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Abstract

On the power supply side, the disturbance caused by lightning tripping and wire breakage in-
creases with the expansion of power system. Moreover, the increase of capacity leads to the in-
crease of short-circuit current, the difficulty of arc-extinguishing of circuit breaker, and the distor-
tion of transformer winding caused by large electric force. On the power demand side, the impor-
tant loads such as petrochemical industry, high-speed railway, aerospace, smelting, high-precision
machining and so on have increased. A large number of loads, such as computers, electronic con-
trol systems and motor groups, have replaced the simple loads of lighting, etc. The requirements
of system security for lightning protection technology reach the high standard that lightning strike
tripping and wire breakage are not allowed. Both the power supply side and the demand side have
very high requirements for lightning protection of transmission lines, but the lightning accident
rate remains high. This situation poses a great threat to the reliability and safety of the power
network, so it is urgent to solve this problem. In this objective reality, the gas active interrupter
pinciple is put forward. From two latitudes of lightning overvoltage and power frequency over-
current, the effective control of lightning accident rate caused by large probability and multiple
lightning strike is realized.
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1. RSB EIMR

A E PR K ZE 512 “CIGRE” T 2013 “ERSCH TR B, 80% ML 74 ik FE A 2 H 1%, Xh
INZEIEH & H 3~5 Wl AR, “FRmBERaA 60 ms. fEZEFHLMET, 8 “IHER” “HS
A7 B R R O R R, DAL B R G i TR A Al o A B A TR R A B B Ak 1] [2] [3]

#% CIGRE A3, HA% 12 EMEIGH, Rl 40%~60%. FEZHMSETH 2010~2015 44
PR, 330 kV DL EAR i Ak, EE Tk o Bk U 1) 39.4%~50.8%, XFT+500 kV KDL E
Bk, WY 43.5%~64.3%. XS THEEEUO],  F T AT e e 2k I A 2 B PR . i Lk
RN A HRSGEE, —EREEX S, BHIE R 5 5 i B BB 3 A R I8 S )
SRR, X5 2 E RSP SR A IR OCHE[4] [5][6].

DUAR B T 2 AT 55 AT LS 5 0 A B bl v, BHBS TAI gt . DR K 5 4 B 2 5 FR R T
IEIE, SCRVIM TASRM G, TSR EFSS, XA R fEbr A m R, X
Bih de A St 2 2tk s i VRS PR 7] AR R A AL S BRANBOR AR EBRRG, A4S 2 i B Bl 7
PURAT SR, TEARNE. 2 AR, SE, FEERICHLLUTR LA

L1. SRR ITERRE LR

1.1.1. FEFHSI LB EEE
Huaroe T2 EES, EWNIMIEA IR E . K CFEZH SR BRI 5k, 456
T HIZHAM, 87T 27 IRE RGNS -0 35 R R FERIARRE . 45 3R 29 30% (8/27) st [N B
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Figure 1. Multi-lightning measured waveform
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Figure 2. The waveform of multiple lightning strikes given in GB/T 21714.1-2008 Lightning Protection
E 2. (GB/T21714.1-2008 FHERGIF) HHEIS EFHHIK

AR B A B R M Ed SR B, ZEE AN EEEHMEZREE. RS
— 3% b A % B 22 A B D ke HL T AR ki TRT RS — MR LE 30 ms DA _E, S ik R B TE 2~20 IR BL L.
Z R Eld R FRE R — O, —RE ks T 2 AR BB, ANk [ ] AR
7E 50~1000 ps 724581 [9] [10].

RESLIOHIRIEN, 2 85H MU R GE HEREARE LR BN, XM & &
AR AR . FEE AN, BAE BN 90 AN, AT 500 R E A i TR SR(MOA)E 2 B 5 i T iy
PEBEATHIFE . 1992 4, Sargent 55— KT MOA Tif 52 2 h0 s v i A R5e, %k Heh B R AT 9028 70 i
[8]. BJ5, Darveniza M J/a#T T 2 RAHSCEZEG[9] [10], 3% PSRN, FEAESCHR[ 1142 H, MOA
122 B o SR N T RE R RN, BRI N IR Ak 5 A TB] R AR T 48 T F . 2017 44 [E] 1) Maik Koch
RIN, %o BT o Kk R A ] RS2 K IR (A B K T B 60% A [12] [13].

