314 A2
2020 42 3 H

B R R
JOURNAL OF APPLIED METEOROLOGICAL SCIENCE

BRI 2 . ok L B0 L 25, WG K E S T 5 R A9 b s A 58 FH A SPD IR, R AR 4 %4, 2020,31(2) :236-246.
DOI. 10.11898/1001-7313. 20200210

95 1K % 28 R 5| & By 3 FR L 58 7 A0 SPD i3k

KXE? Boe? #H K BEFEY K
D (R A SR BFSEBT . 1 510080)

DO B KR SRR KR DS B L 200438)

o B2 5 B9 K TR A /R TSR L AL 10008D)

FRAR"" f

wm =

TE LT HL R GE 4 Ul L (52 46 T X e 7 B0 A REIR AN, — HLE AT DG i . T i 2 I LR
TFJR T 30 9 3t v 457 46 T1 ofr ol o0 97 4 37 2% (surge protective device, SPD) i LI B, A 20 B 1 ik 22 TN Hla 00 4 I e
S i AR SPD B i i AR SRR o 45 R S B fioh i DA HL A TS DA Y 0 0 I 3 6 W R R 4 T S e
[ 15 FH T AR 25 5 3 A0 38 O B 1 SPD R . Y i 46 SPD 1 i B BB 3k 31— o 2 B A ) 0 K 3 45 R 3 ot R
SRR SPD; ihvily SPD #4300 5500 AR I 3 22 v I AR A9 A ] ) TR 8 DDA 96 4 24 I 38 48 W L o R B T S
W (L 5 9 ) e 16 2 8L K nft (ICCP » imitial continuous current pulse) IS, i 28 SPD f E 1k 2 s 3 i, 2 4 3% 22 i i
AR SPD 535 Y foe g BN o AN a0 R B 0 A I T 5 v I i R A I (R 2 HL A i IR B 100 ms AN
200 A Ze Ay i B 25 CLiii4e SPD R BB =35 1000 J Z2 47 5 i PR AR A B U 20 kA E T =119 SPD #R .

Vol. 31, No. 2
March 2020

KB AN BRI S AL LR T SPD; IR

([l

5l

B AL A ol RE R AZ R ) AT O R
TREIREAFFE " SPD 1 FE 1 4 Fp £ ZiR 2 EHbx
1, T. Z% Bt 2~ (International Electrotechnical Com-
mission, IEC) W HEAT 1 140 b A . BR #5860 4b . B
H, o R v 7 46 T 5 RS A AR ) H T DR A
(surge protective device, SPD) W ¥t [ H, & 1 52 A
MR ER A . TIe R R 7 LR SPD, 72 H 52 Y
7 HL PR e E DA PR P o AR R A T R

Hb TR R AR R AE S Bk ik o 209 [0 o o R (R
DU ARLAR &y {FL 45 2 I (R AR L, &y IR S 3 % SPD 1Y
WK 22 ok Bk b 20 A1 [l J5 0 [l o (8] £ B 3% 22
H UL R Y R A i S R R AR R AN R B R 2
I TR) ARG o LA 5 2 0 22 A4 W (5 RH X 48 /0 1 FL 0 Bk
R M gy K S S I M Sy R R
i A SPD 5 F L AHHALH 5 [ d A

2019-10-08 Y& |, 2020-01-17 W F F e & .

SPD 7 e He 52 56 2 (400 350 2 7808 » 30 4F AR 4l T
PR R e UL 5 | R T A TR R A M O T
Z [ A BT TG v 5 A AN 1 48 SR I
LI AAE SE PR R GEAa AT i T IN i S B E
HL U S BT A SPD 5 RE A DG . N T fi K
HL S — AP AR G 1 ZE R 5T B X SPD 4t
RHLIEE T 1 2 i 22 PO SR e L (H
FI AR DA FL AN [ i A DA L AE T B 9 B2 e T ) 2
Zedi i . HWEEER ™, X %k SPD [ #E g J  A &
M 15 AN AE o g — T T NI fid A DN R ) ) B A
S B EAT N A — R BE A ST R
T BT DA R A L BBt 05 s A ORI A Ok B v e 5
PIAAL AT ATE—5E B 75 B 25 1F T A AT 80K ™ B AT
DAL R i R R S ) A DA R flh A 7 A AT A
FLUE L TR S BIF S il DA L R I ] B ) 0
e Xt SPD Y 52 W A IR BL i B A 2 X
DeCarlo 550 1 3¢ [ 6 & B 1% il 50 37 JF e & i
Jo RAEE RS IR G0 i i 5 Birk1 480 75 JT

O H ¢ [E A ST A SRR (2017YFCL501506) » [6 58 F 8R4 JE 4 T H (41775007) , [ TR B2 B 58 B ZE A BHIT L 55 3% % 351 (2018Z003)

