A LBRA

50 2018 4F 9 H

Electric Power Engineering Technology

GRIEE RS

MOA ol R, 370 55 50 8y 2 A . M il 3 A

Wemms', x| &, EakE’
(1. FL A7 A FL S 4 B R T S s (T 2050 k) L I 72 710049
2. [ RIAE A H A B H T L L 2N 7 AR 5 351100)

i EARIEEE A EF % (metal oxide arrester, MOA) 89 i1 2 , /2 1 ) X3 RIGMGK I 5 F % R A o & &R
KA BT DA REHN T ERARBEGRE S, GASHTABRATLASHBERARG T FBAD
BRI MOA 64 3F a5 iE , Bk T IR T 2 574 R B R, LPABT F R G RIK, 247
Tk A AR N E AR 69 K ah 2R b 3 BORAE 0R HOBE R  Heidler F AR A BT S BAER, F K
T MATLAB/Simulink #5247 A ¥, %, 45 69X I G AT45 B H7, 26 8 T ATP-EMTP 4% 44 P 5 AL AL 64 0% W Ak
B LER T Ay )5 4 MOA fE4F Heik e 5L b R 69 45 WA R | B BB AE A5 LA B I % B AR A

KEIR 2B AN ET B ERRE AR ;F B AR ; ATP-EMTP

i E 4K 2 TM833 MRS A

0 3§

4B B ALYy T 7% ( metal oxide arrester, MOA)
R HL PR RE D 57, S PR i B A o Pl I L PR e e s
AR H A 1) H BT A 32 3 v s 40 53 1) T 29X
£ HE T R Gk B A R R T2
TE MOA F A HTHTA HFE AT T i g i e il 4
IF, 2508 F 7 A 48 B0 A i v U & 2R R X MOA
AT it B T 1 56 A A5 R L U X PR A B A Y
IVERT 6 i B i 52 oy M i AR E PR
Bt R A A RO A 7 ST X MOA
P S BT AR ALA TS50 A A 1k B A S S

B HL IO B A SRV L BE AL A AS B I) 25 Ay
K IR EFFEAT 8 R AT R D R Y
B L AT A R I HL R, ELOCER 0 S ) B U Y T =X
SRR PR o 45 E T LI B i A S A
Jrak, R A B R R Y . 1941 4E, Bruce
Fil Golde H T XUHE FIAR ™, 3302 1 B AR 1 1
TR, L B BN Tz iR, B
PREERIA A P S EC I ST, HAE =0 Bk
AR — B S8 R =0 I 2] S 4L
AN S AR 25 B BE X Bruce 4 i 19 UG B
HIPEAT THEIE, Jones, Gardner F1 Raicic 28 A5t 5 #&
T ZRMEIE g (B T2 E0 T A 2 &
B FL AR IR e A9 22 S (0 HOAE T AR P R AN AR
Z o 1969 4F, Uman FlI Mclain"® #2144 LR AR 1 ;
¥ AS B H7.2018-05-07 ;45 H #7.2018-06-14

AeRB:BREAORAFELCHTLHKAFEEL
(51521065)

E RS :2096-3203(2018)05-0050-06

1985 4F, Heidler $2 i 1387 ) pRASE A X B A 2284
" AT T 430151987 4F, Rakov 1 Dulzon %J TL
BT T IE$E 3 T MTLL B ; 22 J5 , Nuccei 55
A TL AR IE 2 4 T MTLE #58Y ;1995 4§ [E PR
Hi T2 3 2376 TEC 62305-1 3¢t s Heidler
PR P R L A B RS, 1998 4F, Rokov FI
Uman" *Of S i 55 BRI A0 4 2, FE 0 4 e
TR T PR E ORI 5 2000 4, Rouzbeh Moini 25
NPT REBIE I I AT R 5 B 1 £ Rl
RUEAT TR o3, BT AR BT A2 A R 5 UL s
AT, 2002 48, 5K RFFHIR I & 25 4 XN
[l H W 3 4 T — o A bk e 5 A A4 5 2009
4F, Rokov 45 A X 87 HLAF 55 S Bl 4P 04T T B 45 41
A1 A F I ORI | R R R | 2R
PR/ B E O RS B FHL R Ik il B H RO RIS
BidFaE S AN AT 1B AR 4B i oE . 2011
4, Javor Ml Rancic™ ™ 8 T — i 14 75 A 0] o7 2%
FEL 75 PR X ( new channel-base current, NCBC) 5571 | %
P 5 B BRAR i TEC 62305 -1 AH4F, 2015 4,
Andreotti F1 Verolino""7" $& 1 1 31 4 3L B V7 o9 B PR R
BEAY W SR v L IR 3 B

