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Abstract: Reducing the impulse grounding resistance of transmission towers is an effective measure to improve the
lightning surge withstand capability of transmission lines. However, current methods for reducing resistance generally face
challenges in balancing technical and economic feasibility, as well as construction difficulty. Adding short conductors to
the grounding device combines the advantages of resistance reduction and simplified construction. This paper explores the
use of three-dimensional interleaved short conductors to reduce the impulse grounding resistance of transmission towers,
and provides the parameter optimization approach for short conductors. Firstly, considering the influence of nonlinear
ionization in the soil, the impulse grounding resistance of grounding device with short conductors is calculated by the
CDEGS software. Results indicate that the short conductors with three-dimensional interleaved structure exhibit superior
resistance reduction effects. Subsequently, taking the resistance reduction rate per unit length and minimum impulse

grounding resistance as indicators, the length and spacing arrangements of three-dimensional interleaved short conductors
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are optimized. Finally, taking a soil resistivity of 1000 ) * m as an example, the optimal length and spacing of the short

conductors are determined to be 1.1 m and 2.8 m, respectively. The addition of the three-dimensional interleaved structure

short conductors to the grounding device can reduce the impulse grounding resistance by 16.52%. This paper provides a

method guidance for the design of transmission tower grounding device.

Key words: three-dimensional interleaved short conductors; grounding optimization design; tower grounding device;

reduce resistance; CDEGS software

i EL R B 2 M e B Y T2 AR R A AR 2
T il o K B R AR R b IO R R A B I
T TR K K A R R e 0 o 4
HL, BEL A AP Xt g 2l 20 4 o 7 ol R GE B O B

o AR B PR FT 85 ol 2 L BEL Y O ik — L
PIAD T I A A, B AR AP 38 S Al 3 AR b
ATz T A R ANz A R A
BRI AE ko KT LR L DR SRR B - DL B
TR AR AETR B - % R BEL SR AR i, R 3 S
SR b 1 T AT PRI T HE— 2D W IESY . Ah 5] R
PR PN NGRS 7 e o S R e g 2
BEL, (R A1 30 sk 4 B 7 A 4 Wl AR ] fL 3 25, 23 5]
K—FRIVEAN I, A8 d T EZR, NBE R IE
R AR AR, R 2 R T 4 52 A 5 B B R BH
TR 2 N R i T [ AR R A Ry 5 AR T A
I N W Y O T L AR W TR A [ P Ly P
7T 5% BEL 2850 R R 28 15 4080 2 e LA SHE it ] f8

A BT 4510 0E B, 7 e b S Ak i T
ST A R AR v o R R BT MR T H AR E
A 422 Ml 2BE T, VNN T AR 4 ke R LR B
Jiti T AR . A AR S T8 43 A A T A, K Ry
T 2 b 206 5 018 i T RIS AR A DR B I 1) 28 T R

SCHR[ 13 T3 A ol 42 AR S S 00 45 3 e 1
A7 T BAAR 7K T 2 AR v 3 B R A T o 3 o O
SR8 5] T R A AN A i K B 8 n B 45 b o
22 b Fi, BEL AR IG5 2598 5 Sk [ 14168 7K i A 78 4 b
PRIEAT RSG5 5 S AR ] 199 B e 880, HH e 4
W0 HL 3 4 AT, DA SR R I e o 22 1 R B SCRR[ 15 ]
K Z Y B8 A A FR T 40 B i O 1% F 5 4 b AR
B ST 4 98 AR TR Y X3, X S R Y S B A AR
b, R e B SRkt S % . B, xS
I3 K2 R K570, SCREL6 ] 4 1
SO Bk oy P SRS XN (B DO R TR R ENIUE A 34
HEATOEAL , o AR 28 B 3 25 e A 4y R A% .

Zi L TIR N T TR 40 M A S AR Y BEL AL

R AR AR LA BB R 45— R
JH == 4 52 5 A L A o AT B o it 4 o el BHL 1Y
Jiik o M CDEGS $2 iy 338 50 X e A o o 42
M v BH A R AT T 5, A SR R JRE I BH 30k
kSR 9 R 28 5 AR 5 0 R B S A AT
(A a5 NN S W Y R N (B ISR 1S
K v R o ol 2 i L B (AR Ok

1 R CDEGS 8k F i1 & np i #2 iy
REL A% 7

Jo S A 118 AR BEL 20 2R 2 R B 7 R UK i R AT 3
JE b 2 0 ook M H BH T DR, TR B R M
EE U1 e o b R LR AR SR T — 2 S A AT
1.1 CDEGS it & i #ith B B A R I8
2T HL LU 20 1 2 LR B 3 R
AP N . £ CDEGS % 5 53T 5w, ) H
FFTSES #8438 1 1F 18] Fourier 48 e , K 75 FiL i A9
I 358 o 7 2 A5 S AR S0 )3
)= (e ™d (1)
SR Ji5 B FFTSES #8338 i I 1] Fourier 45 4 13 %]
I3k R 4 R AE 2, B
1

