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Progress in Research of Surface Charge Suppression Method for DC GIL Insulators
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ABSTRACT: The accumulation of surface charges on
insulators is an important factor that causes the degradation of
the insulation performance of large-scale power transmission
equipment such as DC gas insulated transmission lines (GIL).
The research on how to effectively suppress the accumulation
of surface charges on insulators has important engineering
significance. The control and suppression of surface charge
accumulation through material modification is currently a
common and effective method. Based on the three main
modification strategies, i.e., surface modification, doping
modification, and other modification, the latest research
progress in surface charge regulation through material
modification in recent years were reviewed, and the advantages
and disadvantages of each method were analyzed. Finally, the
future research direction of controlling surface charge

accumulation through material modification was prospected.

KEY WORDS: surface charge; material modification;
high-voltage direct current (HVDC); gas insulated transmission
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Fig.1 Multiphysics process of surface charge
accumulation in an HVDC GIL
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Fig.2 Schematic diagram of the direction of each physical

quantity at the gas-solid interface®* (Open Access)
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Fig.3  Insulator surface fluorination

treatment °! (Open Access)
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Table 1 Fluorination and plasma treatment to regulate the surface charge of insulators
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Table 2 Surface coating modulates the surface

charge of insulators
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High voltage direct current (HVDC) transmission

technology has attracted increasing attention as
researchers have sought to meet the requirements for
long-distance, large-capacity power transmission. Within
this  field, (GIS)

gas-insulated transmission line (GIL) technologies are

gas-insulated  substation and
maturing and have been widely applied. However, the
flashover voltage of the insulator decreases during the
The

flashover of insulating material is the key issue that

long-term operation of DC GIL equipment.

restricts the development and safe, stable operation of
DC GIL technology. Studies have shown that changes in
the flashover voltage along the insulator surface are
closely related to the accumulation of surface charge on
the insulator. Insulator surface charge accumulation
changes the electric field distribution, resulting in
distortion of the surface electric field. This adversely
affects insulation performance. In DC GIL systems, the
charge migrates in one direction under the action of the
electric field because the insulator is in a unipolar
voltage environment for long periods. The insulator is
also in a closed, dry environment for a long time. This
makes charge accumulation easy and dissipation difficult,
stable
operation of the transmission system. Therefore, it is of

placing substantial challenges on the safe,

great engineering importance to the study on effective
methods of suppressing charge accumulation on the
insulator surface.

Several scholars have proposed different strategies
for suppressing surface charge accumulation on
insulators. Among these strategies, material modification
with the aim of suppressing surface charge accumulation
is currently the most common and effective research
approach. Therefore, in this article, we review several
important results from the past few years in which the
modification of materials has been used to suppress
surface charge accumulation. First, the main sources of
surface charge are briefly introduced (Fig. 1). We then
summarize the latest research results on the regulation
and surface

suppression  of charge via material

S21

modification. Modifying the surface of insulators to
accelerate the dissipation of surface charges is one of the
main methods to control the accumulation of surface
charges. We summarize the current common surface
modification methods, such as surface fluorination,
plasma treatment, surface coating and so on. Another
idea is to change the electrical properties of the
insulating material by doping functional materials or
nanoparticles in the insulating material to suppress
charge accumulation. We review these methods in recent
the
of each method,

and
the
advantages and disadvantages of each method in detail.

years, summarize main achievements

breakthroughs and analyze
In addition, there are some methods of suppressing

surface  charge accumulation through material
modification, although they are not as comprehensive
and systematic as the above two ideas, but they have also
achieved good experimental results. It also has potential
for practical application in engineering in the future.
Therefore, we also summarize these methods. Finally,
the prospects for future researches on insulator surface
charge accumulation suppression via material
modification are discussed. We hope that through this
article, researchers interested in surface charge of
insulating materials can quickly understand the latest
developments in this area. We also hope to give some
inspiration to engineers and researchers in related fields,
and provide some guidance and help for building a more

secure and reliable DC GIL in the future.

Fig. 1 Multiphysics process of surface charge accumulation in

an HVDC GIL



