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ABSTRACT: The experimental investigation on over-voltage
protection for outdoor low-voltage overhead transmission lines
is carried out. Based on a typical natural lightning with multi
return strokes and combining with lightning location data, the
values of over-voltages at entrance terminals for housings and
those at front-side of collector, which locate at differnet
positions of transmission lines and the residual voltage
characteristics of surge protective devices (SPD) located at
collector front-side as well as the relation between
over-voltages of L-lines at entrance terminals for housings and
return stroke current of lightning are analyzed and discussed.
Analysis results show that close range lightning can lead to
induced over-voltage with amplitude of several kilovolts on
low-voltage overhead transmission lines and the duration of
this over-voltage is about 1.0 ms in average; after the action of
SPDs installed at the front-side of collector the over-voltage
waveforms at farther entrance terminals for housings will be
influenced, and the duration of residual voltage after the action
of SPD is about 218 ps in average, which is longer than the
duration from standard 8/20 ps test waveform; and there is
good linear fitting relation between induced over-voltages at
entrance terminals for housings and the ratio of return stroke

currents to return stroke distances.

KEY WORDS: natural lightning; multi return strokes; induced

over-voltage; transmission line; linear fitting

EE&WMB: PHEAGRHE AN E S H (CMATG2008Z07);
A s AT R L T(GYHY2007622)

FEE: 0 I AMIC R B S i i B TT R T 3 o s B ik 3 40T
T Wi — IR [ 2 [l F AR D 5 AR 1o e R R A T
FL 2 AN TR St i L 2 B AN [N RN P ity S SR B o T i 1)
I H R K /N LR S 8 HT I LY OR 37 48 (surge  protective
device, SPD) k4 S N P o L it i A 0 ) v [l o L 3
Z AR RIAT T /M AR o I 43 Hr BB : 33 PR 251K 1A
HLAE AR 2R 2 B 2R it D= 2B L kv RN e, o R
SRR ESFAIZ) 1.0ms, SRS HTHI %3¢ SPD AfE)E, iz
I sl F PR e T AR 2 52 05 s SRAESS s SPD BfE
B E AR B ) -4 218 us,  ELARUE 8/20 ps i ik i 4%
SR AP o N I e [ e A AR G 2
PR R R,

KA FRWNH; 2l BN s kg, gt
A

0 35

i PRI o A A A £ 2 A
A E G D s, R P AT A
LS, BRI L o RN R s IR T i
HEL kB 1 A AR OKS, A7 F 7 2 AU A P 2
P o7 5 R DA 9% Bl e s 1) 32 S8 PR 38 AN L 7 1
e N H M, TR I s A R i R
90%. X IXLERGEREATAT RN B3 7 2 T i e A
e R it b AR Ao R A o SCHR[A DX 7R HL
PRI R s R RUREAT T A gk S
BRIS]20 M 1 o vt s 10 7 R AE B I 3 B AR 1Y



164 TP

R Bl AR DA R R A i PR SR 3o vl TSR A

Vol. 35 No. 2

s EAMRI N T R TR A X i i H 2k
S8 BT Pt FR PR AR AR EA T T WO [ P ST
P, 28 i JE Y Tk L P PR IE 9 8 22 11 2 ) R B AU
AT, bl WL, A A X AR DA HL
A TN L T R UL AT A8k 550 o A T TN HLRE
PERGEIGERE, T RN R A 1 RS 5 R P i
B, AT B AR DA L R L o 1 S 1o F
IR AL T 2 B R
1 REHERMNENEE

fiy P 2 B Y 3o Pl A ey LI 1, R
¢ RS S RV B 2 AN AR, AR LR
KER(L £R)FIZ LR (N 2862 AHAL Rk, Gl ARFF 32,
B AR [ S ER B2 1200 m, 2R 2k BRI
TFETHL 52 m JE4 AAI GRS, 4
LRI A B 1) 220 V ARSI LR i, 2R 25 i
H AT ) R )b