* HEAR : 15035026@qq. com



&2 R 28 % 26+ ) 0 3 40 o 3 5 A 1) e P 46 4D SPD 45 3R 237
W AE LA IR R G AR P R e R s AL S0 At . 0 He b O 4000 1 R R B

ML B R SPD iy B4, {H iy T Bk = Bodin L R
AWAVNE . 2Tl 2 N a5, BT A ST A K
3t F 3 0 T IR 50 R B T e N
FUBLRE T LA AN SORE R T Ak % N R Lol TN
St 7 ] PSP AR Y S T R I A A M TR I 0 B
K S HL AL FE XS SPD Y S5 R S500

TN

ARG A) AL TN AR X R % s &
L P AN BL A S N T 5] B 5 3 T . 2018
AETT R Y #3748 T (ground potential rise, GPR)
phify SPD IR W& 1 Bf /R fish & DA B R O VR A S 1R
R Ho M, #i X GPR HL Gl 3 SPD 1) 4% i 28 )
PEAHE b HL 25 H 45 K R 2 120 m, 7R i 4 L T
A L B 120 Q. H T3 M R 4 O o 2 b . GPR
ity SPD J5 T A FR U - 125 3t 26 H 3T H R 2R AR 2k R
i, Hol 94 150 Hz~150 MHz, SPD i sy 5% H il

PN 300 pF .4 % 0~300 MHz, 4 i £k H it A0
B RO 0 6 L A 4 B HBM 5 R B B8 R 48 R
BEFNCSR CRAERN 10 MS/s, 5| JAT L M By 7K P
22 1 A 0 A 7 A [ 2 B 1 )RR AR A 10 m X
10 m, 43 4 NP (5 mX5 m), i LA 40 mm X
4 mm (R8BI B9 % 1 YR 0.8 m, TE B 4% M IR
%4 40 mm X 40 mm X 4 mm, & 2.5 m 0955 5
W BEFR 5 om 34 5] 43 A T b B9 % R 0 A5 i 1) Y
TAR e B Ry 15. 8 Q. B b e 45 0 3k 125 Ol —
SRR AL AR TR [A] b 3R 5 AT b AR
fik & TR H H 8 808 e 5 | A T [ il 0 i e AT R
A HERFE 98 0~20 MHz, Z 5 i@t HBM & 48
RAEFHE S, HORFER N 100 MS/s, SPD ARFkik H
L (LA 20 kA FI 40 KA WG Fr, X 1 5 K L H
W(T) 40 kKA F1 80 kA, HL FE i #7 7k F (U,)
1750 V. H il mA & 09 K88 K K228 600 V,
SCHARAE MOV 11 He B0, 40 T 3% 1 1) 4 282 15 [

B D
T h
| |
| |
| - || Wt T |
i PIE et etk et |
: i
[ A 1

AT ik
|
wiE | gordE || o :
(SPD) : 235 218 STt 218 :
! |
e |
FEHbLR LRI
.
i,
o
tea
A
B 1 #R GPR iy SPD 208 ik 56 A & 7 3 &
Fig.1 The schematic diagram of GPR’s impact on SPD effect

2 WL &E

2.1 BWMBHEFR
2018 AF Ak Sb A 9 S R B 27 Wik

RN, o 4 A E 2R ot R S A Ak B SPD
RABIR, B4 6 A 26 H.,7 H2 H.7H 25
HFI7 H 26 H, 6 H 26 H,fih&®Ih 1 &.icHh
T0626, fh T fil & [ (B0 15 B I =0 » b2k 7 20 3% 3] fipk
JR DR FEL 3 TG R U A SO K 3 8 LI 1 ik R TA



238 VA

%31 %

H kAR L % 4 H K Gk 480 ms. HH I R
2 kA BFFEERt 2 1.3 ms, 7 A 2 Hfim & K3 3
WLH 1 ad # SPD B 43K, i i To702, 7 H
25 HFM 7 J1 26 H¥EHA 1K il & TN A2, 43 3
itk T0725 Fl TO726, 31X 3 Wik #2 ¥y i 41 46 K &
S FL N 2 5 1 Il o B, e T0702 A 1 4k )5
[, T0725 F1 TO726 &4 4 W4k j5 . &40
RIL,T0725 7255 1 Wl i # v SPD 3B g &
LAY 3 Wk Il 38 7E ) 06 K i 2 g AR b B
Ei287

fink 2 DA HEL B By A T RS R AL 0 O CGIE
OB1 Il & 2 40 A1 1 ) o 47 36 T+ S SPD H 3 )+
Gk OB2 Wl & & 40) & W A A [ iy il & R 45,
T0725 BT )G » 1 F 4% B 19 fih & B % & A\, OB2
Xof I 1 0 B K A 2 IR B W U T 4 oK B T o F
T0726 fil & D) 5 55 4 el s (9 F 3 o oK (G i

2.5

30 kA BF AN UL Y HL 7 2R Gt B 1A] 9 e . OB ) &
ficpE, OB2 Wi &l T R 40 R A T bR 25 48 Ik 2, B8
D 1E 5, Rl A I 3] T i OBl £ 3 BNC 2643
FERE RS 4 Wk Ial o Z A Y 38 T8 IS AR L i A s . R
Al UL B B e R B S T0702, 7R TR B S AT .
7340, T0726 1 ## SPD [ bR FR 5 FEL UL 40 kA, H:
A 3 ML SPD SRR HL A 20 KA,
2.2 T0702 i 458