mMER, EFs (GB 11032-2010 A2 JCAIBE & J@ Sk 48 ) H BA W k2 JEdhmpiy, (A
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FRORLE P8 T S b o LN (D TRTRR A 50~60 s/4K, T SEFRTR dr il LB RO T2 2 )L, S EukiF sy K
MRS, XM H AR SR SR R E R R R 2 —. 2 E T d RN 0 T 7 B 5 e feiE
SRR B AR AT

1) EEAL AR T W7 i b ML TGP e P2 A ri AR ) vl e

2 B TR T TR A3 S A W T AL AL, Sk BRI AR T, A T 2 IR Iml e ik Bl 2 R
(] P B P A S G SCR[S R IR K — 7K 500 KV 2R B & 1) SR WS i, 5 DAL Ay 78 7 386 485 W 38 26 45 1)
ZNMER) 811 ms R, KAEZIE 8 IRIITEH IRy, I BRI & (HI B 2 il o RN, A iloEis e K,
LB AT S (U R i), LA T SR, STRR[ 6] (9 — 1K 220 kV TR S R S, 26
BEAE 156 ms WIEAZ 2 TR, SRS LS, WiBkas WEHUR . IRIEAT IR M, £EWT B 28 40 2> i)
B IELE SR IR RPIRZS I, B 2Bt P G S2 T o, AR DAL T BB R AR U 8N, oo o e 398 Bw]
IBJEORE 2 A, SBOL HE AT I BB SRR, W F RIS gt o IUEVA K K B R

2) )@ AL 2R (MOA) IR BRI il ML AE 22 B EE A IR 3 Bk ™ Bk bR, Ll el JLAE %
o T AT A

&R AR A A ZnO S R A AL I AR LIRS, SBURT B BRI, (HAR 2R
FLPHRFE TE T 58 A FE MOA HUMRFYE . SCHR[ 14136 <82 S AR A8 PRI T 25T e P KRR PE I 7E R B, %K
AN MOA sl SHF IS A5 X T ob oy IR BEREAR K, Al [AAR/NIE B0, 5 I VAR A A T
LA 2 e G T 8 TR A A B AE IR, RV AN o

% H T ol 5 S T ol R A A B R L R TR AL/, (ELRRR TR R BERE AN i VTR T K
9%, HIN AR L. W RO 380 2 EE T 26 1F T, MOA Joik S i 7 AR R PR b T R
AL PH i, RIS BT, B 25, R0 MOA TERE.

7i4h, EAR (GB 11032-2010 A2 ola] )@ A i & a8 ), BAWkZEH GNP, WE
MOA )i 52 p ity L E FE DY 50~60 s/, T SEPn i th B OL T BE NI KT 70 2 JL, MOA B2 B 1)
RFER:, SFECETESAERE. Nl IS XM E N F AT SR SR AE, kR R
EATIEZERRZ .

3) DL IR B E B R AT BB SE 2 R /N TR KT (8 F AR 2 IR el i 2R i
RGN, K S Ed 8 n R R AR, BB B A T AT E AL

4) W HRINEER TR R RICIL RN, 48 251 99 i FF) PR 22 T3P I 0 AT REAE 20 7 oy ol A B e 4
o
5) TR T AR EE g, T A BR IS, 2 EE TR T E A AR, IR TR ER R
SRR EAE D AN 2 AT REE -

1.1.2. 75115 e PR 3R 8 X I 5 Bk )

ARAE SCHR[ 1515007, T o 7K P 52 4 b v BEL B B2 e K (e 1), Bt B BE R 4 i B /K7, B AIG
STk I 26 1) B A R T v

Bk F BE(E 52 T3 BE 2 . MO SR BRI AR S m . H T AA7E 10 S R 7 2UF 2
M S5, § R R, A R BE R RS R B R, R e S Ui AR 4 e % 7 b 5
SRR RN, HAEE AN, EUE. XS R RX, Bt s R R, 4
WL 1t 300 5 328 A R Ao P PELCS B BE T bvtE, 5 B 3R KPS B A

SO0, ERMERMZ BEHEGRMET, A% T RHBOLCIZ R R R NAEH T, kit &
K5 SN 0 U R R BRIUTE s LI R B R M X, ek i S i 2 R
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Table 1. Proportion of lightning resistance level of different voltage levels under different soil resistivity

