Contents lists available at ScienceDirect

Engineerin
S

Engineering

&5

R journal homepage: www.elsevier.com/locate/eng

ELSEVIE

Research
Electrical and Electronic Engineering—Article

2R3 500 kV i EEITIE S &80 F RINE Y
FET R VAR A BT, R e

A State Lab of Power System, Department of Flectrical Fngineering, Tsinghua University, Beijing 100084, China
b Shandong Electrical Engineering & Equipment Group Co., Ltd, Jinan 250024, China
¢ State Grid Jibei Flectric Power Co., Ltd. Research Institute, North China Electric Power Research Institute Co., Ltd,, Beijing 100045, China

ARTICLE INFO BE
Article history: ZR A FL G B (OTL) — FLLASK A2 H A% i 2207 3 56 i e PR T P P TR0 v i FLAT

Received 10 March 2021
Revised 18 July 2021
Accepted 29 September 2021

B R RS il 2 0, s i BRI R R S . B R R B E S A% T IR RS, S EHEH BN
NIZ TR R R T5 58 o AEASSCAT AR o 17— A>T E AR 14 RS A2 (AC) 500 kv 4 AT
B FEHEIN 1A FIRR o e B . A B DA LIS SR 1 TR S8 R R R WA T TR 2% () T

Available online 4 April 2022

Ao I N 46 L L AR

R PRI R 2 R BEAT B IE AR SR T I AR RN . AT LA AT
BEEER AN N AR TS 0 PR IR T Ko BT A RO IR i 48 R 5 W7, il 1 & REE i AT 4,

%5237 Gl TS
7 ok TR T E AT %

% % Hig ©2022 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher
ﬂ | ; Education Press Limited Company. This is an open access article under the CC BY-NC-ND license
;"'; ?‘—_?{é (http://creativecommons.org/licenses/by-nc-nd/4.0/).
A

i 35 7K F

1.5 TES AT ES T 5l A BEHE, JF B H AT SA/E 2 A E XA A R

E LT, BT REERE R D AT ) K
3K, e B R R OIS TR AR E1-2].
s 28 (OTL) — H DORHDZ H AL 3= 207
X, JFHEIER: F RIS TH P ZEESIEMB. A
i, CEE AT R T BN R RN . RN, BEE
LR 25 2 (4, S AT ES I RS R K. ARSI
(AC) 500 kV % F 28 i 1, A B JBR 1Y) 96 JEE O 45~
60 m. RIfERAKERIE, tHFE28~43 m, ERTH
TR B K & & 4]

NT fRPOX— AR, H A TE 20 t22 60 AEAR R

* Corresponding author.
E-mail address: 1xd-dea@mail.tsinghua.edu.cn (X. Liang).

JEACE RRE TR BT E Lz A, B E SR
FEIE T LAYk > K B B MR [S—6]. T B FEAR I (SR) 4
ST, EEBHIZHRNTER. SWEMEHHE
e, DLREY R AR SR (8, L ki B AR 7
-9, ART, X TR RS, w500 kv FEHKE
AR, BRARIKP I G 4 27 0 R AR S A
BTSRRI B R [9-11]. T2, IR AREE T
—Fh SR IR R R AR BT KP4 T ARIE 4
GRRTELSR B2 Ab, IR IR 48 2T DASR b T 5
[12]. X—&50) B Al OBk 2 20 Bl T

HETAH MR A FRIE 4T BUE N IR % 73R

2095-8099/© 2022 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher Education Press Limited Company. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

YLCJFE I Engineering, 2023, 23(4): 130-137

5| A< 3C : Qian Wang, Xidong Liang, Yufeng Shen, Shuming Liu, Zhou Zuo, Yanfeng Gao. Lightning Flashover Characteristics of a Full-Scale AC 500 kV Transmission
Tower with Composite Cross Arms. Engineering, https://doi.org/10.1016/j.eng.2021.09.021



2

(7375 7Y TN 28 R P DL RO FEUFE T 5 26 5 4 2 T R AR A 28
B o T I D R P DA % e 1 e e 6 D i P 4 SR
BRI, CAFEIFR T 4 R38R 500 kV 2 41
A5 NG, B T 2R 5 N 4% B 2 (Al SR 4O &R
[5,13]c TATUHL e T 1A 406 25 B B =0 82 ER A T V5 8 TN 245
Py, W HEET, e il R AR R R, T
S 2 AR B A T N [14-17]. 0T 1 5L
LR R A an e - FEAR B A, LN R A R 2
FR) TS AN SZEGBF 9T [18—19]. WA 2738 W 2 A RS 40 A AT 5
ok FR TN 4 R PE IR AT I R R [20-21]. 4R, SEPRAT
B4 (10 SRR T 2 0 ok 3 AR A TR A T 4 A AT S R A
b, A S A AR AT HE I R TN 48 e R Rld e 4 R
SR . A, BTIRRAAE A, A5
AR, WRAE1T e A MR A B i B 7K~ 22 7= AR B R
(R RZIADX — 1) BT R Re 73 B AR o

EASCH, FATMER T — DA 5 a4 R
ZZ Y 500 KV Hr BT AR AL, ek FL 0 T AN R AR ) R
AR, R T N, FR, 03 T RE-%E SR
R RS, Bl TN EER A, JEE, midxE
IE S5 B g5 SRR o dr, BN T A S AR RN .
T, ARSI H i v 5T A A B A R 1A 1 K
Py WA T AR TATE, JHEE T MR TR