P filt & TN PR G JEJEC BB R U UL I &5 R AT
TO702 filt 2 [N L 4] 4 A< 3% 2 L U - S B R) 304 .
433.8 ms (U 2 Af 78 ) . 30 18] f5c K B 06 i B T K
718.5 A, B HIAE 36.5 ms I —IRK M 2t i, #&
MR Ry 146, 1 A Rl 63,4 C,
WG K ES R R Z A 1w bl f, e
R 19.1 kA,

TO702Y fih %% IR L BP0 T A b I J5 5 i DR (1) F

2.0

1.5

1.0

B /KA

—0.5 1 1 1

Mip gL T R (LCC)

—100 0 100 200

300 400 500 600 700
it i) /ms

[ 2 T0702 /i 72 fih IR v, 368 3 JYG 940 PR 9
Fig.2 Small range triggered lightning channel bottom current of T0702

fLBEEF6 TE . BT SPD $E 28 5 #b W AH 3% . GPR 13
JE R ok wpity SPD JE BB 5% 1, SPD & 2| - 37 )5
Ui i A FIVE T A R BRI SR R N 8] 3a s . H 5%
J 0 ik 2 TR F, H O I8 it £ AT R B R TR A TN HL
Uit B Bl - SPD 1Y 5% s 78 3 > ) 45 K 3% 2 i Ui A
P S . 2 GPR MR BN, SPD % A 3l
YRt g A 5% s s SPD AR 1§ &L F » oh ifi A [
A % R 1 2R BUOE 2 A7 X, 4 18] 3b A s F O R
BB B, R AR R 35 K . LA SPD R
FE 600 V bR HE ., 9] 4 7% 28 3 3 (initial continuous
current, ICO A H 3 R B B ok 5, Ho4r4e
Bt E) 43 51 8 1.9 ms,16. 5 ms 1 109. 1 ms, $35 821 [A]
KR 3 Bl BRI T —9. 9 ms, 455 99. 2 ms

(/2 SPD Hi 3R By B 20> . el & 3a BT %0, 3 (8] 3F- 3%
MR R 813.8 V. KHLE N 969. 0 V., Jj& SPD #1346
TN EE B

H T 1 A 4R T 28 b 9 3 28 SPD A% L, LR
(B AR Ak 55 ik 2 TA) P FEL A 114 728 A i AR AR — B, A
3b FIE 3¢ B, i 2 SPD B it e {5 458 K ) 2
BAEPI A B Be» ICC F - PR i {8 488 K Y i B A &
Jinde 1ICC Lk M 435 (& 3b). 43 #7 & B, SPD #2
b2 H UL B 5 3 A FL A Y B R A1 5 H I Y PR
B E TR AEAE W 006 R OC & L 3b AT L, M 43
A A — B I I R R Ao AR A A A 22 12
XF R SPD HL 3 AR /)N (Bl 30) . 1] BB S GPR nfiif;
SPD (1% 2: 8 H 4 i, i 722 1k 55 12 1] ke 20 v Y0 R G A



el WRER 73 46 W06 I T 25 v U 5 1 1) 3t v 452 46 TR SPD iR 239

RIS XL ETA SR B Y 3 Bir BL. it 4 SPD %
Hb 2% HL IR (R A 396. 5 AP 23,6 AL X
o7 9 BB figh 5 IR FL HL A 44 (1 (220, 4 AD i 10. 806, HL

ok 2,57 C. M2 SPD HLUE 50 A DL by H54E
I [A]3K 9. 2 ms, A7 Z AP FEAY 8 Pk 2L
SPDJk Ji i £k 75 99. 2 ms Hi B T W 2 X572

1.5
(a)
}— B 31 B
1.0
>
&
w 0.5F
=
0
—0.5 | | | | | | | | |
-50 0 50 100 150 200 250 300 350 400
it ] /ms
1.0
(b)
<  0.5(
2
N
ES
e
e M
=X 0
—0.5 | | | | | | | | |
—=50 0 50 100 150 200 250 300 350 400
it ] /ms
1.0
()
< 0.5
2
N
B
=
>
N 0
—0.5 | | | | | | | | |

—50 0 50 100

150 200 250 300 350 400
it ] /ms

&3 T0702 ]G K 7% £ f it % B 19 SPD 8% I (a) | fith /& IR FL F 3 (b)) Al
SPD HeHh £k v 3 (o) BB
Fig. 3 The waveform of SPD residual voltage(a) . triggered lightning current(b) and

current flowing through SPD(c) due to the initial long continuous current of T0702

