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Fig.3 Energy density distribution on axis
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Table 1 Sectional dimensions and capacitance

correction factor values

R/em D, /m D,/m I/m h/m W, /] W, /] K.
7.00 1.1 1.5 4.0 389 6.75358x107 3.07248x107 2.1981
7.00 1.5 2.0 4.0 349 7.34626x107 3.07248x107 2.3910
7.00 2.0 24 39 309 7.71857x107 3.01894x107 2.5567
823 24 32 50 27.0 9.75812x107 3.77762x1077 2.583 1
946 32 4.0 5.0 22.0 1.07026x10° 3.91420x1077 2.7343
10.69 4.0 48 50 17.0 1.15462x10° 4.05341x107 2.8485
11.93 48 5.6 5.0 12.0 1.23371x10° 4.18808x1077 2.9458
1365 5.6 6.5 7.0 7.0 1.58037x10°° 5.52966x1077 2.8580
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Table 2  Self-inductance ,mutual inductance and

inductance correction factor values

K

L,/mH M/ mH Mdiu;;/ mH

PrEfE A R

0.8085 0.003943 0.003662 0.2548 0.2536 0.001240878
0.8096 0.003916 0.003637 0.2552 0.2535 0.001611714
0.7886  0.003774 0.003502 0.2548 0.2535 0.001346674
1.0150 0.004877 0.004530 0.2559 0.2535 0.002344797
1.0150 0.004847 0.004498 0.2558 0.2535 0.002327080
1.0148 0.004826 0.004478 0.2558 0.2535 0.002295731
1.0112 0.004812 0.004464 0.2558 0.2535 0.002339755
1.4178 0.006730 0.006243 0.2553 0.2535 0.001779457
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Table 3 Sectional size and values of

correction coefficient

R/m D,/m D/ /m {/m k, ky k, k

0.0700 1.5 1.1 4.0 0.81235 0.97659 0.79333 3.8387
0.0700 2.0 1.5 4.0 0.81610 0.97091 0.79236 3.8160
0.0700 2.4 20 39 0.77648 0.96676 0.75068 3.0108
0.0823 3.2 24 50 0.76057 0.96470 0.73372 2.7555
0.0946 4.0 32 5.0 0.82673 0.96336 0.79644 3.9126
0.1069 4.8 4.0 5.0 0.81351 0.96311 0.78350 3.6189
0.1193 5.6 48 5.0 0.77087 0.96345 0.74270 2.8864
0.1365 6.5 56 7.0 0.82026 0.96122 0.78844 3.7269
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Table 4 Sectional dimensions and heights above ground

h/m ry/m BHHKE /m

R = (24)

B R/e¢m D,/m D,/m [/m

1 7.00 0.8 1.2 3.0 41.8 0.5 4.8(wg)
2 700 12 16 46 388 05 5.8(w,)
3 7.00 1.6 2.0 4.2 34.2 0.5 7.4(wm)
4 833 20 2.8 6.0 30.0 0.5 6.4(w,)
5 9.66 2.8 3.6 6.0 24.0 — —
6 1090 3.6 4.4 6.0 18.0 — —
7 12.32 4.4 5.2 6.0 12.0 — —
8 13.65 5.2 6.0 6.0 6.0 — —
x5 HENEETEER
Table 5 Calculated results of refined model
Bs k,, k Z,/Q 7Z../9 Z./Q Z,/Q
1 0.34479  5.0765 425.1 146.6 748.6 307.2
2 0.34104 3.1752  420.6 143.5 458.8 302.7
3 0.32633  3.7735 413.1 134.8 511.6  295.1
4 0.32644  2.8592 394.8 128.9 370.1 287.3
5 0.31575  3.7489 372.5 117.6 442.1 —
6 0.30788 2.8670  348.0 107.1 308.4 —
7 0.30206 2.8784  316.0 95.5 275.7 —
8 0.29740 3.9106 268.6 79.9 312.8 —
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Fig.4 Potential distribution of tower top and cross-arm
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Multi-wave impedance modeling and lightning strike transient response analysis of

110 kV transmission tower
ZHOU Lijun',HUANG Lin',WANG Lujia',ZHANG Dong',LIU Bin',XU Han',CHEN Sixiang
(1. School of Electrical Engineering,Southwest Jiaotong University ,Chengdu 611756, China;
2. Foshan Power Supply Bureau,Guangdong Power Grid Co.,Ltd.,Foshan 528000, China)

