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Tab.1 The main technical parameters of insulators

LT SWER SREE A4R
Yt I s ) ,
L Dy, D, D3/ d, dy, B n, LN
k= D/mm
L/mm mm d;/mm ny, n3
I 2092 27 140, &, 106 72, 75,36 25, J,25 1 K 1/h
I 1934 28 147, J, 112 77, &,385 24, 5,24 1 K 1/h
I 2260 27 120, 5,80 81, 5,27 27, £,54 1 K2/h
IV 1960 28 175, %,90 93, &,31 19, &,38 1 K2/h
1K1/
V 2037 27 130, 100,70 108, 54,27 20,20, 40
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Fig.1 Schematic diagram of AC test connection
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Tab.2 AC flashover voltage test values of composite insulators per unit insulation height under different A and y

J(uSlem)  H/(mm/min) 5 15 5 V5 V5
E/(kVim)  ou%) EJ(KVIm) ou(%) E/(kVim) ou%) En(kV/m) ou%) En(kV/m)  ou(%)
3 289.8 3.6 322.0 2.6 326.6 1.0 342.2 33 294.6 3.7
320 9 253.9 4.3 264.9 3.5 284.8 3.8 299.6 1.7 257.7 2.4
15 233.0 2.1 249.8 1.1 248.0 1.7 235.4 2.9 235.6 1.6
3 256.9 2.5 264.1 1.9 277.8 2.5 293.3 2.1 257.7 2.9
600 9 212.1 3.9 217.2 3.1 212.1 2.9 235.1 3.0 198.8 3.5
15 191.2 1.7 200.4 3.7 182.2 3.1 193.9 2.9 179.2 2.8
3 224.1 3.8 232.9 1.1 250.9 3.7 266.6 3.9 230.7 3.0
900 9 179.3 2.6 189.3 2.0 191.2 2.6 208.6 2.4 179.2 2.6
15 155.4 2.7 175.5 2.9 164.3 1.4 174.5 3.7 154.6 3.1
3 197.2 3.4 207.4 3.4 231.0 3.6 227.8 3.2 203.7 3.7
1 400 9 155.4 2.9 167.5 3.9 173.2 2.8 174.3 3.6 159.5 2.8
15 131.5 3.6 147.6 1.5 146.4 1.3 132.4 2.2 139.9 2.4
%3 FEH. y TREBDBAESAKE x
Tab.3 The maximum length x of rain shed along the edge of the shed under different / and y
J(uS/em)  H/(mm/min) 15 s 5 V5 Vs
x/mm ox(%) x/mm ox(%) x/mm ox(%) x/mm ox(%) x/mm ox(%)
3 34.7 4.6 36.4 5.1 34.9 3.4 38.4 2.8 38.2 4.9
320 9 37.2 6.5 41.8 4.5 37.7 2.6 423 3.7 41.6 5.3
15 41.6 5.1 435 3.8 42.1 5.9 45.5 4.6 44.0 4.1
3 35.3 4.9 36.2 3.6 33.6 3.2 37.4 4.9 38.1 3.7
600 9 37.7 3.7 40.1 2.5 36.5 4.7 43.0 5.4 42.8 2.2
15 42.5 3.0 43.7 4.3 43.8 5.1 44.6 4.2 44.6 6.4
3 35.6 2.8 37.4 1.9 325 6.8 38.7 3.8 37.3 6.0
900 9 37.5 4.4 39.6 3.7 35.7 2.0 42.8 3.1 42.0 4.5
15 41.3 5.2 44.4 4.0 41.8 4.6 45.1 4.0 43.7 5.5
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J(uS/em)  H/(mm/min) 15 115 5 V5 Vs
x/mm ox(%) x/mm ox(%) x/mm ox(%) x/mm ox(%) x/mm ox(%)
3 34.8 6.4 37.3 6.8 33.1 5.5 37.9 2.9 37.6 4.8
1400 9 38.4 2.3 40.3 5.1 36.3 6.3 425 2.4 42.4 2.6
15 42.9 3.7 44 .4 59 42.7 6.1 452 6.6 441 3.2
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Fig.3 The relationship between H and En as well as x
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Tab.4 Fitting parameters of En and H

' A a R?
I 286.51 0.220 7 0.988 7
I 303.97 0.218 2 0.998 5
il 333.91 0.258 5 0.996 7
v 353.20 0.2516 0.977 6
\% 302.10 0.243 3 0.994 7
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Fig.7 The relationship between y and En as well as x
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Tab.5 Fitting parameters of En and y

