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HVDC power transmission represents a promising solution for addressing the geographical imbalance between
renewable energy generation sites and regions of power demand. HVDC extruded cable systems, which are
renowned for their capacity to facilitate high-density power transmission, have attracted considerable interest.
However, it has been reported that space charge phenomena within polymer insulation under DC electric fields
contribute to a deterioration in insulation performance. Previous studies have sought to assess the distribution of
electric fields within insulation by measuring the accumulation of space charge in full-scale cables using the
pulse electro-acoustic (PEA) method. However, due to the thick nature of the insulation in full-scale XLPE
cables, achieving a sufficient signal-to-noise ratio (SNR) has proven to be a challenge, hindering reliable
conversion of acquired waveforms to charge and electric field distributions. In recent years, we have developed a
new measurement sensor using the PEA method, which is capable of capturing waveforms with a higher SNR
than conventional sensors, thereby increasing the plausibility for applying this measurement technique to the
assessment of insulation performance. In this paper, we apply the new sensor to space charge measurements in
full-scale cables and examine the signal processing required to convert the acquired waveforms into charge and
electric field distributions. We also discuss the application of the obtained electric field distributions to the
evaluation of insulation performance.

Chapter 1 provides an overview of the background, objectives and research focus of the study. Chapters 2 and
3 review the characteristics of HVDC power transmission cable systems and phenomena such as electrical
conduction, insulation breakdown and space charge in solid polymer materials.

Chapter 4 discusses the advantages of using the new measurement sensor and the results of the signal
processing methods considered under different temperature conditions (no load, high load and load-cycle
conditions), evaluating the validity of these signal processing approaches.

In Chapter 5, the signal processing methods discussed in Chapter 4 were applied to space charge measurements
in cross-linked polyethylene (XLPE) cables with insulation thicknesses of 9 mm and 23 mm. The resulting
charge and electric field distributions under each temperature condition are presented. This study demonstrates,
for the first time in the world, measurements under load-cycle conditions.

In Chapter 6, we analyzed the space charge accumulation mechanism based on the electric field distribution of
the 9-mm-thick XLPE cable obtained in Chapter 5. As a result, we demonstrated that by considering not only the
field and temperature dependence of conductivity but also the distribution of cross-linking byproducts within the
insulation, the estimation error in the electric field distribution could be reduced from 9.5% to 5.5% relative to
the average electric field under a conductor temperature condition of 90°C. Furthermore, we investigated a
methodology for estimating the conductivity of cable insulation based on the electric field distribution obtained
in space charge measurements. The results obtained were found to be generally consistent with the conductivity
values derived from sheet-shaped samples. Moreover, a review of the literature was conducted to examine the
insulation breakdown mechanism in cables. It was demonstrated that the superimposed impulse breakdown
voltage and DC breakdown voltage could be calculated using the conductivity of the cable insulation. By
combining these findings, it was shown that the potential exists to evaluate the insulation properties of cables by
estimating the breakdown voltage using the conductivity derived from the electric field distributions obtained
through space charge measurements.

Chapter 7 presents a summary of the conclusions of this paper and outlines prospects. It is anticipated that the
utilization of the electric field distribution obtained from space charge measurements in full-scale cables could
serve as a valuable monitoring tool for the evaluation of cable insulation performance.




