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Lightning Protection of Viaduct Ocs by the External Series Gap Arrester
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Abstract: Lightning current produces lightning overvoltage on the contact net, thus posing potential dangers
to the safe operation of the traction system. Due to the fact that the traditional metal oxide surge arrester (MOA) is
characterized with such flaws as poor impact resistance, low discharge efficiency and potential internal leakage current,
lightning arrester breakdown and catenary insulator flashover will occur when the overhead catenary is struck by
lightning. In view of this problem, by adopting external series gap arresters (ESGA) protection measures, the lightning
overvoltage of OCS can be limited by its gap discharge characteristics, thus ensuring the normal operation of OCS. The
grounding impulse impedance of viaduct traction system is equivalent by adopting grounding grid modeling method,
thus establishing the equivalent circuit of overhead section catenary system. Based on a comparison of the lightning trip
rate of two different types of arresters and catenary, the simulation results show that the gap arrester is characterized
with an improved protective discharge characteristics and lightning resistance characteristics, as well as a lower
lightning trip rate.
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Fig. 1 Schematic diagram of viaduct traction system structure
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Table | Main parameters of each wire of the traction system

ST o iﬁtﬂ}f?ﬂi/ TR /
(Q-km™) mm
Bk C CHMT150 0.193 5.57
KNEJ GJ-100 1.450 7.00
LR UIC60 0.295 12.20
frimzk pw LGJ-120 0.286 7.00
iRk F 2 x LGJ-185 0.082 9.51
TrEMZE G TJ-95 0.250 12.40
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Fig. 5 Electrical model of overhead contact system in

viaduct section
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Table 2 Traction network impedance parameters

in viaduct section 107" Qkm™

B T, F, PW, R,

T,  1346+4.682 0.547+1.902 0.534+2.326  0.532+1.843
F,  0.547+1.902 1.431+j5.879 0.545+j2.138 0.535+j1.421
PW, 0.534+2.326 0.545+j2.138 3.514+j6.081  0.528+j1.625
R, 0.53241.843  0.535+j1.421 0.528+1.625 1.274+j4.527
T,  0.545+1.871 0.576+1.512 0.562+j1.526 0.565+1.672
F,  0.528+1.617 0.5514j1.498 0.543+j1.423 0.518+1.429
PW, 0.53141.605 0.562+j1.417 0.535+1.401 0.569+j1.518
R, 0.533+1.641 0.545+j1.386 0.539+1.459  0.565+j1.972

R3 BENRERESIMSHRESH

Table 3 Distributed capacitance parameters of traction

network in viaduct section nFkm™
ZH T, F, PW, R,
T, 3.410 -1.730 -2.130 -1.930
F, -1.730 3.120 -1.608 —-0.382
PwW, -2.130 -1.608 2.920 -0.697
R, -1.930 -0.382 -0.697 6.970
T, -2.040 -0.613 -0.578 -1.120
F, -0.635 -0.572 -0.241 -0.217
PW, -0.513 -0.241 -0.176 -0.246
R, -1.120 -0.217 -0.246 -2.813
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Table 4 Various parameters of the viaduct structure
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Fig. 9 Direct lightning calculation model
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Table 5 Main electrical parameters of ESGA

IS I B A
& RGP R KV 35
SVU % HU Ik /kV 42
SVU FRFRHCHL HLIRE /KA 5
20 ps/350 ps FCHL I MR A2 B /KA 100
AR L LR RV 70
IAFRICH FERE /(em-kV™) 3.1
EREAIBREE ) /mm 2205
T R L kY < 525
2 ms Jy P i A7 HUE /KA 400
SVU Hiii 1 mA ZH%HE kV <30
T AR RV <30
Bl ohh B AR R KV <50

3.2 ESGA &M A R R E &7k

2B il 7 R, MOA PN IRt LR 5
JUEE, A AT RERE L SE IR, T ESGA fETECHL
(B, el i AN AR 42 i Do 1 T AR AS AR 2 T A0
JE, At ESGA ASAE7E R T8 i FEAE F AR -2 1k 1)
fi) {51 B, 3 3k Matlab - £ 37 155 A7 X B i 90 38
ZEGEOITERM, X ESGA Fl MOA i f
PO BRI . e eb O L B AnA 11,

s LR

soka - ())

[] ezt
20 ps/350 ps

Bl R ERR
Fig. 11 Lightning impact simulation circuit
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Fig. 12 Lightning impulse discharge characteristic curves
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Table 6 Four configuration schemes for

installing lightning arresters
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Table 7 Lightning resistance level of OCS under four
configuration schemes

UES FEL  HR2  HFE3  HE4
T I A i K kA 97.8 148.0 102.4 85.3
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A (21) WAL R LIS, ESGA RHLIE &k
50 m F 75 o5 Bk %k 1.25 ¥R /(100 kmea), i MOA
BB kI 2y 3.84 Y /(100 km-a), 75 7 Bk il S %
KT 67.45%. REFCHE B A, T il bk i) bt = 384 i
SEBRR FH, AR 24 o KO e A T A
PR, TR G R e 0 B Bk R L3R 8, MOA FiI
ESGA ki A b i 2 anf&l 15 iR .
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Table 8 Lightning trip rate of different configuration distances

R /(100 km-a)

Fl'EIEE /m  MOA  ESGA | BiEEEE /m  MOA  ESGA
50 3.84 1.25 300 6.92 3.62
100 4.52 1.61 350 7.58 4.07
150 5.13 2.03 400 8.17 453
200 5.76 2.54 450 9.07 5.10
250 6.31 3.05 500 9.89 5.52
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Fig. 15 Change curves of MOA and ESGA lightning trip rate
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