysis between elongation and tand of aged
XLPE according to strain.
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