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Abstract: With the ongoing rise in renewable energy demand, offshore wind farms are rapidly expanding, increasing the need

for advanced development and diagnostic techniques for submarine cables. These cables are essential for efficient and reliable

power transmission. A critical issue with these submarine cables is the formation of internal hot spots, which can deteriorate the

insulation’s performance and negatively impact the overall reliability of offshore wind energy infrastructure. This research

focuses on developing an innovative real-time monitoring system to detect hot spots within submarine cable insulation under

varying electrical loads. Experimental tests were conducted on a 66 kV-grade wet-type submarine cable specifically designed

for offshore wind applications, applying incremental current loads ranging from 200 A to 500 A. Temperature changes within

the insulation due to the generated heat were continuously monitored using Distributed Temperature Sensing (DTS).

Additionally, to evaluate the DTS system’s precision, repeatability, and overall reliability, the measured temperatures were

compared against values obtained from validated spot-type sensors. Experimental results showed a discrepancy of less than 1%

between DTS and spot-type sensor measurements at a reference temperature of 60°C, demonstrating the high accuracy and

reliability of the developed DTS-based monitoring system. The outcomes of this study suggest that the proposed monitoring

system can significantly enhance the capability for early detection and continuous monitoring of hot spots, thereby improving

the operational reliability of submarine cables employed in offshore wind energy installations.
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Table 1. Causes of hot spot formation inside power cable insulation.

Cause Specific causes Damage
Defects, partial discharge, Heat generation due to
Electrical local electric field local electric field
concentration concentration

Overcurrent, cooling Increased thermal

Thermal failure, external ambient  stress on insulation
temperature rise due to overheating

Mechanical damage, Local heat

Mechanical insulation material accumulation caused
& Material non-uniformity by reduced thermal

(voids, contaminants) conductivity
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Fig. 1. DTS based analysis of scattering characteristics in optical
fibers.
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Fig. 2. Installation locations of T-type thermocouples in submarine
cables.

Fig. 3. Temperature sensor insertion section after dismantling the
submarine cable.
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No. Condition Note
1 25°C C .
5 40°C omparing temperature
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- ]
Temperature measurement program using T-type thermocouple

erature measurement program using optical fibel

Fig. 4. Current and temperature monitoring program for submarine
cable.
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Table 3. Temperatures measured by thermocouples and optical fiber
according to the current applied to phases of the submarine cable.

Current of cables (A) Temperature (°C)
Phase A Phase B Phase C coIpl)ll: n(l;;; 3) Oczt[;f:l
296.40 297.55 297.55 25.40 25.50
295.45 296.75 296.75 25.37 25.61
295.75 297.00 296.85 25.43 25.57
402.65 401.95 402.75 42.06 42.17
400.70 400.15 400.50 42.06 42.18
400.50 400.25 400.70 42.04 42.23
450.95 450.30 450.90 52.41 52.31
452.40 452.50 453.55 52.44 52.57
450.80 451.15 451.20 52.54 52.84
502.50 502.55 503.85 62.80 63.02
503.90 503.45 504.35 62.79 62.85
502.60 501.30 503.50 62.77 62.77

Table 4. Temperature deviations, average and precision between the
t-type sensor and optical cable under various cable temperature
conditions.

... Thermo Optical Deviation -
Condition ouple cable Thermo c.ouple Average Precision
(OC) (oC) (DC) - Optlcal (oC) (%)

cable (°C)

2540 25.50 0.10

25 2537 25.61 0.24 0.16 0.64
2543  25.57 0.14
42.06 42.17 0.11

42 42.06  42.18 0.12 0.14 0.33
42.04 4223 0.19
5241 5231 0.10

52 52.44 5257 0.13 0.18 0.34
52.54 52.84 0.30
62.80  63.02 0.22

62 62.79  62.85 0.06 0.09 0.15
62.77  62.77 0.00
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