% 1. TR ESRAETFl LM THEAT bt

TIEAHFAZE p (Qm) <100 100~500 500~1000 1000~2000 >2000
Bz th L PR E(Q) 10 15 20 25 30
110 kV i & 7K (kA) 70 46 35 28 23.3
(5HE 70 kA HAH) 100% 65.70% 50% 40% 33.30%

220 kV fiif & /KT (kA) 120 80 60 48 40
(5IHE 90 kA FU1H) 133% 88.90% 66.70% 53.30% 44.40%
500 kV i 8 /KT (kA) 220 146.7 110 88 73.3
(5 &THE 150 kA Hh{E) 146.70% 97.80% 73.30% 58.70% 48.90%

1.1.3. IRAEEPREERAS L

110 kV DA FZm i R R R G0, F 8 75 BSOS . X . MR i Fh 2 it ik 1l (1
ATREBL TR M FHLIX, AR AR SR, 1l XK U2 b X 28 6 ok i) =R b~ L X 2 % o A5 20 A
AN XL TR B LA, JFH, S ok i ) i F R 7 . A RREEN], RE 110~220 kV Hi
g ET R, 255 50%0L b . . INEE 735~765 kV RS AT HAR R W, B R LR aeh Bk
FEEFERH[16] [17].

HRAE 7 At ek (1) HLS LT AR 2B (Electric Geometry Model, EGM)H B &5 o i I AT R [ 18] [19], FEBRZS
AT, il NS SGEH A, SelIRTEEE N, Seh MR R TR, DEXENE
FEHATE N, Lo nlRER ARGy, M ARF BN R, RAESE R R, X 55hra T
VEWDEr o JEHE RIS 28 B AS BE rh S o I B AR, bR Wl B R AR Seili . MiEe Bt R SL Rk
B TR LR b P FEA A BE T FFEE B (TR S T R T USRS RO B, A5 R RE VA T R (Y ) R R 1K
5 SEBRIG A BORZERE20] [21].

FEE, TR R gy, TR LR 2 B it S S [ Ok ) 7S S FR ST T /N LR DT TR, )
Wt 9 s EEL AR B K SR T A B 40 7 vk v B R G S PR 4 IO OB R, T 2088 T BB, R
U RBLIRKT -1, SEHG AN TR, B KR K RIS T E. B2 fEE SR,
ZUEAE KA, TRTBE o 25 3¢ ek 1) J A A R R I (n B 3 o)

O R TR
. @RI S i A

e 2y

Figure 3. Probabilistic intention of central surround strike of grand canyon spacing
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1.2. BHEERAOFEREEX

1.2.1. FEERETREBRNN 5| AT ERFRENED

WA GA T2 AN 7, e GRd R R B b o FEUR S R A ELAE 45 . A SCERXS 110 kV & BLE
RS FHGIEAT TG b, IRHBETERRSR SRR, SUURRFEMBINE S, b 55.6%, Hyik
B RN LA E BRI, o5 38.5% [22]. FUILR9RE R LB 0 51 R AR AR e AR B -

BB ARG, AR A G N RS BT B RE ) b, A ROR R VP R R E . AR
IEC60076-5:2006 1 GB 1094.5-2008, 1% f K Fo Vi HL It (I8 3 DOA A E 1847 IRt i K £, iRYEE s
HBRE AN, oy R4 K BUE A 1.15~2.69.

BAESEhRisiTH, iR RARENIAWY K, B RBERKEEREIN T, Wil & 3R54 N
{1405 8% PRI B R P LA B B AU 32 47 I H ALY 10~20 £, R 40 kAL MR¥EZeHs e, R4l
ARG G RIE . 7R IR AR L FEE AR, Zedl B RS L8 2 U E 5 15
MR HLB /7, AT REAE SR 2618 IS AR . dfsd, URMEIE . FHEEFEMAR[23]. HHIEZ BT
TERT, MENISRE = EfES), B IRIMZn, B ZU RE Sk ™ EA A R 2SR, R dasg, ™
N AT eI AL AR IE[24] [25] [26] [27].

17 _FLFEL ) 5 2l 28 A i) T ROAR R A 3y, AR Rk ) ) A H sl (R 5o, 0 3R R R M e A P B
NG o T E AT AR A B AS JV, JC I A SR R AR R A Y e AR T 1 S PR L, SR
IR T “HRBIT” RS, BRI W 22 41817 B N 4 A 5 FiR).

