20234F S 105 5E2 mHEIEREIE Advanced Transmission
2023 Vol. 10 No. 2 SOUTHERN ENERGY CONSTRUCTION and Smart Grid

DOI: 10.16516/j.gedi.issn2095-8676.2023.02.015 OA: https://www.energychina.press/
+800 KV %55 [T H it 0 B2 2k B 5 FE 1 BE
Ik ak -y ik

Wy, Z2HEY, 88X
(PRAEREXERD REE AR RIEARNE, &R 7 M 510663 )

E: (BT HFAERBOKVHHELAMLEBERENATRRE, TRRACEARGEFRETAANELERT
ATEXER, [FAEIXLFROAELEZLR00KV 5 E LAME XA TR, RE TR ALFLA T, K
, BABEREBE, ARRSARAERS, HET EIAFE; KEEEAIMLGMA . LEemE FH8 .
AR RESAIH], FAET AL ERE, FATTRET SR, BT ARG THAHEE, ok, T T o
AILFTHER (EGM) =P 2 THBEEW 2T R+ E 2R, [ERIGELERAT. TR2EHTFTERNELEERH
REFAFMER, 2ENREGF AL, TATRDSHBERMNORBLEGERGFLEYaE L, [EiR]¥4
ST CHABALS TR, LK EMRMMEEMA =256 RS ARA-15°%1E, THLEFENLERKT0.10
K/ (100 km-a-40d) 6985 & T K, BoMAFILARIE S 4%IEL800 kV K5 ehaf & sk 5 FIRETHYE, R T LFHH
T EBGERM A,

KEW: S ELAMEER; FToka; BERALR; FTEALE;, ©AIUTHER (EGM)
FESES: TM7; TMS863 XHEAFRRRD: A XEHS: 2095-8676(2023)02-0110-09
FRE (RIRERS) Z 4.

v

Research on Lightning Performance and Protective Measures of £800 kV UHVDC

Power Transmission Line
YAN Ziwei, GONG Youjun™, HE Zhiwen
( China Energy Engineering Group Guangdong Electric Power Design Institute Co., Ltd., Guangzhou 510663, Guangdong, China )

Abstract: [Introduction] Lightning strike is the primary cause of failures of £800 kV UHVDC power transmission lines, and the
lightning protection assessment of power transmission lines is critical to the safe and stable operation of the system. [Method] Based on a
+800 kV power transmission line project under construction in China, the conductor and ground wire types were selected according to the
design and use conditions of the project, and the typical towers were determined according to the altitude and meteorological area
distribution along the line. After comprehensive consideration of the distribution ratio of ground inclination, soil resistivity, thunderstorm
days, meteorological zone, etc. of towers along the line, the lightning protection performance of the line was evaluated and specific
lightning protection measures were proposed in respect of the lighting characteristics of the project. In addition, the calculation
differences between the two methods regarding terrain considerations in the EGM were compared. [Result] The calculation results show
that the comprehensive lightning flashover rate doesn’t meet the requirements of design reference value and mainly protect against
shielding failure. Thunderstorm days and the terrain conditions on the positive side of tower are the key factors for lightning protection.
[Conclusion] After adopting the -15° tower protection angle, the line located in lightning areas with C level and above whose positive
side ground inclination angle is =25° can meet the lightning protection requirements that the lightning flashover rate is not more than
0.10 f1/(100 km-a-40 d). The lightning protection performance and actual operating data of this project and adjacent £800 kV as-built
lines are compared and analyzed, which verifies the rationality of the calculation method and results in this paper.
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Tab. 1 Statistics of thunderstorm days along the line

HRAM L e B km i ot He /%

40 1165.8 55.39

50 676.6 32.14

70 211.1 10.03

80 51.4 2.44
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Tab. 2 Calculating parameters for pole conductor and ground wire
FeAl FLAS ELRHEL/Q- (km) '] A& /mm T IRaE/m kR /m
JL1/G3A-1000/45 0.028 9 42.1 20.18 54~75
JL1/G2A-1000/80 0.028 6 429 9.77~22.34 54~75
e T2k JL1/G2A-900/75 0.0345 40.6 15.57~17.1 54~75
JLHA4/G2A-900/75 0.0345 40.6 16.71~26.38 54~75
JLHA1/G2A-900/75 0.037 4 40.6 12.93 54~75
JLB20A-150 0.581 15.8 5.85~17.55 60~81
3 b 2k JLB20A-240 0.358 20.0 11.9~15.01 60~81
JLB20A-300 0.420 11.5 7.26 60~81
% 3 ARG Rk X BTk F AT
Tab. 3 Typical towers selected for different terrains, altitudes and ice zone
. , . N A HLR XTI B 1
g 7KX/mm MR /m ESwap-2il /B 5/
I 10 0~1 500 Z27102A 6.74
10 0~1 500 ZC27102A 6.74
10 1 500~2 000 ZC30102A 7.05
15 0~2 000 ZC27153A 7.11
15 2 000~3 000 ZC30151B 8.43
20 500~1 500 ZC27204A 8.10
i 20 1 500~3 000 ZC30203B 10.10
30 1 000~2 000 ZC27302B 10.02
30 2 000~3 500 ZC30301B 9.79
40 1 000~2 500 ZC27401B 8.41
60 2 000~3 000 ZC3060B 7.70
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Fig. 1 Typical tower type and multi-wave impedance model
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Fig. 2 Distribution ratio of ground inclination of towers