FIR AR 26 K40 1200 m

L i

L .
ity s ds \:l

o V|
rmitE

T l_ | |

N/ T. . k(——— j“_\?/:}:l'_‘.jt \

e e | T SN g 52 m

ﬁﬁﬂ‘%%ﬁ__%&ﬁii%;#sm)
i =

B1 BREERENESEENRGE

Fig.1 The layout of induced over-voltage test for

the power system
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Fig. 2 Over-voltage waveform induced by
lightning N080812 on L-line in home-side
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Fig. 3 Induced over-voltage waveform of different return storkes of lightning N080812
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Fig. 4 Amplified induced over-voltage waveform of
the sixth return stroke of lightning N080812

1720 FPE AL BRI ISR TE, 3 IR el Jk et
FE (PRSI 1) L 4k 0 [l o 22K, ool f Hs 937 1
B, HARRRER I, I 4 B nT 0L, SN
M TR R 2 R ERAIRIRAE, ek BRI AE
WIURWEAE - FHI[H]ZY 5 ps, Ho5 RG] R Y 12 ps.
2.3 APim L. NZ&RNIEBE
FHPE 3 AT, Bk L. N 2B i B
TE—8, JLAHWIER 1 Prox, SOV i e it
ARAHEE, KEB4r Rl (10/11)N 2t R LE L 2817
S, Ly N ZRBUim BEEAR—3, N Zead fi s fh
e e S AR R A A . A, AN i ik
Nk H R RS )Y R 0.2~1.8 ms, T34 1.0 ms.

R1 EETEEANPR L. N &R B EEE
I BB TR FF 4R (8]
Tab.1 The peak and duration of induced over-voltage of
L&N line at the home-side on overhead transmission line

[Fleh/k L2kl WRIEE/V N 2R HURIG(E/V T/ms
1 2176.4 2291.1 1.25
2 11133 1140.6 0.95
3 1554.5 1630.8 1.50
4 1815.3 1870.9 1.80
5 1384.0 1440.7 1.50
6 692.0 7404 0.20
7 621.8 660.3 0.50
8 1504.4 1580.8 1.20
9 230.6 250.1 0.20
10 641.9 620.3 1.20
11 240.7 260.1 0.20
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Tab.2 The residual voltage duration at
collector front-side and the peak of induced over-voltage of
L line at the home-side and collector front-side

E]:J_[/w\' U]_] 1A% ULz/V Tr/].LS
1 2176.4 8723 277
2 1113.3 832.6 121
3 1554.5 8723 195
4 1815.3 882.2 263
5 1384.0 842.5 145/158
6 692.0 642.5 —
7 621.8 594.7 —
8 1504.4 872.3 151
9 230.6 218.1 —
10 641.9 614.6 —
11 240.7 228.0 —
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Tab.3 Data of lightning N080812 from
lightning location system

I %) I} [6)/ms FL/KA ZPEN°) 2 BE(°)
16:56:58 194.2780 -50.4 113.618614  23.655277
16:56:58 233.5863 -20.6 113.618614  23.655277
16:56:58 273.7686 -36.2 113.618614  23.655277
16:56:58 3329017 —44.2 113.618614  23.655277
16:56:58  4199.9710 -35.4 113.618614  23.655277
16:56:58  4714.9600 -85 113.618614  23.655277
16:56:58  5318.1280 -6.9 113.618614  23.655277
16:56:58 56352480 -37 113.618614  23.655277
16:56:58 7226.1950 -7.7 113.618614  23.655277
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Tab.4 The comparison of Rusck estimates and
the measured values of induced over-voltage on
transmission line

G)

[\l HR/KA Rusck T 45 RV MIHE/V
1 50.6 13104 2176.4
2 20.6 533.5 1113.3
3 36.2 937.5 15545
4 44.2 1144.7 1815.3
5 354 916.8 1384.0
6 8.5 220.1 692.0
7 6.9 178.7 621.8
8 37.0 958.2 1504.4
10 7.7 199.4 641.9
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Fig. 6 Linear fitting between the peak of induced
over-voltage and I/d at home-side
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