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Intelligent prediction of switching impulse discharge voltage in rod-plane
long air gaps at different atmospheric environments

QIU Zhibin, SONG Yu, WU Zijian, CHEN Wenhao
(Department of Energy and Electrical Engineering, Nanchang University, Nanchang 330031, China)

Abstract: Air discharge results from the interaction between electric field and atmospheric environment, therefore the air
gap switching impulse discharge voltage is affected by the interelectrode electric field distribution and the atmospheric
parameters. In order to calculate the discharge voltage of rod-plane long air gaps at high altitude areas, we construct an
insulation prediction model based on k-nearest neighbor (KNN) algorithm with air pressure, temperature, humidity, altitude,
and electric field characteristic parameters as feature set. The KNN algorithm was trained by the test data in the altitude
range of 55-4 300 m to establish the mapping relationship between air gap features and the insulation strength, and then
discharge voltage prediction of rod-plane air gaps at the high altitude of 5 000 m with different gap distances was realized.
The maximum relative error and the mean absolute percentage error are 8.58% and 3.78%, respectively, which verifies the
effectiveness of the proposed method. When the model was extrapolated to the rod-plane air gaps in plain area under
different atmospheric parameters, the predicted discharge voltages also had good agreement with the experimental values.
This study results can provide references for the calculation of air gap insulation strength in different atmospheric
environment.
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Fig.1 Electric field calculation and feature extraction of

rod-plane long air gap
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Fig.2 Normalization processing of feature data
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Table 1 Training sample set of rod-plane gaps at different altitudes
Hm  dm p/kPa T/C hi(gm’) Uy/kV| Hm dm p/kPa T/C h/(g/m®) Uy/kV | Hm ¢ ? T § Yso
/m /kPa /C /gm®) KV
21020 87 1549 779.0 | 1016" 5 8888 19.5 13.56 12247 4 70.65 18.00 738 955
3 102.0 7.5 1.583 973.0 2.00 77.20 26.15 12.26 655 5 71.00 1680 6.16 1121
4 1020 6.7 1.636 1149 299 7720 2620 12.80 892 {30007 5.02 71.00 17.05 6.66 1166
5 100.7 29.0 10.879 1293 4.00 77.15 26.25 13.51 1079 6 71.00 1730 6.75 1279
6 101.8 6.0 3.517 1380 || 22007 599 77.50 29.80 8.26 1382 7.5 71.00 1695 589 1513
55113 7 101.5 25.0 18.585 1432 6.95 7745 29.40 731 1577 2 60.50 14.10 4.05 470
8 101.9 9.1 1.471 1705 7.00 77.20 25.00 12.87 1595 3 6055 1395 357 631
9 1024 9.0 3.653 1834 8.00 7730 23.40 12.56 1751 4 60.50 09.15 4.35 841
10.5 103.0 10.0 5.347 2051 2 77.1 20.5 10.802 661.9 43008 5 60.55 1335 3.65 958
11.5 103.0 10.0 5347 2140 5 25407 3 77.1 204 10.749 885.0 6 60.70 6.95 5.14 1134
12 1027 1.7 0896 2137 4 772 2045 10.608 1023.2 7 6045 12.10 3.78 1230
2 88.55 19.5 13,55 7330 5 77 20.6 10352 1165.6 8 6020 1520 4.78 1417
1016 3 88.95 19.5 13.56 9256 3 0008 2 71.00 1590 5.80 556 9 6030 1540 498 1584
4 8890 195 1356 10734 3 70.75 18.00 5.65 762
®2 5000 m iR IR TR (B BR AV AR R B R UM 45 2R
Table 2 Discharge voltage prediction results of rod-plane gaps at 5 000 m of altitude
H/m d/m p/kPa 7/°C h/(g/m?) U, /kV U, /kV U,,/kV U /kV e,/% e,/% e;/%
2 56.45 6.45 6.03 431 468 475 496 8.58 10.21 15.08
3 56.4 8.20 5.39 637 628 655 627 -1.41 2.83 -1.57
50008 4 56.4 8.20 4.70 802 837 827 840 4.36 3.12 4.74
5 56.3 7.55 4.36 973 956 985 952 -1.75 1.23 -2.16
6 56.3 8.00 4.14 1098 1129 1144 1123 2.82 4.19 2.28
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discharge voltages at 5 000 m of altitude
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Table 3 Discharge voltage prediction results of rod-plane
gaps under different atmospheric parameters

BE  dm  p/kPa  TIC h(gm) UykV UV e/%

3 1033 1.0 345 9437 956 130
4 1023 2.0 3.64 1108 1143  3.16
5 1023 2.0 3.61 1255 1300 3.59
6 1024 24 299 1422 1373 -3.45
IR 7 102.1 3.6 3.55 1570 1486 -5.35
8 1041 3.5 123 1625 1588 -2.28
9 1040 2.0 333 1820 1937 643
10 1028 -1.8 090 1926 1989 327
11 1028 -0.9 0.88 2011 2062 2.54
3 100.5  25.55 2.8 972 967 -0.51
5 101.1 270 12.1 1292 1280 -0.93
6 1015 25.0 18.6 1341 1417 5.67
iR 62 100.8  28.0 10.6 1430 1442 0.84

7 1014 26.0 19.4 1442 1538 6.66
7.38 1013 255 12.0 1586 1581 -0.32
858 101.1  28.0 11.7 1746 1834 5.04
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Fig.7 Comparison between predicted and experimental
discharge voltages of rod-plane gaps under
different atmospheric parameters
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