U(I)Z?njiyUo(w)I(w)eJ“”dw (2)
P, Uo(w) Ry oK 28 3T 145 2 i 35
AR FH e 4 o 2 e B
R,=U.,/I, (3)
o, Un o $2 3 2% 8 T o U T A AL R R T,
“hy T FRL VL P R

1.2 ZEIHEEEMEERNpEEMBEENITES A
T HL DI AL 28 4 b e M N S I 2 (0 4 0
A PR S JCRE R B FL 8, 2 5 R ] T R
Y5 2R T A A K AT (9 1 5 35 EC

et R A R o TR DX A 9 e BH R AR L



%3855 6 W

W AR5 =R AR AN R T URTE A AT B e v B R D ik 261

W H AR B AR R R

1E CDEGS #4Frp S 1 5 o o 1 53 v b
e Hb F B, T B AE— 2B 2 IR LU A b R -
RPEHR BRI . N IR S A B IR 1T
/&, M CDEGS #4153 1 B 1A 19 T HL U -
B R SRR R R

ol
e f— 4
T orlE. (4)

K BRI KE o b LB R TN E
Bt R0 U HL R s ECBC 300 KV /m'™
%Eiﬁiif/\)ﬁ

1 3 5 7 9
E1 »&%k
Figure 1 Diagram of sectional conductor
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Figure 3 Schematic diagram of wiring for impulse

grounding resistance measurement test
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Figure 6 Horizontal, vertical, and three-dimensional

interleaved arrangement of short conductors
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Figure 7 Impulse grounding resistances under

different short conductors arrangements
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Figure 8 Diagram of grounding device with three-

dimensional interleaved short conductors
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Figure 9 Impulse grounding resistances of grounding

device with different short conductors lengths

FT AT O B2 A B I B0 R A e R B U AR G
JE 0TS AR B R Y 5 L AR A A i MU
PR B AR 8 9 I S g RAAA K (5) L 14
B B R B R R A B S AR A
L0 FI7R o

1.5F

141

B P i BE /%

1.3

0 1 2 3
RIS /m
El10 REAFHRKET o) f 2K ERmEE
Figure 10 Resistance reduction rates per unit length with

different short conductor lengths

F 1] 10 A] R, 727K P 55 e B4 S 4R 22 (8] 49 18] B
2.5 mBfE T AR LT m R
JEE A I BEL R e e, RS TR 2.5 m 9 S 44, B
A BE R A 4R m 1 15.3%0 0 X2 N SR K
5L I e BHL ORI A T A B B I 2 A 7R
FL I B S A A B e S BRAR T K
PRI o 52 PR B0 v N6 R 4 B e R R
FRUN S AR S0, ARG ST 311 v 7 i5 45 B 5 A
Y Foe (I IS



264 I <

15

Eid =S 3 20234E 11 A

32 ZHTHEEHNESEEARNHRER X
3.2.1 fifeirik

1) FIFH 2 #3555/ CDEGS #EA705 it 5,
FE3C 3.1 4538 1Y SRl B KO R S T S
A 2Z 18] 1 1] B (Bl B 8 5 A 22 (] 1 ] B 38 o, 22 3¢
FEIKOT- 422 H A b 1) S A R B50AH 1 9 70 )

2) 13 3 g T A 2 (8] A 1) B 5 e 2 b el BH Y
PR IAER

3) MR G F AR Ak il 42 LA /) it 2 el BH A
Fi o 12 LI A 1] B
3.2.2 A

X312 mgsie, B FARKER L m,
DA, 7 P8 T /s A58 Y (1% 6 il I 0 el AR K F 5 AR
B R 2 ) 1 ) B ok 2 e B

Shy il JE RN B R, KT 5 R RS AR 2 ] Y ]
PR AN 2.5 m FF IR BN, K P E2 b AR 9 1 B R 20 m, B
J AR 8 AR, R BH AR A EE L 1 000 Q « m.
IR AR IR Ry 0.8 m, K- FE IR 20 5] R kA
S AR R B AR N 14 mm (19 7B 6 R, 78 SR E
Ui 1 A 20 KA B9 5 FLUR B AL U R FH (2.6/50) ps 1Y
XA B, BEE R E 11 Fis .

70
<]
= .l
ERC
=
I
&
®=
64— ‘ ‘ ‘
25 3.0 35 4.0
[&] B /m
11 RE R THEMLETG T EER M

Figure 11 Impulse grounding resistances of grounding

device with different short conductor spacing
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interleaved short conductors
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