2. KWigE

2.1, Sy HL AT IR

S8 FH B 4 RSF 323 500 KV A B R AT 55 7Y i
=53 m, WE1 (@ Frox, K, RA3Tm, LAILIr
6.4 mAN 6.9 m. SLEGATIEARYE 2 B AL 2 (1 I
“E7 FIRH AR, KRS O BT T RE
(9] B THFEEE0 R T PiAR RIS AR, Sebmt HAR B 747
TR P AR I 223 T SR, N alRrz N ¢ b
7 IR CHE MR, &SI — R T A
AR (0 B 3 20 AR RO AT 2 (Bl (10 4% HIOHE 2% AT DL 220
[9,12]. HHEMAFEEMLL, ZEE B JFR LI 2~
3m I E . AT EAF S bR AT 4 1F, AR
WAL ZE TR 10m MR TL. JFH, ZHEM
PG e T —HI IR, RERFIE R T RO, 5
Gb, RTIREEAT IS E . RIS TR, AT ES R R
T BRIy, RS E A MR R, T
f&, A BRI SR FE R AU B 17 me BRULZAh, R
P SEIO PR R EER[22], LR Ha bR 2 A1 (R BE B R AS /I
T LS ERIINSS PR, TEXT N AT SEU0 B 2K FF 55 i k2

g, WET (b)) Fras, MRS LS RIL [
PEESE 10 m LA b, FEEUHINRE, AR N AR AT 52
SIS x4 1S BARR] (4 v

(a) (b)

B 1. Sei il B e IR — MR B S BEE R AT . () TR
BE (b)) SR

BELSMMBEARN L% T, WE2 @ Finx.
—XE MR LG TH TR, HakKA
5032 mm. [AIR, —XPKERMLESTH TP, K
YL B 20 4689 mm. JKPHL% T E 42N 320 mm,
A i KT A RIS IR A M R . 46%%
TR FEC A | iR FAN SR TN 45 S50
MRLER[5,9]. Ak, KPLLGTHSHEHERARE PO
ML, CAEUR S b (25 B OR M AR i i, iR
LRSS T — PR IR A eI I k) . KA 2T (A
maE2 (b fiar.

2.2, BRIEBRE

F 3 H R S 56 0 b o R R AR 98 AT E LR
7200 kV, FCaBRA H A IR AR R O R T ) 3 B
R 5 00 75 P e T2 T e, O L R T R 24 06 5 1) O 22 0 Sl oA
29.2% F-17.4%, HLIL PN 8%, X SEHH L [ br i T2
R4 UEC) FRUEMIER[22]. SUbRIN:, b i ik 2E 2
PN B 9 18.75 pF,  AMEHLA N 1400 pF i fa, ALdE5 &
BE SRR RS mIETI . AR R AR
et BH[23-24].

2.3, NI RER AR

NS R SR RS SO . ASSOTTE T Y
R R G 4 s AN R RIS, P A2 m] LA
PR SRR . — BRI, AR LA L
HI o i I AR AT IR, R G R T S



(a)
E2. () —EHAEBEMEHE; O MEEREANACFES TSR (© HTHALL%NERARREME .

1400
1200
1000 fal

A D 0
[=N=N=]
o oo

200

Voltage (kV)

o

-200

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Time (us)

B 3. IR L R, B 1] 1.50 s, 085 41.91 ps.

Tower with Overvoltage

¢

Oscilloscope
trigger

PC

B4, i L B R SR . PO A Al
3. ZER5 0

3.1 LI R R N 46 B AR

RS 2R E A RGH R AT RS 450, R A =%
REMIERAR. ERS T, d FoRAKFEG T NI RIS
M2 (B SBRIN T 5, dy Al d, ) 53 S0 3R K P 2 51 R RY
PG T P 4 SR [ BRIV 46 o 5 2k AR K U

2 PU foam
(b) (©)

FEUNER 1 s .

R1 BFNSBENABRKSE

Air gap distance

Upper phase Lower phase
d, (m) 3.98 4.10
d, (m) 4.67 4.43
d, (m) 423 4.56

N T B AT R R, RIS BT .
W = B AR I RS R A B 6 s o S i xR AN
ARSI T I SRR I L % 20 YR [22] WEA AR
BEARTECRR IR N 2 i . S5 RIE IR, K 4a %%
T A IR 51 5 2 B IS (RId) 2 i B E R
BAE G EAREI90%, 5 N 55%) o XA KIESE T
TR FL DA ARG 1 O e A (250 O HL, AR E 2 1]
8 22 S R W IRk X S ORI, T Sk
IR NOEAE s € SN

BE— DRI KI5 h A D BRI . [
TUTEBERE, R WNIEA KL 10 em 24 AR .
DRI, SR/ R S A A 3 S I T T B TR, 20
Qi T ABGERE, ERRE-EREORER SR HIR
Ui 5 RS AT TN 2% B 48755 U 1 7 BT

3.2, H A ST BN SRR

KR AR 1 EARAT N AR R SRR SR M R T
MINZE IR, WE 8 M9 Fror. ERES (b) H, BEFHH
JE RN, U R S B KT 8 21 R ISR 3

(©)

B S. E i iR T A BRI R AR. (a) AP T NI EIR 58 5 Z BIEABR NG, d; (b) KT 1P I3 Z [ B IN S, d,s

(o) RHLLEL T P IEI 2 [ RN, dye



L4

~
i

{ 4

7"

2 o

6. AR IR B S S B PR . (), R o )
(b d,, CHESMEIHD; (© dys (@) dye

|2 REIFSARI R 2% A

Number of flashover

Upper phase Lower phase
N, 36 22
N, 4 (negx3 + posx1) 9 (negx5 + posx4)
N, 0 9 (negx7 + posx2)

neg: negative lightning overvoltages; pos: positive lightning overvoltages.
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