ESI P 5 S e 0 i T R0 e e S 2y I SR e
T UL I RSO B A R DD A S, R S D%
TEAZ AR LA 00, T AE MOA S Br o of HL 3t
R SR A el O e A e T AR i 1 2k
L3 2R [ S DL A T R TR R IR,
FE B4 B B SR FH 7R R U o SO TR A il
HL i (1] 6 R BF 58 MOA AR LR PR 1, 208 1 HL it
W) 22 57 60 10 2R PR A 52 . S 32 22 4 X



WREAS 45 MOA whly B JRBERY ) L0 BUR GRS BE 52 51

MOA il v it v, it 2 8 oo W R B B R A 7
O3 AT, BT 3 FhE A R L R O, A 1 i
LI A AR % E AR TR L A A AL ) B PR, 7R
ATP-EMTP % MATLAB/Simulink % {1 f # 8t vt o
I [, S5 5 I B AT O A, AT AR
FE, S IBCAS [) F) B P R BSOS B 2 0 4 L 5 2R 3k
JSCH 009 22 S, B PR T XS B R 1 S T AN 2 2
1 ERRERE
1.1 FEE R HREY

W 35 %0 pA %% ( double-exponential function,

DEXP ) BRI Sy 15 U 31 Hh 1) ri AR, o7 P 4
Tz R R AR

I(J
i(1)=—(e™ —e™) (1)
n

P 1 R TR AR 5 o, B 2390 S TR E B T I 1) 1 5
S ) B v 3L F K BE BE BT B 50 o= e -
e Pin FORWE(EIG IR AL, Jovh T, S V(B 0], 7 5
X BRECR — - B, T, =In(B/a)/(B-a) .
H LRI (LY S0% X R iy Ip ] Tso ARA (1) ,
1,/2=1/q(e ™ —e?™) o UL n A, MAFEN S
B 1y, o, B AT HRE I A LR EE [E JF A5 2R
L4
1.2 Heidler FRE{HEEY

Heidler fif $2 77 A 3L 3 s B R iRt R 10

_ I (/7)" s
(O (s e B

ey, m il n AT S8 7m0 505 BT
I [¥) 1 9 IS ) 5 0 n D MR BE B R AL, ) =
o T/ VY SR A6 IE AR
1.3 Pkt of B EY

K FH RRSC— k v R BB (pulse function ) e 3k
ZN A H [ AL, P LAk B BUHS $5 ek BT ¢ = 0 1 21
— B AGE R AN ESE N Heidler rRECA TR F
F FE 7% flik b (lightning electromagnetic pulse, LEMP)
BUE TR )R

I
L(t) :70(1 _ e—l/'r]) ne—l/Tz
n

n=[nr,/(7, +nry) ]"[7,/(7, +n1y) 7™
(3)
ﬁﬁiﬁ%‘%\tﬁ IO ’nyTl ’sziﬂﬁgﬁu%%??&ﬂéo

2 MOA WiFERA £ MO

FEXT MOA 47 Hy ] 55 sl B R 5 i, 20
SR FH el Fi O i A e 7 A R E i BB il v O

FTHR IR 45 B ol WL A [l B AT T 4R RLC
JCHE [ %, T2k S A B 5 B A B LAY
P EERL , TS T A AN A E A R B AR Z A 3K
f18 ok v A [ 1 B R T AP sk T B
PEATRRCE, A AR 2
21 FHHUAHMBEERNERSN

P 1 D5 s ol WL A B 2O [l B, € Ol
V2R AR A RME, L & R O fh LA e |
o] S 2 £ 0 VA o B B R B ) L JER R LB
S aH g He A 1330(4) o

K R L

[

c—=U,

i

B R B R [ B
Fig.1 Main discharge circuit of impulse current device
2. .