SPD {45 7 B JE W 28 T (I 3a fif s ). MIE
SPD $5 37 H, HE U 55 19 X6 Eb A0 A 550 30 40 A 40 1 5 1t
Z| SPD L& iR, 5% R 2878 H B, firh & [N HE H A
B A 181. 3 AL 3 K T H B8R FE 40 4R B 20 5 Rz 14
FLRIEAE 69. 3 A, HRAEZ JG i fF 7 LA Z R K
P, AL (L %) 3 452 W 3 2ok S 50 W O B O R JE LA AR
FETE R i A SPD 3K , ) I % 22 L 3 U 1 [l i ik
FE.SPD & f g 1E. i — 2 3 B SPD 4 3K 55 52,
SPD SR . fish 2% [N E 00 4 K 3% 0 R 300 47 2 15 1) Ry
149. 2 ms, W] [E] 0 (B 3 0 718. 5 AL F3 LR

173.8 A, il s & 25.9 C, Mata 22U F F AT
fisk 2 DA B T 8 R R L o N R R R Ak I I &
B, Y] 5 K % Sk L R 22 [E] 35 100 ms S FH
Wik 100 A gL, 2 I b A A0 B Rk T A B
WIS, (H15 6 &, SPD I ak i 91 2 % )5 .
py b 465 TH 5 1S 1 H 900 B B AT YR VR AS T TR IS
JE RS0, SPD 5 0I5 9 9] 4R 7% 28 i U 30 B L A B
55 P HE 2 SPD, 5 1k [l R 4 SPD Ay
TRUE(E IR F] 4. 6 kKA, X Al GEJ& 1 T SPD % fb#¥ 1@
AN ER Y SR SE A B A s (R RE S 1L T



240 N

L:\‘

%

i %31 %

%L,

IOz S
2.3 T0726 W4 R

TO726 fih A& [N HE 2ok B ph K W) 4R 3% 22 L 9 D 4 IR
I8 7 20 1 W) K % 22 i A BT R AR R (A da)
T[] o 6 7 4 5 P AR AT . RT3 Uk [ o H
B2 11.7 kAL 21. 9 kA F1 28. 7 kKA 4b) , 55
A4 YR (] DA H H A U S OK HL 3 B OB ] i & 48

2

FESE . OB & 2 S0 i e 3 3808 18 i 8 2ol
FTRERIBIE. T0726 W) #4128 i 7 i 7 Fr 4
BFIE] A 183. 3 ms, W [a] fe KL I IEH o 1079, 2 A,
AR PR R 176.4 A, P RTH 432, 3 C,
5 T0702 AH tb . H R 22 5 [0) %5 &5, (5 05 {H B 3 A0
S 357 F U H R K L B K 3 S H I Ao R T R O AR
W

(a)
RS2 RS3
n RSI
>
]
N
&
&
0
ILCC
-1 | | | | |
—100 0 100 200 300 400
it ] /ms
2
(b)
< e
]
N
B
2
e
=
- 0
1 ! ! ! ! !
—100 0 100 200 300 400
it ] /ms

K4 To726 SPD 5k H I JE (a) F R 12 72 fih e IR P 308 3V ¥ P 3AE ()
Fig. 4 SPD residual voltage(a) and large range triggered lightning channel bottom current(b) of T0726

T0726 ) 4 4 1% 22 v, it 4ok 3 BOAR PR A FRL P,
A 40 kA WAL EE SPD IR . & A R 0% 15 2] 4 oy
B S R 9 742 g 6 N 1) IRF T R 29. 9 ms CHIA] Sa
FiR) . BB da W r] LLFE ), J5 0 1l # SPD
AHEEE. mE 5b i GPR L i & w1, 24 GPR
iKFN T SPD sl fEHL R J5 , SPD B B . 1 5% IR
FRAE, LA 600 V 2Ry 5k R B B2 46 Ao B UL BBk R 1) )
Z| S —48. 3 ms,

PEER o 2 BB 5B 1 B Bk Bk s Y B
ST IR B3R GPROE(E 7 — 1.3 kV, ZJ5 GPR
G TE IR T 1 WIEEBE 7.9 kV, ZJF X
A T 1E1 9 3 Ta] i AL Bt 2 G218 8 Ak FE —29. 4 ms /2
A8 N S BSR4 ) 4 % 252 H Vi JDk i (initial con-
tinuous current pulse, ICCP, I FHiF/NF 20 ps),

GPR i 358 48 (W L — 8. 3 kV) , SPD 5% &
VI 26 04 R X 7+ BB S Tk o AR Ak i TR
FECUNE 5a FE 5c fiR) . RAEZ IG5 E R 2 B
B, H % SPD i, [EAKEMNE RIERAEG, i
i SPD ) GPR L 78 22 18 & R 1 3 B o, 5% A
BRI BN — B2 B L TR K P X T RE S AL
PERLPH R A B R A . 55 1 B Bogk RS e ]
18,9 ms, M Ky 660. 1 V., IR L {7 36 FHHL R
BRAAGL SPD [ iR 5 /N &0 FF B AL
M1.8 AH 2 B BR IERESL A (] 29 59. 3 ms, F 3
fER 796.7 V., %4 SPD Wit 28 78 Jim ot il T g, 1
{Eik 392. 7 ALY 5L B R 5248 R %, 200 A DL |
FIFFLEF IR 3 1 ms Z247,50 A DL b B F5F 2 i [A]
K] 6.6 ms, FHIMHE 19.7 A, B RKTFE 1 B