Figure 4. Transformer winding deformation

4. TERGATH

Figure 5. Transformer winding deformation leads to insulation breakdown and burnout
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1.2.2. Y67 T 87 e ST % 2 456 fh = B

o T T 8 PR AE R G R TS P R O OO R . 4RI A2 TR o, H R B R, R
Bkl BTk AR sV, filSkIFWr, UIWTREER AR . EAME, fdsk ARG kLE T Wi A TE DI el
Al s e g, fE sk bR AR AR A I EE IR ATA $) 20,000~30,000 K, SRR B 1)
SNt Sk 2R L — A 5000~6000 Ko SR 17 W7 256 25 32 FERA L A9 HR RN, it S 4 a8 (105 eSO RM338 020 33l 1358
K 5 2840 K, 48K 50 A0 908 3680 K 5 5928 K [28]. Pt T AR F g Te ik K ) REK, it
SLAE R BVE R T AR, FERLE B IR EE 28R 0%, AT ek a8k 0B )k .
SUE(EL 6), NIRRT HIG AN ST RE, 84 fil Sk BE 25 Gy R gIUBCHL . 22 4R (1) 4 T i A B T 1) P
IHFEEIRIE UL bk W B 24 P 5 Wi R I A A A Sk A R (] 7), 44T 51 R TG D) i i o i L AR,
Wrig 234620, EA WA KDI[29] [30] [31] [32].

Figure 6. There are burrs and cracks on the contact surface of circuit breaker

B 6. Btk REHIMER . R

Figure 7. The contact is severely ablated

& 7. fRSkFE LR

FiAh, AL EELRIEMFAET, —Jrm, AR R RS T AR, 5y U7 Ik
HL LS T R R 3 B FL TR 7RIz R T R AR (5], AT S BT i 4 R L IUE AR K . R BT
HAEE] .

1.2.3. BRESRENRGEERIFTE

HARGW DB D HVE2 B ESFIER o4l i = 2% ik . Wit iR fE o i 7
RGN P RBPRES I B 55— M ROIR S . AR PO R b S DU AR, Rk RE SRR REAE
SRS HUA P B T o DL FL B A SR A B etk DASSf Pl Tk bt B F s

HARGE R Bk, WS AT A W B VIR R B S R, Mt R A, B
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W RA LR L R IEAE ) 3~5 o SCUR ALY B BRI 2R 1 3 s A K KR R A R o e o T B 5 45
PEVIWT LT, A L T fe 4 DT W 2 T I T RE B2 O RO K S E R, el 1 R i AR, (L e
i 5N ™

1.2.4. BAFTRME LB+ 8UR

v [ B DRI FEBEAE 2011 SR AR (T FEL 0 B35 R g P 45 R AR A B ) [33] P 2 AN
FLR A S AR AT TR E T 2):

Table 2. Power loss questionnaire for important power users

=2 EERNAPERBRKAER

DR B 1 P 22 4B

75 il P EIER WEmk  EROASUE  F%Ek

PRI A AP ST ey I 17375 /(3 78/h)
1 WA 3.000 328.116 1000.0 10 1.25
2 ek 3.000 228.311 5000.0 10 1.30
3 A 8.000 7.284 400.0 10 1.30
4 Ak 1 10.000 456.621 5000.0 100 1.30
5 A Ak 2 5.000 15.000 600.0 10 0.30
6 Ak 3 8.000 79.909 1000.0 25 0.56
7 24l 5.000 2.000 20.0 2 0.12
8 L IESE) WAETNA 3.000 22.831 6000.0 50 1.20
9 THEHLAY 8.000 1141.553 500.0 10 2.50
10 LAl 1 4.000 10.866 0 0 2.50
11 LAl 2 50.000 22.928 35 5 0.40

W bR 2 R, RS HE B P B A R I TRLARLE 3 /N DAL, SR K IR A A 50 )
o KEEHI P eh, G 2O A TR A TS RGNS I RS, B ENURE. LRSI B
— Bkl s, BIE EZhE A WA RS 0.5 ms WIRE AL, THEHLE S, U 3 thif 2R K
WFIE], 2R 25 A 1A R R

7 L 45 RS R R BRI, AU BRI AR P 5l i B R BBk, 3B g 2 B4 10
W, REIIRZEFEREM NS 255 BT AR IR, KL E BT P R R E SR B
IBF) T A S e A b

125 ZEBRLEZHTRESASFHHTE

WIRTSCHTIR, TR RN, 2 EE & FRESME R, 3 MOA /73RN, 4kt
B g PR, k. RAASE, GROEEH SERE TR, RIUGIEAE K E R .