LC%+RC$+L.=O (4)

A(4) B RGO TR R

HHAON AR T7 R, J SR LR AR AR, AR 4 i A AR
(B> 3 TS OLEAT 20 8T o

(1) KBLE,BIR <2/L/C ,¢=R/2/L/CH:

Uo \/? -¢(1/ JIC) 2
—e sin(ty/1 - €/ JLC)
Ny |
t=0 (5)

A (5) g B ARG e, % HoR Sl

LC J1 = &2
by = | (arctan ¢ + km
1 -¢ 3

k=0,1,2,--+,n (6)

Ohy S L A BELJE 2R 04T bl LI A 2R OB

AR (S) AT IH—4k, 7, 0" Jrilo A —1k

il S RO — AL e 2 8. #53(7) Fi(8)
FRA(S) T 43:K(9) .

i(t) =

Uy
i =i/( ) (7)
VL/C
" =1/ VLC (8)
.k 1 =&t . * 2
o= e sin(1” V1 - §) (9)
V1-¢
(2) #pLe, B R =2/L/C £ :
i<t>=@e-<”m t=0 (10)
L
t. =./LC (11)
it =1te” (12)



52 LR

(3) B, B R > 2/1L/C 4.

U C :
0 /fe‘f“/m sinh(1/& - 1/ JLC)

i(t) = .
VE -1

t=0 (13)

_[Ic £
i, = e - 1(alrctanh ¢ ) (14)

L e
e ¥ sinh(;* /& - (15)
JE-1 (/e -1)

22 FHHMAHMBRENHESEIT

RN Rl TR Ry W 8 B gy o TIPS R
HRBOE SEHJE R K AR, R MATLAB 55 n
g AR 22t BELE AR K0T i Hh BRSO AR 2 AR
TEC R X A [RIH I A VF i 22 19 2R 2 i L e &
G POE SR h e a0y Bad b, AR A
PATR 2 SRR 18] T, S0 E ) 7, AT 58
Ty =Ty
0.8
9T, = Ty
EEra— (17)
KTy, Tso s Too 730 0 AR IR AEL Y 109 ,50% ,90%
IR B IR TR, HL I SE S AT B e A

DIBLALVE L 8/20 us (10 kA [ ofifi LI A
RS FE e B REA T BT o AR DO 2 B i v 23 A
RLC B 1] s A AR AE R B IRZS T T RE A+ 21
8/20 ps wirili LR BIE . #53K (6) FAA(S) AT F7
L P 0y, FLHEAEH

iy /T =10 1

SR LA R AR R S O VIR 22 IS
T A BEL e AR O — AL 8 280, i i A
SRAFTCHR [0 A e PE TP (EL . ARl TEC A b ML
SE,8/20 s 10 kA [ ofr o FL A I 1) 75 O 22 Y 1]
N VEAE i, (£10% ) , RTINS TE] 7', (£10% ) , > IR
] T, (= 10%) , JZ W% P 3 3 6 (/0 1 s/ i
(<20%) .

P 2 () g AR A0 S AR P ik 3 2K 1 B T Y
BHJE R BGE] ¢>0.455 9, [ 2 (b) S M4 f e fEL A
IF1) 57 6 iy I 18] =2 b 7 T 25 7 O 22 Y1 TR P 32 L
J& BT ] 0<£<0.662, 25 4 3 W AN T il i — 45
i i RO B T B B e AR BUBRUE T
A 0.455 9<£<0.662, 2(e)=(d) 4Rk T, " Fi
i, SRR REISC R ML, BRI i 2 5B T
Rt 2 1) (L VL ], 3 7 5 — PHLJE AR el aod X
(7—8) Al i35 et fH

W &% £=0.47,#h4k i,,/1,, =18.76%,1,,

ok
1 =

r, = (16)

r,=Ts -

= e I (18)