el

W28 AR 4 W O

2 I 51 AR (1) M FL (82 36 TR SPD i IR 241

N R R =IO VA

By Bt file A& TN HEL AR R SF 3 (H
(294.0 ADI 6. 7% HLHEIk 1. 17 C, SPD i3RI,
B ES S ZEMABESWHEERES

SPD. HH & {H K T
1WA K E S A B 5 GPR i
SPDI 44> A L s i o 3% Fp & G W ) | e 7 ) R

%1 BB,

(a)
1 =
kv
-
)
N
H
& 0
-1 | | |
—-150 —100 -=50 50 100
I} il /ms
5
(b)
Z 0
N
H
=
v
[a ]y
S -5t
-10 L ! !
-150 -100 —50 50 100
fit ] /ms
1.0
()
< 0.5
)
N
B
g %’\
2
%) 0 i
0.5 ! ! !
-150 —-100 —50 50 100

K5 TO0726 ¥k K &
The waveform of SPD residual voltage(a) . GPR voltage(b) and current flowing

Fig. 5

it il /ms

& 25 L 6 I Y SPD 8% He () i H A3 36 T L (b) T SPD 32 1L 4% L 3 (o) BT

through SPD(¢) due to the initial long continuous current of T0726

% 1 %JJ ﬁé& J‘é gi UII.

1Z#2 5| & GPR i1 SPD gy (A &3¢

Table 1 Triggered lightning processes of GPR impulse to SPD caused by initial long continuous current processes
ik 252 IR HR, Il 7 Y B K e e SPD 451 55 i} 21 if ) SPD 3 B
; e S A A .
MR o 0 PG R AT 48 R O LKA
K S K K 480 ms.2 kA DL b L RS
T0626 i N " 20
ey B K 1.3 msC LA b R HOR)
T0702 IR/ Qb R FESES ] 433. 8 ms, LN 718.5 A, TR ] A 149. 2 ms.ﬁﬁﬂﬂipié]% 20
H19.1 kA PR 146.1 AP RITHL R 63,4 C WA 173.8 A R 25.
Tores VKB ECREd SREEMEDY 313. 6 ms, ME(HHLIDY 287.4 A, ) 6 14 52 P U B IR O 2
’ HLU N 26,1 kA S 106.8 AL A HLEE Ry 33.5 C 1l R
To726 4R Wl KMl FFZEET Ry 1833 ms, E{HEL Y 1079.2 A, FREERS ]S 110, 1 ms, P8 3 40

WG AR T 28.7 kA

YR 1764 AL PRI Ry 32.3 C

S 238.3 AR 26,2 C




242 A

%31 %

WAL | [0 o B DA fEL A G 0 5 AL 1) 16 O L
SPD ¢ I it % 2 i 40 4 i 2 Wi Y 2R R DL
To725 i3 #& OB1 il & & 4 filh K iF 18] 4 ) 5 S
i 2 o W0 46 3% 2 A I Y B . BRI R BB R
SPD 5 35 e A= A [a] o i 72

3 AEE I

3.1 W&ESPDHIEEE

UL B 45 SR AT LA 3, 4 9 3 A B0 BR % 25
WBIE A oy SPD #9200 Z 3R K. H 2 A4T5
AT H) PR 2R ME) SPD AL« bR T 400 46 R 30 94 W {1 L
JRCH L e A B DR AR b LA T A R AR AL

Ko R e R A A . R 1 A,
T0725 ¥4 L i B Be SPD % A5 #1368 . il RE 2 [ o
Uit R L BN H R O B IR R N B R T
T0702 By &, 1 T0702 Fi1 T0726 SPD i 3R
F 25 R Y H R 22 0 AN R (B A 3 K 20 kA
) SPD 3R . 5 & i A 40 kA Y SPD i 3K .tk 5
PEVE 02506 I T 4 SPD 1Y fE & 1 fih & IR L F
AR 2 4k

¥ SPD ¥ 3 (1 5% He A 26 SPD B 3 114 3¢ BU7E
W] AR AR N IR 4 SPD By BERE . £ 1 Ry 4 4
SR WG E S R B A T0702 #1 T0726 A LA
seRI A RE R . & 6 P SPD 5K ZHi0. 5 ms
I [] PN i 2 (R A I el N e R A 2k L B R

T0702
120} 1200
. ™ -
- N o wm s
100 |- - - <1000
1
80 ] 800
N ‘“‘*
#2060 —4600 &
B
401 400
20 0.5 msNEERE 500
- - = PR
-_— -
0 _L,__/\g/:‘ | [\ | | | | 0
—40 -20 0 20 40 60 80
fif il /ms
140 1400
T0726
120} 1200
100 — === T = 000
80 1800 m?ﬁ
_
> 2
09 ‘.E)Ié
= 60| 1600 =k
401 - 400
201 0.5 ms NFER: 200
- - = R
! - m wm = = = & | !
0 - 0
—80 —60 —40 -20 0 20

