Smart Grid £ FEHL, 2019, 9(6), 263-273 Hans SOl
Published Online December 2019 in Hans. http://www.hanspub.org/journal/sg
https://doi.org/10.12677/sg.2019.96029

Study on Space Charge Characteristics
between XLPE and SR for HVDC Cable
Insulation and Accessory Insulation
under Temperature Gradient Field

Jiale Qi, Yifan Zhou, Wei Wang, Tailong Guo

Beijing Key Laboratory of High Voltage & EMC, North China Electric Power University, Beijing
Email: jiale_qi1995@163.com, yfzhou@ncepu.edu.cn

Received: Nov. 12, 2019; accepted: Nov. 27", 2019; published: Dec. 4™, 2019

Abstract

During the operation of the DC cable, the space charge is easily accumulated at the composite insula-
tion interface composed of the DC cable and the accessory. The cable load operation causes the insu-
lation layer to form a high temperature gradient inside and outside, and the existence of the tem-
perature gradient affects the space charge behavior of double-layered insulation. Space charge cha-
racteristics in Double-layered Insulation of flat specimens between XLPE and SR are studied under
different DC electric fields and different temperature gradients. Space charge and electric field dis-
tribution under temperature gradient in double-layered insulation were simulated based on Max-
well-Wagner polarization model. The results show that the polarity of the interface charge is the
same as that of the SR side electrode, and as the temperature gradient increases, the accumulated
charge increases at the interface, the charge on the XLPE side increases, the charge on the SR side
decreases. At the same time, the internal electric field of the SR medium is gradually weakened, and
the electric field distortion at the interface is more serious. The maximum electric field strength of
the double-layered insulation appears at the lower electrode interface of the XLPE. Based on the
M-W polarization model, the internal space charge characteristics of the double-layered insulation
under DC field of the temperature gradient field can be effectively described.
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Figure 1. Schematic diagram of PEA that can achieve temperature gradient
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Figure 2. Space charge characteristics of double layer media under different temperature gradients with DC electric field 5

kv/mm and 8 kv/mm. (a) 5 kV/mm DC field; (b) 8 kV/mm DC field
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Figure 3. Conductivity measurement system
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Figure 4. The conductivity of XLPE varies with electric field strength at different temperatures
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Figure 5. The conductivity of SR varies with electric field strength at different temperatures
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Table 1. XLPE and SR conductivity model parameters

7 1. XLPE # SR B S FER S
24 XLPE SR
A (A/m?) 3.68 3.02
B (m/V) 1.15x 1077 0.6 x 1077
9 (eV) 0.92 0.38
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Figure 6. Schematic diagram of interface polarization model of two-layer medium
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Figure 7. Model of double-layer flat specimen
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Figure 8. Simulation diagram of internal space charge of double-layer dielectric XLPE/SR with temperature gradient under
5 kV/mm DC electric field
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Figure 9. Simulation diagram of internal electric field distribution of double-layer dielectric XLPE/SR with temperature

gradient under 5 kV/mm DC electric field
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Figure 10. Simulation diagram of internal conductivity distribution of double-layer dielectric XLPE/SR with temperature

gradient under 5 kV/mm DC electric field
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Figure 11. Simulation diagram of internal space charge of double-layer dielectric XLPE/SR with temperature gradient under

8 kV/mm DC electric field
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Figure 12. Simulation diagram of internal electric field distribution of double-layer dielectric XLPE/SR with temperature

gradient under 8 kV/mm DC electric field
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Figure 13. Simulation diagram of internal conductivity distribution of double-layer dielectric XLPE/SR with temperature

gradient under 8 kV/mm DC electric field
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