80
70
60
50
40
30
20
10

X: 04559
Y: 3.056

=

i it %

0
0.1 02 03 04 05 0.6 0.7 0.8 09 1.0
¢

(a) JARMEIRG i,/ i e R 2k

4071
3.8t
3.6t
34} X: 0.662
- 32 Y: 3.056
= 30t )
<28l
26}
24|
221
2.0
0.1 02 03 04 05 0.6 0.7 0.8 0.9 1.0
¢
(b) MRS T,/ T 55 A ik
14
1.3
121
- L1t X: 0.456
1.0 Y: 0.9408 o6
X: 0.
0.91 S~ ¥ 08398
0.8 | \
0.7
0.1 02 03 04 05 0.6 0.7 0.8 0.9 1.0
¢
(c) KM MHEIRG T 5 ER RN
147
1.3}
12+ X: 0.456
P Y: 0.5699
- X: 0.662
10} é Y: 04731
ool \
0.8

0.1 02 03 04 05 06 0.7 0.8 09 1.0
4

(&) RAEPERTSL, 5C% R A
2 EWMBHScXRBL
Fig.2 The curve between waveform parameter and ¢

=0.562 2,T,/T,=2.71 8,T; =0.933 2, T.f& FH %
CIEREERY, B2 C=16 pF, WIHL S L=4.593 uH,
R=0.504 Q,U,=9.53 kV, 1£ ATP-EMTP %k {t}: th4%
IR SO A T RO an e 3

8/20 ps 10 kA ity i 38 0] 6 05 JL45 SR 5% 1
Fi7s , GO W I [ s 22 2 +8.695% , B ELAH XS
BOR B E AV 22 MUE TS N . i T I sior 2k
P rE BEL AR Y BRI ST AT, 24 6480 MOA I, )
FH MOA R, 92 BRas 3 (4 2 W (8 I 8] T, Jif 2
SR/ BT B AR v L



WREAS 45 MOA whly B JRBERY ) L0 BUR GRS BE 52 53

i B / KA

0 20 40 60 80 100
t/ps

E 3 8/20 ps.10 kA EREERBE
Fig.3 Simulation waveform

=1 8/20 us 10 kKA W HEFAEBRHELER
Tab.1 Simulation results

{EZ% , o . . (L 7/i . )
T /us T,/us T,/T i /A i /A m2/ tm
%ﬁ 17K 2/ W 2701 ml m2 /%

FRUEWTE 8 20 2.5 10000 — <20
FEZESR 7.9875 21.739 2.722 9 998.58 1 872.65  18.73
M2/ %

2.3 MOA B E EpFEIEIT

FEXF A AR AR HLBH (MOA e B BH 745 )
s B U R AT 9T, B PR AN A Sk i UL iR T
Pio (1) FECH MOA Z5 44 REFNAE LM R B Rl
PET, 6 E K — o v AL W (A 1) S 0 B0 25 L B
VER AR | 4 v ol o 3 0] B B2 7 I 2 BE e R
A FAE L b G B A 2R TR i e B, 2 T AR
FFFEAREZSR Y . (2) RIS HE, 8@
b wpf g 15 2 67 28K 2 25 F B AR fB i L, R
Ce PR L BEL A B S HEAT B0 L o T B
A B, R bt i I v A A ) S B0
L[] i, MR A5 52 PR BE R AR AL, MOA R 22451

3 MESHBEERDH

SCHR FEBEEXT MOA il i 3t 5% T i 36 iR A 7 45
FLAFSE, #5 A v U 47 L F B S e AN ] e
i R IEIE (5 s % 8720 s, #4E I 30780 ps, BE
B 1/5 ps) B 8 1R & B LB AL S8, il
AHR B AL B TR I o 4 T AR A ) sk 2 4 L BHL
(metal oxide varistors, MOV )iz i 508 R R~F
(BEAEXE ) 42x24 mm, FRFRH LA 10 kA, #il
EHLIE 3.67 kV,8/20 s, 10 kA wpdi i i T 88 JE
8.85 kV, 30/80 ps.500 A whiliHi i F A% 6.93 kV,
1/5 ps 10 kA ppi i FERE 10.02 kV, DU HL )%
it IR IIE 8720 ps IR 10 kA Ry £ 47 3 A
W5, IR PP Kl 4 (a) FR .