I iR /ms
B 6 T0702 1 TO726 4 SPD 0.5 ms fi & {E A 35 58 5 BB £

Fig. 6 The energy accumulated in 0. 5 ms and time domain of current flowing through

SPD during T0702 and T0726



el WRER 73 46 W06 I T 25 v U 5 1 1) 3t v 452 46 TR SPD iR 243
fihy £ A) L BE SR AR AR A X AL B TR B B AR T0702 fx RAE N 71.0 ], HAERER T ETHB Bl 3
T Ja B B Be g e RV LA G2 18 . IX = IR 4 SPD HY TEZIRG .M T0726 5 FEX I 0.5 ms BE 4 19 &

U 4 2 2 B M 32 B U F VR R (B R R
1A . f i o AT R BB STk A 2B BLE
JE )R 1 2 AL I AR TP b T R O DR HL A O R
EHHBRHY B Be s Ok AN B 3 B X 02 3% R SPD
e BRI 1. T0702 1 F27E SPD #IR i) . fig
7 Z2PLGLF] 1169.9 J,T0726 Wk 1037.5 ], 5 & &

BRI E /D fHE B 40 kA SPD 838, X Al

KAE S 143. 1 ] fEfg & £ B I By B2 bk o R4k
W& vl T0726 72, vhidi SPD ) 58 & B Pk |
KhEN LT T0702 AHXTHGE A,
3.2 EANMNBMBE

TO725 T i % 189 1B 15 5 i » 00 8 R 46 K B
S8 REC SR W) A % 22 L U ) R I B L O & SPD
M) BE T 0 TG T H 58 o H AT DL finh & TN FEL HR R ) 40 AT

AEJE ok Ja & vh i A BE i LT E AR L AT AR, B R AS [) T2 1 oo 200 o DT 00 R F R
JG P 1 TE 2 1000 T (202 8 ms MRTH M kA SPD 3R TO702 FABIIR I T0725 47 %)
14 ms 2247, M 0.5 ms RE & R AT UL, Fb A o i B 70T 1, TO702 24 N B B g R AR #)25. 1 C
0.33 T0702 0.5 ms NHLE 3
- - = PR
0.30 |- 130

H/C

R/ C

0
—40 -20 20 40 60 80
[} ] /ms
0.40 40
T0725 0.5 ms PN HL &
- - = R
0.35 | -35
- -
-
0.30 |- - 430
-
-
-

0.25 - 25
g 9
Q g i
15 0.20 F s’ 420 2
B s’ =S
o’ Bk

0.15 Ve 15

’
0.10 | -10
V4
0.05 P -5
”
b
0 - | | | | | I 0
=300 -250 —200 -150 —-100 -50 0
it a] /ms
& 7 T0702 F1 T0725 fil & N HE 0.5 ms B, 0 A 8 A i B 2%

Fig. 7 The quantity in 0.5 ms and ti
triggered lightning curr

me domain quantity accumulation curves of
ent during T0702 and T0725



244 B K

%31 %

B, SPD #5341 T0725 Hy it B E] 33. 5 C 3Lt
WX AT WL TO725 #4372 g i R AR AR
H B B A B ) He T0702 KL BT % 4 313. 6 ms,
MG # K 109. 1 ms. 545,0.5 ms P4 L i B
ZERN R, T0702 3 FEFE 0. 1 C LKL UA b B FE 2L [A]
B, & KAE AT ik 0. 28 C. i T0725 W /NR £,
0.1 C &Ll B SR e KMEAUHO. 14 C, ik R W
T0725 i BN 4L, Xt F 30 4 SPD Y BE it
AHXT 23 85, B 2% 5 P 5 o iy SPD 58 4 K [\ Y &5
R

4 ghig e

28 3o 0 5 I IR 1 43 A AR B AT 46
o

1) fih 2 TN H A A M ) )5 . b X GPR AR JE i
L SPD 422 M 2k 1 A FL VR 7R 45 1Y fig i AR il kTN
F, B 490 A K 342 4 oL 3T N 44K O [ 0 S [ 1 5 36
HE U & Y SPD 45K, T H A A K 3% 2k A U i
Y4 SPD (R REGA B — o R A SR
SPD,

2) POV AR 990 46 K % 2 i i b iy SPD 1Y
BOVAFTER K 25 . MR ELERSRE N LT
PR A HL U I B 1 ICCP B, 3 4 SPD ) B &
TUHE N 33X 2K % S i A SPD 5 R 1 e ok
T,

3) MG K Sk i i R RS2 $149. 2 ms,
BIR-EH ik 173, 8 ALt i E gk 25. 9 C,
T2 SPD My BERE A 1000 T A2 47+ Al 3 BUAR FR HCH
it 20 kA (1) SPD #1385 5 ) if K 3% 22 v Yl o PR 4R
K E) 110, 1 ms, B[] F-2 f a5 238, 3 ALtk i i
%N 26.2 C.3i 4 SPD RERE A 1000 J B, AT 3
BUPRFRCH FL IR 40 kA SPD #5386,

