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Optimal Design of UHVDC Cable Joints Based on Nonlinear
Conductivity of Reinforced Insulation Materials

LIU Zongxi, OUYANG Benhong, ZHAO Peng, CHEN Zhengzheng, ZHAO Jiankang
(State Grid China Electric Power Research Institute, Wuhan 430072, China)

Abstract: It is increasingly urgent to the demand of ultra-high voltage direct current (UHVDC) cable equipment
because of the implementation of UHVD transmission project. In order to study the structural design of UHVDC
cable joints, we start from the influence of nonlinear conductivity characteristics of polymer insulation materials on
the insulation electric field distribution of DC cable joints to analyze the effect of modified silicone rubber on the
optimal design of the insulation structure of UHVDC cable joints. The results show that the electric field in the
reinforced insulation of DC cable joints will reverse polarity with the increases of the cable load current. The
nonlinear conductivity of the silicone rubber is greatly enhanced by doping copper calcium titanate nanofibers
inorganic filler, the activation energy and electric field strength coefficient of the silicone rubber are improved, and
the threshold electric field strength of conductivity entering the nonlinear region is reduced. The distortion of
tangential electric field of double-layer dielectric interface and surface electric field of stress cone and high-voltage
shielding tube in the UHVDC cable joint are obviously suppressed by the modified silicone rubber reinforced
insulation material. The modified silicone rubber, used as the reinforced insulating material for UHVDC cable
joints, can make up for the insufficient that the field distortion in the joint cannot be suppressed effectively by
adjusting the structural size of cable joints. The research results can effectively solve the electric field control
problem in the design of UHVDC cable joints.
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Fig.1 Coaxial cylindrical double-layer media model
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Fig.2 Variation of radial electric field intensity of

insulation layer in DC cable joint with load current
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Fig.4 Schematic diagram of three-electrode

system principle
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Tab.1 Nonlinear conductivity parameters of polymer
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Fig.6 Relationship between DC electric strength and

temperature of the modified silicone rubber
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Fig.7 Schematic diagram of UHVDC cable joint structure
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Fig.8 Distribution of electric field contours in UHVDC
cable joint without load and with full load
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full-load conditions with different interface lengths
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Fig.15 Influence of modified silicone rubber on the
maximum surface electric field of the

high voltage shielding tube
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