%5 B b R2
I 1742.41 03327 0.991 8
I 1 802.96 0.329 9 0.997 1
I 1779.37 0.326 5 0.967 7
I\ 2007.24 0.3352 0.996 0
Y% 1759.19 0.3353 0.976 9
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Tab.6 Fitting parameters of £n with H and y

ETRE) c m n R?
[ 2239.37 0.179 6 0.3120 0.967 7
I 2 470.21 0.1753 0.319 0 0.995 4
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1Y 2 839.19 0.237 6 0.3137 0.950 6
v 2 187.15 0.1959 0.302 9 0.967 7
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Tab.7 Experimental and calculated values of the rain

lightning voltage gradient En

B y(uSfem)  H/(mm/min) WA/ FEAE, O MxRE
(kV/m)  (kV/m) (%)
500 6 2412 2335 3.2
500 12 210.7 206.2 2.1
: 1200 6 184.0 177.7 3.4
1200 12 160.6 156.9 2.3
500 6 254.9 248.5 2.5
500 12 2275 220.1 33
! 1200 6 186.1 188.0 1.0
1200 12 162.4 166.5 2.5
500 6 263.8 253.9 3.8
500 12 225.7 217.6 3.6
" 1200 6 206.3 194.4 5.8
1200 12 175.0 166.6 4.8
500 6 260.3 264.0 1.4
500 12 218.5 2239 2.5
1Y
1200 6 194.1 200.6 33
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Abstract With global climate warming, the frequency of heavy rainstorm events is increasing. During heavy
rainstorms, composite suspension insulator strings are prone to reduced creepage distance utilization and potential
rain flashover accidents due to the sudden increase in rain intensity and rain columns bridging the skirt gaps. Since
the rod diameter and skirt diameter of composite suspension insulators are smaller than those of large-diameter
composite pin insulators, and there are significant differences in skirt structure and creepage distance, the rain
flashover characteristics of suspension insulators cannot be equated with pin insulators. Hence, there is insufficient
data on the rain flashover characteristics of composite suspension insulators.

This paper conducts artificial rain flashover tests under strong rainfall conditions using five different skirt
structures of composite insulators. It investigates the effects of rain intensity and water conductivity on insulator
AC flashover characteristics by analyzing the rain column length at the skirt edge, simulation models, arc
development paths, and critical leakage currents. A formula for calculating the unit insulator height AC flashover
voltage under the combined effects of rain intensity and water conductivity is proposed and verified for accuracy.

Results indicate that the unit insulator height rain flashover voltage is negatively correlated with rain intensity
and water conductivity, following an exponential decay function. The voltage gradient reduction can reach 41.9%
and 43.8% respectively due to these factors. The rainfall intensity of 9 mm/min can be considered the tipping point
between non-extreme and extreme rainfall. Additionally, composite insulators with larger skirt diameters and skirt
spacings are more significantly affected by rain intensity, while the impact of water conductivity is consistent
across different skirt parameters. When the rainfall intensity is low, the shorter rain column causes the arc to
develop along the path of “rain column-air gap-small skirt surface”. When the rainfall intensity is high, the rain
column is longer, and the vertical air gap within the rain column is directly broken down, leading to the arc
development path of “rain column-vertical air gap-large skirt surface”.

In addition, the maximum length of the rain column at the skirt increases with rain intensity and varies with
skirt diameter and spacing. The arc development path differs significantly among insulators with different skirt

parameters. Insulators with larger skirt diameters and spacings exhibit a combined air gap and skirt surface
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discharge path, with reduced rain column bridging the skirt gap due to effective skirt coverage, resulting in higher
creepage utilization. Therefore, insulators with larger skirt diameters and spacings can effectively enhance the
insulation strength. Due to the influence of the number of charged particles in the water and the area covered by
the water film, the average critical leakage current increases with rain intensity and water conductivity, which
increases the energy gained by the electric arc and promotes the development of local arcs and the formation of
discharge channels. During heavy rainstorms, to reduce surface leakage current on composite insulators and
prevent rainwater from bridging the skirts to form a “rain pillar-vertical air gap” continuous arc path, it is
recommended to use composite insulators with larger inter-skirt spacing and skirt diameters in regions prone to
frequent heavy rainfall.

Keywords: Heavy rainstorm, AC flashover, composite suspension insulators, shed configurations, insulator

selection

(HmiE F k)