SCH O ik & TN E AR A HE I ) e 3 252 R A B B
GPR i SPD #4773 56 A1 43 H7 o I R 23 i 2 {1
T b DA [l o () ) 32 52 W ol R DA B e SR AT N
MW G ESE i i ad #E . 4T SPD iy wh i 3K, B
I 220 9 06 1 o 1 S5 36 5 1Y P O P S Ik e T
B GPR wfis SPD (R 58 X2 . DUk 56
T & 24 fioh 2 DN WL 3 A 380 b D B T 2D RO o AR
(R KEL AR B AR /Nt B 4h, K
T AR HR AT 5 AL 20 kKA SPD R, AN 1 F
PR S L b e K2 HER NI d A W] 2 4L

£ 1rp 4 A, T0626 3o FE 3 i SPD 451 PR AH X 45
BOHMBR e ES R SR, M T0702
1 T0726 &L #& Y SPD i 38 ™ & . & h Wl dG K i 2
TR S B e AR A R VR A 45 2R . SPD By i
WRRNEB RSB 2 A B F AR 45 2R .
PR, TC Yk 45 H W) 06 3% 25 i Y o AR X 1 SPD 43 38 11
NATRAE . BRI E SPD 11 AH & b5 1 I K B E 1
oy i R 2 s ) 1 KL R L ) RG2S I TG
(i) 157 45z g A i A R DG R - AR SO IR g
B MARA L. FRPRCHR B R 20 kKA [ 4L
B SPD 75 52 55 28 WX 8 S R BT E] 8 ps, 2
WETERE A 20 ps B LI AT U £8 SPD, o HL ]
ik 367. 7 mC, % T0702 i &2 H 3 2L By Bt 1 °F 1 5%
JE R 813.8 VT8, — Wk nfi i & SPD iy B A 4
300 J5 ¥ B R AR MEPE B 40 KA (T E, HEE R
694.6 mC,T0726 F=Z B Bx F 5% FE 796.7 V., —1k
i B4 SPD WRERE 2N 553 J. 4G Lk
Mral W, T0702 1 T0726 3 # GPR i 38 SPD i, 52
M 2 SPD Y RE fE 2L KT H il il 8/20 BB 1y fig
S PR 3 2 R U Y BB e R AR N B G218 L (ELRE B
AW BRI B BRI SPD R RE s 23 #5138 L 5 ) 2
e K B[R] 34 22 W P R b B 0 b T DR 1 ik o
(ICCP) i}, SPD i 5 1 #5 . T0726 5t J& T X Fi {5 00
AR SO F I 25 A3 iR e PSS, X T oA
LA RN ICCP B 45 WA it — 2 0F

g

7.
5 % X

[1] Eda K. Destruction mechanism of ZnO varistors due to high
currents. ] Appl Phys,1984,56(10) :2948-2955.

[2] Sakshaug E C,Burke J J,Kresge J S. Metal oxide arresters on
distribution systems: Fundamental considerations. IEEE
Transactions on Power Delivery .1989,4(4):2076-2089.

(3] fuf4 Ry, S48, 00 H, %5, ZnO 8 F (4 vh 5 B SR HLEL. o g
HLLAEF4R 1993, 13 (] D . 34-38.

(4] RS S Bk, 2 BTt 45 TC IR 26 8% 3l 3 4% 1/ 1 90/200ps
ook FL R T A2 R L R T L R B R, 2015, 9(7) 1 46-51.

(5] SO B ARV, 5745, 55, 26 TOL# BORM T MBS BEE A7 30
INHRAE. 4R 274 2019,30(2) :203-210.

[6] Yang J,Qie X,Zhang G.et al. Characteristics of channel base
currents and close magnetic fields in triggered {lashes in
SHATLE. J Geophys Res,2010,115(D23), DOI; 10. 1029/
20105d014420.

(7] 5k32,5KFH . 9K L%, 4. NBE Ml IBP 44 % B [N WL 90 88 45 AE . R
F %24, 2018,29(3) : 364-373.

(8] ZAFIfF. 7 J7 Mk, XUAH B, 2. 3 52 v U 28 Jik ol 2 2k 0 07



el

WRER 73 46 W06 I T 25 v U 5 1 1) 3t v 452 46 TR SPD iR 245

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[191]

gt B, B A 52, 2018,29(2) . 177-187.

Rakov V. A,Uman M A. Lightning: Physics and Effects. Cam-
bridge: Cambridge University Press,2003:265-307.

Jiang R, Qie X, Yang J, et al. Characteristics of M-component
in rocket-triggered lightning and a discussion on its mecha-
nism. Radio Science ,2013,48(5) :597-606.

EE L TR PH Bk SCTE L S WADSE T M 4y ) BIURR AE RIAL ) 4
Fe. BT 522 4R 5 2015, 26 (4) :451-459.

Haryono T,Sirait K T, Tumiran T,et al. The damage of ZnO
arrester block due to multiple impulse currents. Telkomnika
(Telecommunication Computing Electronics and Control) ,
2011,9(1):171-182.