TE ATP-EMTP R4 rh 5 g i i , MOV R 2245
TEH type—92 Sk AL, A4k O HIRE i 00 FH o3 B4k
PR VAT S BUR 2 4. i T ATP-EMTP %k

-0.156 +8.695 +8.88 -0.014 — —

A type—92 A5 ST | OR FH de /s e vk 1E AT U
AL UG HFRREAA N i =p (v/v,0)" ,p,q JHHIBH
R R v AT B ME R, W] B R FR BGs B
I R ) (B v, =10 kV) o DAl REHER Y
AR AR R AR O B S R
ZEXFHAA SR H AR R A R &G T
LR W LAY p=4.466%10% g=12.25,

HEHE GB 11032—2010 52 i Jo [A] Bt 4 & AL )
it A BOR MEAT o f U AR R, 58 O n E
4(a) s . >R RLC wrh o 3t o] 2605 B JE an &l
4(b) R, BT UCHTES ] T - 0 fE ) 7,48 ]
B, a5 (16—17) HEATIHHEAR T, %)
FER L PR AR, W] DU V(R (8] T, , Ty, TopaK
T'so B IV, FL B RN BRI, AR AR H U 5 T 25 10l 2
SR PR EBOE T S8

FLI \

Wi RE P

)
(a) SLHGEE G
10 000 — FRRIE L IR (A)
8000 |,
6000 BRE(V)
4000
2000 UG T)
_—\
0 20 40 60 80 100

t/ps
(b) RLCyrv7 Bt [ 2% 77 B 45 R

B4 MOA 8/20 us 10kA X SHEER

Fig.4 The measured and simulated waveforms

4(b) 7 8/20 us.10 kA RLC #piik 5615 &
WV, i 545 3 0 FLECE - WEAE I |] 7, = 10.77
us,T,=0.49 ps, T, =7.28 ps, Tgy = 8.49 s, HL I &
{E 7, = 10 kA JTSRPTAGPCATI E] 7, = 8.49 ps, 1
{EI[E] T,=20.28 ps,

HI T ATP-EMTP B i A SOfF LB 3R 0 R KL
BT FLAFSE , SCH7E MATLAB/ Simulink b 5 5 iy
LA, MOA HpPRid it 5| A Bk T3 s 2 kA T
Bfll, 22 2y 8/20 ps 10kA wibi i T bk 3 Fh
B LA BRI BOR R 1) e B S B

SRS ik Je Ak 3 v Bl al A, AR A R
FL I PRI R ()30l 1~ ,8/20 s (10 kA L IRLAR T
{ELAS R AUAR 25 , W SR B (45 SR 4% 5 BN [ 1Y



54

A LBRA

#2 8/20 us.10 kA TEHERERHEE S
Tab.2 The parameters of lightning current model

B MAEEE%EL Heidler R fkifred L
LRI 1o/ kA 10 10 10
WA 1 1E % 0.007 8 0.237 69 0.146 48

a/ps”! 1711 - -

B/us™ 1/10.77

7/ s 9 7

T,/ Us — 11 9

n 3 3
wo Tw/ws 10.884 11.45 1.0
m Tw/ps 0.42 2.85 2.16
b3 Toy/ pis 6.62 8.64 8.17
¥ Ty/ps 29.15 22.77 22.40
% T,/ us 7.76 7.23 7.52
# Ty s 29.51 20.64 21.0

i FEL U R ORS00 N 22 S 0 AR R R A
S R T AE T e W i RE I, SRR R 22
AR AL R 22 R o AELATE M DRFE b, Wl g
A TR Z2E AN RE AL H FH R TIE W] MOA ) 255 Y
B HERRPE . DRI, 5% O S T f 19 o P
TIXSHIESE MOA BRI R S

%3 8/20 us.10 kA THEERFELER
Tab.3 Simulation results of different models

B RLC  WUEHER% Heidler 4 kb ekl
FRIEME/KV  8.85 8.845 8.846 8.846
Wl pEE/kT 1.407  2.492 1.692 1.669

