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Influence of carbon black content in high-voltage shielding electrodes on electric field distribution
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Abstract : The high-voltage shielding electrode is the semiconductive shielding layer inside the power cable terminal, usually
made of semiconductive material and embedded in the stress cone to evenly distribute the electric field and improve the insulation
level of GIS terminal. The electrical performance of high-voltage shielded electrodes often depends on the quality of the semiconduc-
tive shielding material, among which the content of carbon black (CB) has the most significant influence. To obtain the optimal CB
content of the high-voltage shielding electrode, first, different amounts of CB were added to ethylene-acrylate-butyl acrylate copoly-
mer (EBA) to prepare high-voltage shielding electrode samples with different CB contents. The volume resistivity of the samples
was tested at different temperatures to study the variation law of the conductive performance of the high-voltage shielding electrode
with temperature. Then, COMSOL software was used to build the electric and thermal field model of GIS terminal, and the influence
of different high-voltage shielding electrode samples on the electric field distribution characteristics of GIS terminal under different
ambient temperatures was analyzed to obtain the optimal CB content of the high-voltage shielding electrode. Finally, the partial
discharge quantity detection and power frequency withstand voltage test were carried out for verification. The results show that
under the same temperature conditions, the increase of CB content leads to the decrease of the volume resistivity of the high-voltage
shielding electrode. Under the condition of constant CB content, the increase of temperature leads to the increase of the volume resis-

tivity of the high-voltage shielding electrode. The change in environmental temperature only affects the absolute temperature of the
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GIS terminal,, without altering the temperature difference within the terminal. Based on the simulation results, the optimal mass frac-

tion of CB in the high-voltage shielding electrode is 30wt% ,and GIS terminal optimized with it has good partial discharge character-

istics and power-frequency voltage withstand capability.
Keywords :

frequency withstand voltage test
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Tab.1 Formula of high voltage shielded electrode samples

with different CB content
%

Material I 2* 3" 4
EBA 655 635 615 595

CB 28 30 32 34

DCP 1 1 1 1

Zinc stearate and pentaerythritol 2 2 2 2
Antioxidant 1010 and antioxidant 168 0.5 0.5 0.5 0.5
EBS 1.5 1.5 1.5 1.5

KHS550 1.5 1.5 1.5 1.5
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different temperatures
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Tab. 2 Simulation results of curve estimation
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Tab.3 Curve model formulas for samples 1*-4*

Sample Formula
G y = 119.931 - 5.228x + 0.085x7
o y = 31.893 = 1.029x + 0.015%* + 7.706 x 107«
3 y =33.373 - 1.306x + 0.022«
4" y =27.910 - 1.079% + 0.018”

F13R 3 AT UL, o 15 e b A 1) (R R R BEL A AN

Curve model R F Sig
1"sample linear model 0.868 39.522  <0.001 S5CBEEAX, A S5HEREMFE, ¥CBEHEAN
:# sample 1nvers&=j curve model 0.571 7.972 0.030 @ lﬁ' , %E}?F%ﬁ EE”:& B@Mﬂéﬂ EB m%% Fﬁ%fﬁ/ﬁfg/ﬁ
1" sample quadratic curve model 0.988 200.428 <0.001
1”sample cubic curve model 0.988 100.496 <0.001 ﬂﬁﬁﬁ/ﬁ,ﬂfm
1”sample S-shaped curve model ~ 0.786 22.069 0.003 2.2 wyF AR
#
skl 7GSRI A R 16 SE
2" sample inverse curve model 0.570 7.964 0.030 'H: N ﬂ: /%jl *Xj‘HIEIfJ N ?i/l ﬂ: N Fj jj %ﬁf N :I: gﬁ é@ %'{ o %EI /ﬁ\éﬁ\
2*sample quadratic curve model ~ 0.985 167.964  <0.001 EHAFERRE BREEESE Kt HEE
2" sample cubic curve model 0.986 91.363 <0.001 e . NI N et a
2*sample S-shaped curve model ~ 0.767 19.720 0.004 BARFAMAT HEFE L PO VAR . GIS
2*sample growth curve model 0.974 220.694 <0.001 '/Eg EI;LK 'ﬁ: E"J EE j% A & /ﬂ%{l J;i: j’Z] ’fjj E 72% 5&5& éi}" %IJ y—lL %%
3" sample linear model 0.871 40.458 <0.001 4 35,
3" sample inverse curve model 0.576 8.153 0.029
3" sample quadratic curve model 0.983 148.571 <0.001 F4 GISHIRBFHASH
3*sample cubic curve model 0.983 79.286 <0.001 Tab. 4 Electrical field simulation parameters of GIS terminal
3" sample S-shaped curve model 0.764 19.371 0.005 . o Conductivity/
3*sample growth curve model ~ 0.971  197.920  <0.001 Component Relative permittivity (S'm™)
4* sample linear model 0.872 40.731  <0.001 Hav block 5%10° 5.91x10
4" sample inverse curve model 0.578 8.209 0.029 Aluminum alloy component 4x10° 3.71x107
4% sample quadratic curve model ~ 0.982 138.508 <0.001 Epoxy resin 6.06 7.35x107"
4" sample cubic curve model 0.982 73.871 <0.001 Damper ring 2.01 1.01x10°"
4" sample S-shaped curve model 0.763 19.304 0.005 Stress cone 4.12 1.66x10°°
4" sample growth curve model 0.970 191.818 <0.001 Reinforced insulation 2.93 1.57x10°"
£5 GISKRBEHFESHY

Tab.5 Temperature field simulation parameters of GIS terminal

Density/ Constant-pressure heatcapacity/ Thermal conductivity/

Component e o o

(kg'm™) [ (kg'K)'] [W-(mK) "]
Hav block 8960 385 400
Aluminum alloy component 2700 896 167
Epoxy resin 1200 1 600 0.25
Damper ring 2 140 1500 0.25
Stress cone 1340 1300 0.28
Reinforced insulation 1180 1700 0.25
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Fig. 3 Electric field distribution diagrams of 1*to 4* samples

at an ambient temperature of 10 °C
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Fig. 4 Electric field intensity distribution diagram along observation

path from L1 to L3 at an ambient temperature of 10 °C
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Fig. 5 Electric field distribution diagrams of 1 “to 4" samples at an

ambient temperature of 25 °C
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Fig. 6 Electric field intensity distribution diagram along observation

path from L1 to L3 at an ambient temperature of 25 °C
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ambient temperature of 40 °C
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path from L1 to L3 at an ambient temperature of 40 °C
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