MG IRAR T B RBE A5 Z Ik eh I e N S R Ak
WA B ER AR ,2017.43(11) :3792-3799.

Chen S,Zhang Y, Chen C,et al. Influence of the ground po-
tential rise on the residual voltage of low-voltage surge pro-
tective devices due to nearby lightning flashes. IEEE Trans-
actions on Power Delivery ,2016,31(2) :596-604.

R WRAIAR BUW , 55 T i i DR v ) S T 3t TR R WL 3 0 A
XU Kz 43w H R4 AR L 2018(5) :1715-1722.
KSCE A DA B AR AL 20062011 4F T IN T fih A TN
LR A4 23R, 2012, 23(5) :513-522.

[ TIN S E Y S EPE NYN W | DAL P o G R QUL &2 S K
TR 4 297 . 2016,27(6)  716-724.

Mata C T,Rakov V A,Rambo K J.et al. Measurement of the
division of lightning return stroke current among the multiple
arresters and grounds of a power distribution line. IEEE
Transactions on Power Delivery,2003,18(4):1203-1208.
Zhang Y.Chen S, Zheng D, et al. Experiments on lightning
protection for automatic weather stations using artificially

triggered lightning. IEE] Transactions on Electrical and E-

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

lectronic Engineering ,2013,8(4):313-321.

JATT R R BRSO T i & TN R S R
M 43 BERAE. 13 P4 243, 2014, 25(3) 1 330-338.

Saba M M, Schumann C,Warner T A,et al. Upward lightning
flashes characteristics from high-speed videos. J Geophys Res
Atmos,2016,121(14) :8493-8505.

Yuan S,Jiang R, Qie X,et al. Characteristics of upward light-
ning on the Beijing 325 m meteorology tower and correspond-
ing thunderstorm conditions. J Geophys Res Atmos.2017,122
(22):12093-12105.

ROk, B AR A A — ROE LA i & T A O & AT IR HL
St LRI 3 A 2447 2019, 30(3) : 257-266.

MRERSC, BV ok A 45 AN I B RS B 0 R AT A ]
AR A 42172015, 26(3) : 311-318.

DeCarlo B A,Rakov V A, Jerauld ] E, et al. Distribution of
currents in the lightning protective system of a residential
building—Part 1. Triggered-lightning experiments. IEEE
Transactions on Power Delivery ,2008,23(4) :2439-2446.
Birkl J,Barbosa C F. Modeling the Current Through the Pow-
er Conductors of an Installation Struck by Lightning // 2011
International Symposium on Lightning Protection. IEEE, 2011 .
36-41.

Schoene J, Uman M A,Rakov V A, et al. Lightning currents
flowing in the soil and entering a test power distribution line
via its grounding. IEEE Transactions on Power Delivery .
2009,24(3):1095-1103.

Chen S,Zhang Y,Zhou M, et al. Observation of residual volt-
age in low-voltage surge protective devices due to nearby M-
components. IEEE Transactions on Electromagnetic Compat-

ibility ,2018,60(3) :776-784.



246 A S 3 E1rd %31 &

A

Ground Potential Rise and Surge Protective Device Damage Caused by
Initial Long Continuous Current Process in Triggered Lightning
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Abstract

In the field of grounding on electronic and electrical systems, damage effects of ground potential rise
on electronic equipments are of great importance. Based on triggered lightning technology, an observation
experiment is carried out on impacts of the ground potential rise in grounding grid upon surge protective
device (SPD), especially on damage effects of initial long continuous current process of triggered lightning
on SPD. It’s found that upon injection of triggered lighting into grounding grid, SPD damage of rated flow
rate is likely to occur under combined effects of initial long continuous current process and subsequent re-
turn stroke of triggered lightning. When the energy flowing through SPD is accumulated to a given extent,
initial long continuous current process alone can also cause SPD damage. The impact on SPD is closely re-
lated to different waveforms of initial long continuous current process. When initial long continuous cur-
rent process superposes ICCP with current of faster rise time and higher amplitude, energy flowing
through SPD will increase rapidly, which is the most critical factor causing SPD damage in long continuous
current process. The analysis of two cases indicates that, when the duration of initial long continuous cur-
rent process and average current reaches about 100 ms and 200 A, the magnitude of discharge is 25 C, and
energy flowing through SPD is up to about 1000 J, it is apt to cause 20 kA nominal discharge current and
even higher SPD damage. Two processes (T0702 and T0726) of SPD are damaged by initial long continu-
ous current of triggered lightning, when the peak value of current flowing through ground wire is 396.5 A
and 392.7 A, respectively, the average current of main stage before damage is 23. 6 A and 19.7 A, ac-
counting for 10. 8% and 6. 7% of the average value of trigger lightning current, and the duration of current
flowing through SPD above 50 A is 9.2 ms and 6. 6 ms, respectively. When SPD is damaged, there is a
sudden change in the residual voltage at both ends of SPD, which is obviously different from the disappear-

ance of normal SPD residual voltage.

Key words: triggered lightning; initial long continuous current; ground potential rise; surge protective de-

vice; damage