WS N 22 AASG P85, 1 Heidler pRECF Ik i o
BT BN B O
4

&it

SCHYEZER T MOA i 336 v b L I e
it H A B AT 43 BT, 3k BROUU A A ek BOE A
Heidler pRZCREAY | Jik o R FROBE Y, 4387 T o LU
KA A TR H AR R () S A PR S, JE T ATP-
EMTP 1 MATLAB/Simulink #% 2 wp 50 56 1] 1% | 2%
AR E A AT 5B, O 4 T ATP-EMTP %k
P BB 288, IR 45 R R0

(1) SR ESE i TR i P B
WES R 2% s Heidler pREICRITR 1k of R FIR 7Y W]
TR S RO TR Y, AR MOA
B X A, AL 45 R X 45 A v A

(2) TR A B H A R RSB AR A 1 B A A N 22
S5 HEAEAN 23 38 B R RE ), T AE T B R A g o
B, AR 25 A e A 45 e 22 K . 7E ATE R B
FEH, U A RE S (B AF X 15 22 AN BB ¢ 47 M FH R I BH
MOA i A A B LL A A 2 o
S 3Lk
(1] AEZEE. o Aril 28 M. Jbst. oh KR HL A, 2013,

XIONGTaichang. Electrical surge arrester| M ]. Beijing: China

Water & Power Press, 2013.

[2]

MK A, BARUE S5 2 kb b SR e

10 000
9000 | —_RLC
7000 ,' - — Pulse
< 60001 ]
= 5000}/
4000 H \
3000 | \
2000 ] \
1000 AN
0 20 40 60 80 100 120
t/ps
(a) B HMPEIE
9000 _RiC 19000
8000 |/ ~C DEXP {8000
> 6000 TSI 16000
5000 | T 5000 B
= 4000 4000 =
3000 13000
2000 12000
1000 / 11000

10 20 30 40 50 60 70 80 90 100

0
t/pus
(b) Gl KR A
E 5 8/20 us.10 kA TEEEFEIEH

Tab.5 Simulation waveforms of different models

TE bR 3 Bl R e B S B , WU ek R 7
AEPRIENFT I )9 2 TR A 28 A HT$2 T, ~f 0 fE i
] AN BE T L 25K, oR XS BB A A% I B L

HIIRIELT ], MRS ,2017,43(11) :3792-3799.

LI Pengfei, ZHANG Chunlong, LYU Dongbo, et al. Failure
modes of metal oxide arrestor under the multi-pulse lightning
surges|[ J ]. High Voltage Engineering, 2017, 43 ( 11) ;3792
-3799.

(3] Pl e, R 2. IRk B AL R e no oA s
SE[J]. WiTTHL J7,2018,37(3) :86-88.

XU Shude, LEI Shiyi, CHEN Biao. Optimal modifications in oxi-
dation Fan of wet flue gas desulphurization [ J ]. Zhejiang
Electric Power,2018,37(3) .:86-88.

(4] B3R, BR BG4 i, 5% JE T R oTiE R TG L Fe 4 6L
i T RARBUR B G BB AT [T ] WL H 7, 2018, 37
(4):1-6.

ZHAO Aixuan,CHEN Xi,XU Long,et al. Study on thermal ac-
cumulation and dissipating process of distribution cable under
short circuit impact based on finite element method [ J ].

Zhejiang Electric Power,2018,37(4) :1-6.



