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ABSTRACT: With the development of ultra-high voltage
power grid, the accuracy of tower wave impedance parameters
is becoming increasingly important in tower design and
analysis of lightning protection performance of large span
transmission lines. This paper establishes the theoretical model
of wave impedance of high tower, and the finite element
electromagnetic field analysis of the split tower structure is
carried out. The refined multi-wave impedance model of the
tower is compared with the multi-wave impedance model
obtained by the formula method, which verifies the
effectiveness of finite element calculation of multi-wave
impedance. The whole long-span transmission line's simulation
model is built using the electromagnetic simulation software.
The lightning withstand level and the lightning withstand level
of the line are calculated. In this paper, the protection measures
such as increasing the length of the insulator, modifying the
protection angle of the lightning conductor, and the sag of
ground wire are considered to improve the lightning withstand
level of the large span line, and the safe operation years of the
large span line before and after modification are calculated.
Considering the coordination of insulator length and air gap,
the insulator length is appropriately reduced to achieve the

overall lightning withstand level of large span lines.
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Fig. 1 Global distribution of lightning activity
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Table 1 Characteristics and correlation analysis of
lightning strikes in dense channels, processed version
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Table 3 Result of shielding data ANOVA
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Fig. 5 Visualization of UMAP clustering result
dimensionality reduction
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Fig. 6 Elbow method for determining the optimal number
of clusters for typical transmission line
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Table 6 ANOVA Table

BRAH R s Fif
B BHHE ¥1J5 H
HL R S5 2R 0.361 2 0.011 492 33.768
B 7 7 4> 0.116 2 0.020 492 5.812
L IEE 0.002 2 0.005 492 0.375
o 0.037 2 0.004 492 9.798
47 £ 3.773 2 0.021 492 181.456
PRV ET 0.004 2 0.002 492 2.301
T 55 8.259 2 0.020 492 405.798
i T 165 £ 2.051 2 0.026 492 77.626
N EE () 0.113 2 0.022 492 5211

HI ANOVA MR DA i S, fRé
i HUTBTAT PR IS SR RIS v o TN 281 A (e i)
FISRRAR F A, EES. ERBURE T
I Z SR T NS R AR R R,
B E LR (R 3 33k A7 3 — 2P 2 4y, A

FCIX PRSI LA 7 ) 22 57 10 TR 48 0 2 (e o) )
WREZIRR DL o
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5
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Fig. 7 Visualization of UMAP clustering result
dimensionality reduction for typical transmission line
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Table 7 ANOVA of typical transmission lineslightning
current amplitude

MR B/ A 75 H i 75 1 i
(—o0, —150) 0.011 2 0.002 492 5.348
[-150, -50) 6.116 2 0.022 492 283.744

[-50, 0) 46.717 2 0.000 492

[0, 50) 34.208 2 0.000 492 -

[50, 150) 3.440 2 0.021 492 161.734

[150, o) 0.000 2 0.000 492

2R 7 TR H: 48 BRATE[-150, —50)
PLEZ[50, 150)X [H] i (A 48 7 SO i ) ) SRR 45 R
FAEm, BIEEMS. B BAATE[-150, —50)F1
[50, 150)[X [H] i 55 25 B 1 pi 2 252 4 Pl 3 AR IR
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B9 S0 (DL/T 2209—2021)) RHL 55 175 it 5 1
500kV LA FFydar L2 g S e i B KA 150kA DA
b, T 110KV BLJZ 220KV % HL 2R B 1 e T R K
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Table 8 ANOVA of typical transmission lines
topographic features

A X e Fif
B1J5 H R ¥1J5 H R
5853 2.925 2 0.092 492 31.734
Tt 34.541 2 0.000 492
1 T3 51.469 2 0.000 492
WS 22.262 2 0.130 492 171.78
PR 2.004 2 0.080 492 25.058
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R BT 1 22 SR AE AT 4 A R AT 49 HH B B
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Bk 1% A7 R TR b S5 R R T 51 A o} e TR 44 T 2
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JAC RS L A0 1 T b 30 S F 9 80K R 7 22 SR R AE 5 TN
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[-400,-200)F1[200,400) X [&] LA K b 2 1 55 A I€ 3 |
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Table 9 Selection of independent variables

B3 % AR
xi i HLALIEAE
x Ry
x3 PN EE
x4 HuJB IS
Xs Hh T 5T
x6 W
x7 N

1R H LevenBerg-Marquardt EiE3H T A,
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ST+ ADhy,, =T (f(a,)-f)  (10)
A JRRHETHATHIA, TRRBLEERE: AN
PR 5 an WA SHL.
9 R 5k 22 5 FI(Rs), THETIEWT .
Ry=3(f~ ) (11)
R fiRREPRE; [ RoRTIME.

F 70% M EARE FHENZREE,  30% 1) & H A=l
REMTHER LG, L ER)E, RBBRM
AL, b IS THEN-75.279, wiv was wis was
wsy wes wr HILTHE S 3 N-75.279. —1260.554.
36.823. 216.962. —24.253. —238.731. 141.658.
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Table 10 ANOVA of typical transmission

A7 DN K A v B AL 32 B T S B 5 451 %
(N 28 % A B AT T SR B . ISR 12 P,
BN AN A &, B SEe o (178 (58
drEi ), 55 2 BIFIEE 8 HI K 6 rh i xt B H

b Py A R ¥105 B me A TN e T
o =t il A ) ;’; — i ﬁ\
T 5000 5 750 A, TR R S51HSE BT BAR AT T
5% 2.000 392 0.005 ALI\ EE °
FETE R it 40.000 400 SEHUS 3 AT MR SR AT VR T S
BIE G &t 35.855 399
WL 11 P, SEMEALEIZGESRE L ﬂXFLM” (12)
AR T i IE R
a=—1260.554x, +36.823x, +216.962x, —
F= 11 EBIFHE
Table 11 Model accuracy 24253x4 —238.73 1x5 + 141658x6 - (1 3)
Hif EHZR/% 258.589)67 -75.279
kRS 96.00 _ 134
. 93.53 f(X)=1.4098x10 ~0
Fz 12 BARGITELER
Table 12 Partial case calculation results
Weg R IEE PRI A KM HE IR b T {6 A TR R R Ll 5 B TR AR
1 -0.396 0.435 0.152 3 0.425 0.267 0.101 1 1
1 -0.271 0.435 0.128 4 0.566 0.306 0.059 1 1
0 0.073 0.671 0.142 4 0.566 0.437 0.104 1.4098E-134 0
0 0.080 0.788 0.145 3 0.377 0.340 0.110 4.6545E-113 0
0 0.085 0.435 0.119 4 0.566 0.412 0.147 1.1.027E-153 0
0 0.085 0.435 0.059 2 0.000 0.234 0.070 4.24503E-82 0
0 0.059 0.435 0.079 1 0.000 0.394 0.138 3.15566E-53 0
0 0.074 0.435 0.087 4 0.566 0.344 0.071 2.1931E-146 0
0 0.194 0.435 0.072 2 0.000 0.234 0.114 1.358E-145 0
0 0.075 0.732 0.085 2 0.000 0.385 0.132 4.18835E-67 0
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