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Experimental Validation of a System for Measuring Thermal and Mechanical Stress in
Submarine Cables for Offshore Wind Farms
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Abstract: The increasing demand for renewable energy is driving the rapid expansion of the offshore wind industry, leading to
intensified research on subsea cables. These cables endure combined thermal, electrical, and mechanical stresses, with
mechanical stress being a critical failure factor. Environmental changes, such as seabed scouring, free spans, and seismic activity,
accelerate cable degradation by introducing additional dynamic loads. Conventional monitoring systems primarily track thermal
stress, lacking the ability to assess mechanical impacts. This study develops a system to simultaneously measure thermal and
mechanical stress in subsea cables. Laboratory experiments confirm the system’s reliability, showing a temperature measurement
error within 0.8% at 60°C and a strain measurement error within 13% at 378 pe. The proposed system aims to enhance failure
prediction and maintenance strategies for offshore wind subsea cables.
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No. Structure Material

1 Conductor Copper
2 Inner Semiconducting Layer Semiconducting PE
5 Insulation XLPE
4 Outer Semiconducting Layer Semiconducting PE
5 Metallic Shield Alloy

6 Semiconducting Layer Semiconducting PE
7 Shaped filler PE

8 Bedding PP

&)

Armor Galvanized Steel
10 Outer Sheath PP

11 Optical Unit PE

Fig. 1. 66 kV offshore wind submarine cable.
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Mechanical stress

Submarine cable
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Fig. 2. Temperature and tension due to thermal and mechanical
stresses in power cables.
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Fig. 3. Frequency bands of raman and brillouin scattering phenomena
in optical fibers.
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Fig. 4. Design of experimental setup for applying and measuring
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Table 1. Temperature and mechanical stress application conditions.

No. Load Temperature
1 100 kg 20°C
2 150 kg 40°C
3 200 kg 60°C
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Load application device
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Optical cable
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Fig. 5. Mechanical stress application device and experimental setup.

7 Optical cable

Temperature sensor

Fig. 6. Thermal stress application device and experimental setup.

Fig. 7. Program for data measurement: top: measurement program for
measuring temperature and strain from gauges and bottom: program
for measuring temperature from optical cables.
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