Abstract: In order to accurately analyze the lightning strike transient response of transmission tower, it is
very important to accurately establish the wave impedance model of the tower. Based on the principle of
double cone antenna, the wave impedance formula of vertical single cylindrical conductor is established.
Considering the tilt factor of the actual tower and the correction coefficients, the 3D electromagnetic field
simulation is carried out by using ANSYS Maxwell to establish the relationship between the correction coef-
ficients of the wave impedance of main frame and inclined material and the segment length,the equivalent
radius and the top and the bottom distance of main frame, then the wave impedance formulas of main
frame and inclined material are derived. In order to reflect the propagation process of thunder and light-
ning wave in the high part,the high part is divided into 5 segments and the modeling is completed. The
EMTP transient simulation software is used to analyze the typical 110 kV double-circuit transmission lines
on the same tower. The results show that the refined modeling further highlights the process of lightning
reflection and refraction in the tower, and compared with the Hara lossless tower model, the wave form
change of pole-tower potential is basically the same,the rise speed of the crossarm potential slows down,
the peak value of the cross-arm potential reaches ahead of time and the peak value decreases,the peak va-
lue difference of the cross-arm in phase C is 9.6 %,and the peak time is 0.023 ps ahead, which reflects
the wave process of the high part and the influence on the transient response of the whole lightning
stroke process.

Key words: lightning strike transient response;refined modeling; wave impedance model; double conical an-

tenna; ATP-EMTP
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Fig.Al Typical 110kV power transmission tower
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TableAl Sectional dimensions and capacitance correction factor values

R/cm Dy/m Di/m L/m h/m Wemain/J We/J Ke
7.000 1.50 1.100 4.0 389 6.75358 X 10”7 3.07248 X107 2.1981
7.000 2.00 1.500 4.0 349 7.34626 X107 3.07248 X107 2.3910
7.000 2.40 2.000 3.9 309 7.71857 X107 3.01894 X107 2.5567
8.230 3.20 2.400 5.0 27.0 9.75812 X107 3.77762 X107 2.5831
9.460 4.00 3.200 5.0 220 1.07026 X10°® 3.91420 X107 2.7343
10.690 4.80 4.000 5.0 17.0 1.15462X10°° 4.05341 X107 2.8485
11.930 5.60 4.800 5.0 12.0 1.23371X10°® 4.18808 X107 2.9458
13.650 6.50 5.600 7.0 7.0 1.58037X10°° 5.52966 X 107 2.8580
7.000 1.60 1.200 4.0 36.1 6.90499 X 10”7 3.07248 X107 2.2474
7.000 2.00 1.600 41 321 7.50023 X107 3.12014 X107 2.4038
7.000 2.40 2.000 4.0 28.0 7.82672X107 3.07248 X107 25474
8.100 3.43 2.400 4.0 240 8.73515X 107 3.20380 X107 2.7265
9.480 470 3.430 5.0 20.0 1.10789X10°® 3.91630 X107 2.8289
10.840 6.00 4,700 5.0 15.0 1.22020X10°® 407420107 2.9950
12.200 7.30 6.000 5.0 10.0 1.31587 X 10°® 422123107 3.1173
13.560 8.60 7.300 5.0 5.0 1.39487 X 10°® 4.35409 X 107 3.2036
7.000 1.20 0.818 4.0 389 6.25851X 107 3.07248 X107 2.0370
7.000 2.00 1.600 3.9 309 7.29844 X107 3.01894 X107 2.4176
8.230 2.74 2.000 5.0 27.0 9.31315X 107 3.77762 X107 2.4654
9.463 3.48 2.740 5.0 220 1.03112x10° 3.91420 X107 2.6343
10.690 422 3.480 5.0 17.0 1.11487x10° 405341107 2.7504
11.927 496 4.220 5.0 12.0 1.19568 X 10°® 4.18047 X107 2.8602
13.650 6.00 4.960 7.0 7.0 1.53876 X 10°® 5.52966 X 10”7 2.7827
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TableA2 Values of self-inductance, mutual inductance and inductance correction factor