R IHG 45 : MOA nfrify R BRI F) SR S5 I SRS

55

[5]

[6]

(8]

[10]

[16]

[17]

(18]

AR, T SCOR BAS I, 5. 2% SIS RE B A 530 14 43 ) 4 A
Wyt AR EE R P T [ T]. o [ s AL DR 244, 2017, 37
(10) :3019-3027.
HE Yuwei,SI Wenrong, WEI Bengang, et al. Accuracy analysis
of metal-oxide arrester simulation models considering the energy
absorption estimation under impulse currents with different
steepness| J ]. Proceedings of the CSEE,2017,37(10) ;3019
-3027.
BRSO, DR A P S B R T B
S AL R BE e O R P e [ ] o T LR 23R, 2015,
35(13) :3436-3442.
CHEN Jie,GUO Jie,QIU Aici,et al. Experimental investigation
on the response characteristics of metal oxide varistors under
very fast transient overvoltage [ J |. Proceedings of the CSEE,
2015,35(13) :3436—3442.
BRUCE C E R,GOLDE R H . The lightning discharge[ J]. The
Journal of the Institution of Electrical Engineers, 1941,88(2) .
487-524.
JONES R D J. On the use of Tailored return-stroke current rep-
resentations to simplify the analysis of lightning effects on
systems[ J]. IEEE Transactions on Electromagnetic Compatibili-
ty,1977,19(2) :95-96.
UMAN M A,MCLAIN D K . Magnetic field of lightning return
stroke[ J ]. Journal of Geophysical Research, 1969, 74 (28) .
6899-6910.
HEIDLER F,CVETIC J M,STANIC B V. Calculation of light-
ning current parameters[ J|. IEEE Transactions on Power De-
livery,1999,14(2) :399-404.
IEC 62305-1 Protection against lightning — Part 1. General
principles[ S]. 2010.
RAKOV V A UMAN M A. Review and evaluation of lightning
return stroke models including some aspects of their application
[J].
1998,40(4) .403-426.
MOINI R,KORDI B,RAFI G Z,et al. A new lightning return

IEEE Transactions on Electromagnetic Compatibility,

stroke model based on antenna theory[ J|. Journal of Geophys-
ical Research Atmospheres,2000,105(D24) :29693-29702.
ZHANG F Z,LIU S H. A new function to represent the
lightning return-stroke currents[ J]. IEEE Transactions on E-
lectromagnetic Compatibility,2002,44(4) :595-597.

RAKOV V A, RACHIDI F. Overview of recent progress in
lightning research and lightning protection[ J]. IEEE Transac-
tions on Electromagnetic Compatibility, 2009, 51 (3 ), 428
—442.

JAVOR V. ,RANCIC P D. A channel-base current function for
lightning return-stroke modeling[ J]. IEEE Transactions on E-
lectromagnetic Compatibility ,2011,53( 1) ;245-249.
ANDREOTTI A., VEROLINO L. A new channel-base current
function for lightning studies[ J ]. IEEE Transactions on Elec-
tromagnetic Compatibility,2015,57(6) :1539-1546.

NUCCI C A,DIENDORFER G,UMAN M A et al. Lightning

[19]

[20]

return stroke current models with specified channel-base cur-
rent; A review and comparison[ J]. Journal of Geophysical Re-
search: Atmospheres,1990,95(D12) :20395-20408.

MG, TR € Z4 RSO vl v 9 I 5 W B oy
HrlT]. B R #Y,2012(5) :98-104.

YUAN Haiyan,ZHUANG Yanfei. Mathematical analysis on the
effect of stray parameters on impulse current waveforms|[ ] ].
Insulators and Surge Arresters,2012(5) :98-104.

A UETEAR, HERS AL, S — Rl R A Y e U S Y
ARG D3 A [T ]. WiiLH Jy,2018,37(5) :38-43.

YU Zhe, LAN Daolin, DONG Shuli, et al. Case analysis on
leakage current increase of MOA[ J]. Zhejiang Electric Power,
2018,37(5) :38-43.

2= gk, BarE L B AE. U DX D B B TR A
MRS [T ], #iryE g ,2017,36(1) - 14-18.

LI Yi, WEI Lifu,ZHAO Yong,et al. Analysis and discussion on
lightning protection of transmission line in marine area [J].
Zhejiang Electric Power,2017, 36(1) :14-18.
TEVHE, RGN (AR, A5, — Rl el (4 3k R A of o O
16 1 B SR O [T]. iEHR AR, 2011 (11) <210
-216.

YUAN Haiyan, WU Jianqiang, FU Zhengcai, et al. An improv-
ed designing method of metal oxide arrester impulse test circuit
parameter|[ J]. Transactions of China Electrotechnical Society,

2011(11) :210-216.

