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Abstract
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A outdoor termination installed at the outdoor substation is required to connect undergroud cables and overhead transmission
lines. The joint box for AC transmission system is already developed and widely used to interconnect overhead and undergroud
systems. But the development of the joint box for DC transmission system was only introduced from China and Japan, but theire
developemnt staus and core technologies were not fully reported. In order to implement HVDC systems connecting ovehead
transmission lines and undergroud cables, a outdoor termination should be developed, but the detailed specifications and information
of this device were not reported. It is estimated that the development of the joint box for DC environment has some technical
obstacles including insulating materials, electric field mitigation, thermal temperature rise, and space charge accumuations. Among
this, the most important one is the DC elctrical insualtion design. Therefore, in order to investigate the DC elctrical insualton design
of outdoor termination, the design of AC slip-on type outdoor termination is reffered, and DC electric field analysis performed to
verify the possiblity of application of AC joint box into DC joint box. Especially for DC electric field analysis, temperature rise of
insualting materials of a joint box was considered, because the conductivity of materials could be changed due to temperature rise.
Furthermore, DC electric field analysis considering transinet state, and polarity reversal state were also investigated to verify which
state is the most severe condition for the DC joint box. From the simualtion resulsts, it was shown that the value and the position of
maximum electric field was obtained comparing AC state, DC state without temperaure rise, and DC state with temperaure rise. And
it was confimred that severe DC electric field was observed considing temperaure rise. Finally, in order to reduce DC eletric field
intensifation, different configuration of the joint box was applied and it was not possible to obtain satisfactory results. It means that
the slight change of configuration of AC joint box was not the suitable soluton for DC joint box. It is essential to establish novel DC
insulaton design skills and method for DC joint box to commercialze this product in the near future.
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Type Overhaed Joint Box

Table 1. Title and Function of Main Component of Slip-on
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Fig. 3. Measuring Point of Maximum Electric Field Intensity
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Fig. 8. Electric Field and Equipotential Line (Element Il: Scale Adjustment of Semi-conducting Layer)
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Fig. 9. Electric Field and Equipotential Line (Element I11: Location Adjustment of Semi-conducting Layer and Stress-Cone)
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Fig. 10. Electric Field and Equipotential Line (Element I 1V: Scale Adjustment of Stress-Cone)
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Reference Model
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Steady-State Polarity-Reversa Steady-State Polarity-Reversal e
En max 11.82 kV/mm 10.71 kV/mm 11.58 kV/mm 10.26 kV/mm 1
Decrease 0.00 % - 2.01% - 0.5
E+ max 1.17 kV/mm 0.76 kV/mm 0.74 kV/mm 1.14 kV/mm o
Decrease 0.00 % - 36.68 % -

Fig. 11. Electric Field and Equipotential Line of Optimum Model

Table 2. Element Design Results of Slip-on Type Outdoor Termination

Element Design (a) Element | (b) Element Il (c) Element 111 (d) Element IV
-8.5° 80% Reference Model 120%
En.max Electric Field 11.36 kV/mm 11.77 kV/mm 11.82 kV/mm 12.03 kV/mm
Decrease 3.88 % 0.40% 0.00 % -1.85%
E+ max Electric Field 1.01 kV/mm 0.99 kV/mm 1.17 kV/mm 0.90 kV/mm
Decrease 13.20 % 14.97 % 0.00 % 22.86 %
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