K
L/mH MimH Mag/mH e e o

0.8085 0.003943 0.003662 0.2548 0.2536 0.001240878
0.8096 0.003916 0.003637 0.2552 0.2535 0.001611714
0.7886 0.003774 0.003502 0.2548 0.2535 0.001346674
1.0150 0.004877 0.004530 0.2559 0.2535 0.002344797
1.0150 0.004847 0.004498 0.2558 0.2535 0.00232708
1.0148 0.004826 0.004478 0.2558 0.2535 0.002295731
1.0112 0.004812 0.004464 0.2558 0.2535 0.002339755
1.4178 0.006730 0.006243 0.2553 0.2535 0.001779457
0.8084 0.003932 0.003651 0.2548 0.2536 0.001236982
0.8287 0.003991 0.003705 0.2548 0.2535 0.001257905
0.8088 0.003870 0.003591 0.2549 0.2535 0.001363741
0.8198 0.003923 0.003644 0.2558 0.2535 0.002304524
1.0243 0.004878 0.004531 0.2542 0.2535 0.000724259
1.0253 0.004846 0.004499 0.2548 0.2535 0.001320141
1.0254 0.004818 0.004472 0.2556 0.2534 0.002182364
1.0232 0.004803 0.004455 0.2566 0.2534 0.003148894
0.8080 0.003989 0.003706 0.2547 0.2536 0.001103233
0.7885 0.003797 0.003524 0.2548 0.2535 0.001323077
1.0138 0.004899 0.004550 0.2556 0.2535 0.00205201
1.0137 0.004858 0.004510 0.2556 0.2535 0.002048273
1.0140 0.004838 0.004489 0.2556 0.2535 0.002092222
1.0139 0.004820 0.004472 0.2556 0.2535 0.002071469
1.4200 0.006760 0.006274 0.2557 0.2535 0.002188196

Fig.A5 3D simulation model of the main frame with inclined material
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TableA3 Sectional size and values of correction coefficient

R/m Dy/m Di/m I/m k1 ko k, k
0.07000 1.50 1.100 4.0 0.81235 0.97659 0.79333 3.8387
0.07000 2.00 1.500 4.0 0.81610 0.97091 0.79236 3.8160
0.07000 2.40 2.000 3.9 0.77648 0.96676 0.75068 3.0108
0.08230 3.20 2.400 5.0 0.76057 0.96470 0.73372 2.7555
0.09460 4.00 3.200 5.0 0.82673 0.96336 0.79644 3.9126
0.10690 4.80 4.000 5.0 0.81351 0.96311 0.78350 3.6189
0.11930 5.60 4.800 5.0 0.77087 0.96345 0.74270 2.8864
0.13650 6.50 5.600 7.0 0.82026 0.96122 0.78844 3.7269
0.07000 1.60 1.200 4.0 0.83198 0.97508 0.81125 4.2980
0.07000 2.00 1.600 4.1 0.76367 0.97037 0.74104 2.8616
0.07000 2.40 2.000 4.0 0.81265 0.96664 0.78554 3.6628
0.08100 3.43 2.400 4.0 0.78933 0.96498 0.76169 3.1962
0.09480 4.70 3.430 5.0 0.76206 0.96156 0.73276 2.7420
0.10840 6.00 4.700 5.0 0.79139 0.96048 0.76012 3.1687
0.12200 7.30 6.000 5.0 0.73931 0.96014 0.70984 2.4464
0.13560 8.60 7.300 5.0 0.81685 0.96044 0.78454 3.6412
0.07000 1.20 0.818 4.0 0.81096 0.98201 0.79637 3.9108
0.07000 2.00 1.600 3.9 0.78575 0.97050 0.76257 3.2117
0.08230 2.74 2.000 5.0 0.79708 0.96800 0.77157 3.3777
0.09463 3.48 2.740 5.0 0.80321 0.96584 0.77578 3.4598
0.10690 4.22 3.480 5.0 0.76933 0.96512 0.74250 2.8835
0.11927 4.96 4.220 5.0 0.81991 0.96493 0.79116 3.7883
0.13650 6.00 4.960 7.0 0.75959 0.96271 0.73126 2.7211

# A4 Hara TLIRLRIBMERIEMXI 5 RITEER
TableA4 Structure division and calculated results of Hara lossless tower model

2851 R/cm h/m Dy/m re/cm Re/m Zimain/Q ZJ/Q ZAIQ
7 418 0.8 20.3 6 140.0 1260.4 307.2
7 38.8 12 20.3 6 129.5 1165.4 302.7
7 34.2 1.6 20.3 6 117.6 1058.5 295.1
7 30.0 2.0 20.3 6 106.4 957.6 287.3

A w0 P
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TableA5 Structure division and calculated results of double conical antenna model

B9 h/m R'/m Z/Q
1 418 3.05 198.7
2 38.8 3.05 194.3
3 34.2 3.05 186.7
4 30 3.05 178.9
5 24 3.05 165.6
6 18 3.05 148.5
7 12 3.05 124.7
8 6 3.05 85.7
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Fig.A7 Transient simulation model of lightning striking tower



	202010021
	202010021_附加材料