(23] Yoo ALAEML, BRSESE, 45 IR JHREAT 8/20 ps nhifi YR

T MOV g PERET EL[T].
2120-2125.
YAO Xueling, DU Zhihang, CHEN Jingliang, et al. Simulation

e L R4 R, 2010,36 (9)

on dynamic characteristics of MOV under 8/20us impulse cur-
rent generators with different source impedances [ J]. High
Voltage Engineering,2010,36(9) :2120-2125.

W2 Wit , B AT, S5 R SO BEDGS o ol H 3AE [0 K
R ESZ Y 05 F LT ). R, 2009, 35(9) £ 2250
-2255.

YAO Xueling, CHEN Jingliang, WANG Ren, et al. Simulation
of effect of varistors on output characteristics of impulse current
circuit[ J]. High Voltage Engineering, 2009, 35 (9 ) 2250

—-2255.

oS (1994—) , 5 LA B 5
Wiy L ) RGeS A 7 B (E-mail
18165272663@ 163.com) ;

XUSHH(1953—) , 5, #4%, i1 A= 0,
WEFET7 8] AR P L BRI F 5T RG-S R
gy 2o el B ) RETC I K B
FR P (E-mail ; liuex@ mail.xjtu.edu.cn) 5

FEAEIR (1974—) 55 AR, g LR
1w ZB DT, DA i 78 v ARG 18 MO B AR Y T
1B W 5T R T AR

AL}

(T#% 63 W)



B 57 B AT X 5 R RE TS 1R MK 1) R 63

Impact Analysis of Voltage Sensitive Load on Planning of

Distribution Network with New Energy
ZHAO Fang, DU Zhaobin
(School of Electric Power South China University of Technology , Guangzhou 510640, China)

Abstract: Due to the volatility of renewable energy output, the power grid with high proportion of renewable energy integration
frequently faces the power quality declining. This reduces the operation efficiency of sensitive load and further leads to abnormal
operation or even malfunction of equipment. In this background, the load loss may occur when the voltage falls to the uncertain
region of the sensitive load voltage tolerance curve, which should not be neglected. Such load mode possibility should be
considered for the distribution network planning in order to improve the security and economy of the power grid. In this paper,
the frequency variable motor is taken as a typical load to model and analyze in terms of its voltage sensitivity. First, the fault
probability of the frequency converter in the uncertain region of the voltage tolerance curve is estimated, and then the loss of
voltage sensitive load is calculated and incorporated into the distribution network risk planning model to improve the adaptability
of the existing method. The results of the test example verify the feasibility and effectiveness of the proposed method, which will
be a reference for the future distribution network planning.

Key words:new energy; sensitive load; load loss; distribution network planning
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Modeling , Simulation and Experimental Study of Impulse Current Model for MOAs
YAO Yapeng', LIU Chongxin' ,ZHUANG Jianhuang
(1. State Key Laboratory of Electrical Insulation and Power Equipment(Xi’an Jiaotong University) ,Xi’an 710049, China;
2. State Grid Putian Electric Power Supply Company, Putian 351100, China)

Abstract : The factory test or acceptance test should be done before putting into operation to ensure the MOA's quality, where
the impulse current generator is often used to simulate the impulse current and test the stability of withstanding the impulse
current. But in the simulation analysis, the lightning current function model was used to study MOA's nonlinear characteristics
instead of the impulse current test circuit, and the influence of the difference between the current waveform on the load
characteristics was ignored. The lightning current model research status was introduced in this paper, and three models,
including double exponential model, Heidler model and Pulse model, were carried out by MATLAB/Simulink. Then simulation
results and experimental results were compared and analyzed according to the relative error of residual voltage and energy
absorption. Then parameter in Alternative Transient Program-Electromagnetic Transient Program ( ATP-EMTP) is determined.
The research results can provide reference for the following MOA research on the characteristics of the very fast transient
overvoltage (VFTO) , the simulation analysis of the circuit model and the lightning protection research.

Key words : metal oxide arrester; impulse current generator; lightning current model; ATP-EMTP
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