e E| MOA XFEUAERIER, 78 (GB 11032-2010 A L IH B & Jm AL e 5 2% ) MUE B, BT 2%
(it L FEARBR 9 50~60 /i, TS b il ol il IS BB B T-2r 2 JLe Foik, AOCHERTEH,
PN A2 A A R IR AR 2R T [30] . BEER SR B A, T2, KNP AME . gAY,
R FEEEMNESZE . Bk, E2EEZRMT, BRSSP RN, #ivE J i 8] Ny S
b, KPR RIS IA] P R AK 5 B08F B 28 51 P45 M1 0, B T BB T R AP T B W Rt , 5 30RO v
EFSESSE N 22
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2. SEERHRMBETE

SR EBKINGG T ik, B8 R E] B A At E AN KNI RE, I8 B[R i 7 i v A AT B
T A H O, AT b - A RCKIN - TP ZE " B RE A KRR B T, KR
BB B R KIS e, e SRl (] B A A AR S R, SEBAT RO, BR R T
L o

“PhiER S JE AN A AR IR SR 45 SEILTE AR S R, TR ol i R R
AL T FET W IFRRIE], R 2 T 0 R IR B A 2 AR RSV (2B L &, 3 R F IS AT IR T 5t
RLIIAY 7 0N o SIS 200 25 3 i 1) P e O RSP s, T R IO TE — ELE ST, e O IR T 28 50K 1,
M PR ) i HEL e L s

FE “HRBCKIN” BT, EH RSOV KIVTRRE B, U2 IR R, T sl s
MBI, 305 A K INEE B PREAE T o, i @ gl KIS A R0 I A 9 J3E 1R AN X
P, fEKORRE R A SCR SUR SCRIILSS,  SeBlAE IR (056 = L i rh W ol R, A
KNI T bR LA R -

“THRHZE” A - P KT A 8] B R 9GS AR A S Al b, BRI 2R H AR AE R
Pie RN IR),  H TR FE IR R, TR ORI RE T MGEE R 58 T (RN 5 P2 s o) 000 P I R
BN, A BRER B T AORERE, S8 3 PH T T4 e IR ) AR ) H A (] 8).

115 EE 5 s B LSRR B e S s b e e |
UlkV : : :

: : : U 5 FL R
10 : : ; (R R B - -

0 0.002 0.004 0.006 0.008 ¢/50.01

Figure 8. Schematic diagram of comparison between medium recovery speed and capacitor charging speed

E 8. MNRREERESEAREREX L REE

MR KN R XIIAE, AT B KNG & IHERTA A R AT Shae AR AR IR &
[ 5T P e M 4 A R I 7 ] B

2.1. EHRSEERIRINFGEER

] AH A = 3 KR 8 TR R A2 — M A Re N KRB B e B, I8 H H i S A K N Re & AR e 7= AR
SRR IRREE . & T 110 kV DL BRI BR&R, ZRoRaunE 9 .

WIRE 10 FioR, W& BRSNS AR A BRI RE SR IE IR B, 45 Bk i 2 8 27 Wi, =K
FRpA et o @Ik, B FEEReE, REIAZ T Wil k. Bk s RS, TR TR K
MENEREI (20 5 ps), [FIP AR CK NG & B IE, 7 A ol a e SRR T F I CR IR RE S A AE I R] 2
N 90 ps), PUHBEHETSTN, KEMBRAZERE, RERIURER K, §i . B E.
FEK o HLHIEK I (8] (2928 0.3~0.4 ms)ize /N T4k L ERA ZNERT A (— KT 10 ms), RIGEETELK L ORY 3
EZRIRE K, TH B TAGS HLIR[34] [35] [36] [37].
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Figure 9. Basic structure of solid phase gas arc extinguishing and lightning protection gap device

E 9. ERSEKIN R R E R ALK

o i kot BB
I
|
i ! SRR S
! : TS RAE A I
o HYLR R
| |
-
| 50kA
50KAH -\ ——F-————————————=- 1
| |
i | | 20kA
I ! —T T T T T T T T T
I | - | 10kA |
\' l - -~ // - JI- ___________ :
1kA i+ —— —— : |
/ /90us\ 10ps 50ms i} ]
IR ERREE  SEER E R T B e
BHE=Sus @I  HIEK FE AN [A]=10ms

