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Abstract: Breakdown strength is an essential parameter for evaluating the electrical performance and degradation behavior of

cable insulation and IEC 60243 also emphasizes its importance for detecting changes in insulation characteristics due to aging.

However, the current IEC standards are mainly limited to specifying electrode configurations and test voltage conditions for

breakdown tests, while the influence of insulating oil, is not clearly addressed. In this study, the breakdown strength of a 66 kV

wet-type submarine cable was experimentally evaluated using insulating oils with different kinematic viscosities of 10, 100, 500,

and 1,000 cSt in order to achieve reliable and reproducible breakdown measurements. The experimental results show that the

measured breakdown strength decreases by up to approximately 20% depending on the oil viscosity. This indicates that the

viscosity of the insulating oil has a significant influence on the measured breakdown strength during breakdown test. Therefore,

it is necessary to perform breakdown strength measurements under identical test conditions, including the physical properties of

the insulating oil, to ensure reliable comparison and accurate assessment of insulation performance and degradation

characteristics.
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Fig. 1. Circuit diagram for breakdown test.
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Table 1. Specifications of test samples.
Category Detailed Note
Size 50 mm x 50 mm
) IEC 60243
Electrode Diameter 20 mm
Sphere to sphere
Ramping speed 1kV/s
Number of samples 15 samples Sliced samples

. . 10 ¢St, 100 cSt, 500 cSt
Oil condition -
and 1,000 cSt
Temperature Room temperature -
Sliced sample
PE
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Fig. 3. Circuit configuration and experimental setup for breakdown
test.
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Fig. 4. Box plot of XLPE breakdown strength.
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Table 2. Variation of XLPE breakdown strength.

Fig. 5. Power-law relationship between oil viscosity and breakdown Oil viscosity (cSt)
strength. Category
10 100 500 1,000
AVR (kV/mm) 1169  106.3 104.9 97.3
o Probability - Weibull . STDEV (kV/mm) 8.0 6.7 6.6 7.6
’ /; robability
AR e CV (%) 69 63 6.3 7.9
; ‘dbabx)lllr:l;me
§ 12:[‘&;\?0"1);:?]1 MED
5o v
'—;: %“Déw;.‘ FM MED Table 3. Weibull unreliability analysis of breakdown strength.
N i
= 5 REX SRM FM MED Oil viscosity (cSt)
Category
10 100 500 1,000
b0 0 150 Eta (kV/mm) 120.2 109.2 107.7 100.6
Breakdown Strength (kV/mm)
4 Beta 17.4 18.2 18.6 15.0
Pho 0.96 0.95 0.97 0.97

Fig. 6. Weibull unreliability analysis of XLPE breakdown strength.
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