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Mechanical Bending Characteristics
of HTS DC Cable
Woo-lin Kim, Sang-Hyun Kim, Dong Gyu Yang, Haigun Lee, Jeon-Wook Cho, and Hae-Jong Kim
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L INTRODUCTION

ECENTLY, large capacity, ultra-high voltage and long
length have been the mainstream in high temperature su-
perconducting (HTS) cables. To secure stability and reliability
in the operation of cables at ulira-high voltages, in addition, itis
necessary (o have insulating technologies and materials [ 1]-[3].
The HTS de cable’s insulation system has been developed as
solid insulation and the composited insulation of the laminated
polypropylenc (PPLP). However, the space charge aceumulated
in insulating material under de high voltage distorts field distri-
buti nd promotes insulation degradation even at low voltage,

causing breakdown [4], [5]. Considering the stability, reliability

the ion system of ]’l’l P would be much
de alrahh than the solid insulation. Alseo, in the insulation design
of the superconducting de cable core, insulation thickness is
designed alier deciding design voltage and design stress [6].

In reality, actual power cables are very long and thick, There-

fore, it 1-. necessary [0 rcwew conversion coel ni-hased

amnd ul design considering volume
cl‘l’ccl.-. 171 In 1iquid nitrogen (LNg), however, the breakdown
characteristics of PPLP are mostly limited 1o ac cables. In de
cables, no satisfying results have been reported, Thereflore, they
are very poor in terms of the insulation design of de cables,

At cable installation and transport of cables, mechanical
force is applied to the PPLP which constitules insulation after
gelting diverse forms of mechanical forces such as curvature in
order to transport the cables through a large bobbin. To apply
the PPLP to the cables, therefore, it is necessary (o review
mechanical characteristics such as curvature under operating
conditions.

In this paper, a mini-model and model cable insulated by
winding the PPLP in multi layers was [abricated. To review
volume effects, de and impulse characteristics were estimated.
Based on these results, then, the insulation thickness of the
250 kV-class HTS de cable core was calculated alter applying a
conversion coelficient. Considering the installation and trans-
port of cables, in addition, the mini-model cable’s curvature
radius and breakdown characieristics by the amount of bending
were reviewed.
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Abstract:

High-temperature superconducting (HTS) dc cable is expected to be an application as larger transmission of electrical power because of, ultimately,
lower loss, as well as large capacity compared with ac cable. In order to secure long life, reliability, and compaciness of HTS DC cable, the roles of
breakdown properties and insulation design are important. In actual cable, breakdown properties are influenced by not only up-scale effect but also
mechanical stress during cable production and installabion. For HTS cable, polypropylene laminated paper has been used as insulation matenal
Polypropylene laminated paper has been widely adopted as nsulabng matenal for HTS cable. In this paper, the model cables with diferent thicknesses
were fabricated, and the breakdown tests were performed. Based on the results, an improved insulation design of 250-kV-class HTS dc cable was
proposed with volume effect. The breakdown characteristics of bended cables were also investigated with various festing conditicns
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