Figure 10. Schematic diagram of principle of active arc extinguishing and lightning protection gap for solid gas

E 10. EESEEHRIMPEERREREE

FEZEH LR, iy i R 7 (8] B 5 7 i RE R . KONRE AL 2 R B b il @ U A v
W2 MR, DRAIE (8] B A BT 8 P Fp S AE T AR RN 1) AR MR ST 8 TR R 350 S I A6
B, PRAUELERT 8] (R FR A bt I AR b, KRB AL 2 i, M B 0 A R i R 5 B T 2L
YER T2 A~ a2yl R (AR L IR I [R] 2908 10 ms, UM KHINRE & ROFLER (829 50 ms), 84 KINEE
iR

2.2. ERSEERIRINFEIER

FEGRS AR KN B TR A2 —Ff E Ae X0 K & R, Jdid ok [ B fe i SRR S5 0, o8 sl
AN RALERE, TERRABIRE RN, R, EHT 35 kV BN RS IEC N A ik i
W, HedoRBmEmE 12 Fis.

Vet BRI ST 2 R A K RGN TE , 415 HERR Bk 2 (] HE 21 5 2 5 B2 T 1l K BIGE 3 25
¥, ARSI G FEd AR T T I R R . MR BTSSR KRR A2 MR
Wi, i SE ST AN VR SR B R 4, TR RUR IEE R, SRR BT N . IR AR
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I S TR S SN TAFE R T BA L, R 4R B AR R A7 B 770 B AR R A R A5 15 e oI )= 2E 1 IR
THERNE,  FRASNE v AR E 5T, AHAT AN mE 11 A ) rEIO e, (43 FsIUES 47 il 7 s RE S 1k,
K13, E 14 foR. @i 2 ARG KIRANE S50 EECS, TERRE A HRRE R A, 3 BIE R A
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Figure 11. Schematic diagram of multiple lightning strike protection
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Figure 12. Schematic diagram of installation of compressed air arc extinguishing lightning protector
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Figure 13. The arc in that unit arc extinguish tubule is compressed
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Figure 14. The arc is bent by the air flow opposition of adjacent pipes
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Figure 15. Voltage waveform recorded by oscilloscope
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Figure 16. Ordinary camera shooting arc extinguishing the whole process
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Figure 17. Schematic diagram of arc extinguishing of compressed air current arc extinguishing lightning protector
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Table 3. Lightning detection information
F 3. FREENER

F5 I [7) % 5 HLTL(kA) DG
1 2016-06—11 01:27:21.6754 109.4389 21.4920 -235.1 1
2 2016-06—11 01:34:25.3498 109.4783 21.5523 -211.9 2
3 2016-06—11 01:47:45.4428 109.4873 21.5673 -210.9 0
4 2016—06-11 01:48:54.6026 109.5293 21.5148 -235.6 7
5 2016-06—11 01:52:56.3172 109.5390 21.5150 -363.0 1
6 2016-06—11 01:54:11.7047 109.4956 21.5603 —267.4 2
7 2016-06-11 01:55:31.0129 109.4256 21.5394 -212.1 3
8 2016-06—11 01:58:20.1942 109.4238 21.5430 2228 3
9 2016-06—11 02:35:00.1840 109.4660 21.5323 -215.7 8
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Table 4. Detailed table of multiple lightning strikes with five or more high intensity return strikes
F4. SRERE S ARULZEFRIER

s If 1] HREZ(KA) Il o R E
1 2017-07-03 22:46:18.4895 —115.3 8
2 2017-07-04 00:32:58.9358 —124.4 10
3 2017-07-22 22:19:38.8616 -171.4 12
4 2017-08-02 05:01:04.2958 —108.1 5
5 2017-08-03 21:26:53.4037 —103.9 5
6 2017-08-03 21:47:15.7864 —154.9 5
7 2017-08-03 22:16:11.9216 —123.2 5
8 2017-08-03 23:00:59.5436 —128.1 5
9 2017-08-24 03:58:27.6635 -178.3 6
10 2017-09-07 14:56:17.9477 —-137.0 5
11 2017-09-09 12:20:38.8939 -127.1 5
12 2017-09-09 12:24:00.8023 —1343 5
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Table 5. Comparison of arc extinguishing of solid-phase gas flow and lightning arrester valve plate
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Table 6. Comparison between compressed air arc extinguishing and tubular arrester
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