along the line

<100 Q/m
BN 100~500 ©/m

500~1 000 /m

1 000~2 000 /m

‘ 22.65%
W >2 000 Q/m
24.62%
\\
N 48%
12.59% \
3 B&TIEEREES R

Fig. 3 Distribution ratio of soil resistivity along the line
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Tab. 5 Shielding flashover rate of typical towers under different combination conditions

Led NG R/ -(100 km) 2]

FHRHANM PFR T /m b T A6 £71/(°)
-10° —11° —12° —13° —14° —15°
0 0.003 0.001 0.000 0.000 0.000 0.000
- 10 0.193 0.155 0.123 0.096 0.059 0.053
20 0.842 0.757 0.676 0.600 0.483 0.464
30 1.498 1.399 1.303 1211 1.064 1.039
0 0.000 0.000 0.000 0.000 0.000 0.000
10 0.082 0.063 0.046 0.033 0.016 0.014
66 20 0.448 0.391 0.339 0.291 0.221 0.210
30 1.028 0.942 0.861 0.785 0.664 0.644
0 0 0.000 0.000 0.000 0.000 0.000 0.000
10 0.030 0.020 0.013 0.008 0.002 0.002
60 20 0.217 0.186 0.157 0.131 0.094 0.089
30 0.545 0.489 0.438 0.390 0.319 0.308
0 0.000 0.000 0.000 0.000 0.000 0.000
10 0.008 0.004 0.002 0.001 0.000 0.000
>4 20 0.094 0.078 0.064 0.051 0.034 0.032
30 0.263 0.232 0.204 0.179 0.141 0.135
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Tab. 6 Average shielding failure flashover rate of all regions along
the line and the whole line
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Fig. 4 Lightning shielding failure flashover rate of design line

sections
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Tab. 7 Back flashover rate of typical towers under different

combination conditions

THRH/ PR/ HEMBH WEERACE I N
d m Q kA [¥%-(100 km)"-a™']

10 289 0.018

15 279 0.023

72 20 268 0.031

25 257 0.041

30 239 0.061

10 304 0.012

15 292 0.016

66 20 280 0.022

25 268 0.031

20 30 248 0.046
10 324 0.007

15 310 0.010

60 20 296 0.014

25 281 0.021

30 258 0.034

10 348 0.004

15 330 0.006

54 20 312 0.009

25 295 0.014

30 268 0.025
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Tab. 8 Average back flashover rate of all regions along the line

and the whole line

LHErEML  RMKE  RHERERERT Rl NG R/
X km 1000 Qm " 5H/%  [YR-(100 km) "“a™]
RS 388.7 25.34 0.020 6
G NI 328.5 54.88 0.020 2
i 2y 787.1 32.05 0.020 9
AR 486.7 4921 0.029 4
WiTA 113.8 64.47 0.049 9
E5 2104.9 40.04 0.024 3
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Fig. 5 Lightning back flashover rate of design line sections

TR AR R LMY R N % F R
0.024 3 % /(100 km'a) . IR EBATH 2 40 d H
F H R S TN 45 2R Bt - S FL B R L 9 7 1 3
FEAR— 2, M PHR M R, DU F O A S S ) TR
HLIAE P 1 55 4 OB/ DN, I TN 465 6 1
23 ZBEBELERNEERITE

WL Ll NG 5 R NG SRR A S 255
Tl NG 9 fiR .

x99 2EEAFELTNER

Tab.9 Comprehensive lightning flashover rate of the whole line
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Tab. 10 Shielding failure flashover rate under different
protection angles
/(100 km-a)

gy 70 PES PRSI0 PR RS
y 1iH—-10°  1ld—10° (li—10° i#s—15° 1liHE-15°
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Tab. 11 Comprehensive lightning flashover rate of the whole line

after the protection angle is optimized

S TAUGEAT  BaE gt AT INGR/ AR
oAt T [K(100km) a0 d)'] 4MEU%
Ry % 0 0 0.108 9 0.00
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Tab. 12 Comparison of calculation of lightning flashover rate
under different terrain considerations
/(100 km-a)
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Fig. 6 Erection of towers in mountainous environment
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Tab. 13 Comparison of operating value and calculated value of
lightning flashover rate of adjacent UHV lines
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