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Abstract: A strong electromagnetic pulse (EMP) has a short rise time and high peak field strength, propagating to electrical equip-
ment through strong coupling with cables, thereby causing damage. To investigate the coupling effect of strong EMPs on primary
equipment, a conductive EMP environment is established, and equivalent circuit models for zinc oxide surge arresters, glass insula-
tors, and distribution transformers are constructed. Through simulation, the port voltages and currents of each device under strong
EMP conditions are obtained. The results indicate that when the terminal voltage waveform generated by the coupling of strong
EMPs with overhead lines enters typical primary equipment, the voltages and currents of the surge arrester, insulator, and transformer
remain as pulse waveforms when a protective resistor is connected at the port. However, the leading edge becomes slower, and the
pulse width increases. Without a protective resistor, streamers form on the surface of the insulator string after flashover, causing the
equivalent impedance to shift from capacitive to inductive, leading to sustained oscillations in the ground current. During flashover,
the voltage and current amplitudes rapidly decrease. The transformer’s port voltage and ground current without a protective resistor
both exhibit oscillatory waveforms, gradually decaying to zero.
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Fig. 3 Transmission line model of incident field excitation

ANTRIAA BT LR AR SN L R ER, IR 4 B .

1000~
800+
600

400

HLE/RV

200

0

-200- . : '
t/us
Bl 4 ARENET 1000 mZEse4k KRN EE

Fig. 4 Induced voltages at the end of 1 000 m overhead line at

different elevation angles

Y 4 n] A5, i R R ok R B 2R s R 4 R
JER N HL R B S5 3400 A 38 S 3 KR 8N . B
RN 5 T RGN o = 10 ° I, RN TR A ORI
{Hik 900 kV,

BrubZ Ah, ASCO7 FAHR T J2s 2R e AN R
R LK R A R, R L LR A
@ =10°, BN H RS ANE S FrR .

P S AT A5, R R IOk A A SR s R AR R
IO FE R B A1 B R B i g, AR R A B
IR D A E WA 7 N AT e v U | P 5
DA STk E o™ 7 e AR R A B AT
T, MRLHKE R 600 m s 28 25 A vt R H R U6
FEAR A AL, IR H R R KA R 900 kV, 5 Hi
CEER—3.

BRICZ AL, YARAS LR BER ST iy, a2k



BN, A SR HRERK RS T MR — B R A R 13

%5 W
10001
860.5, sggg-gzrggg'grggg'g ~902.9
800 —L=100 m
5 ——1=200m
= —— =400 m
600} L=500m
— L=600 m
= 407.5 —— =800 m
400 ——1=1000m
=3
200+
ol _
\/ \/W
1 n 1 n 1 n 1 n 1 I 1
—20 1 2 3 4 5

t/us
5 AREKERZZLKRimEMBE
Fig. 5 Induced voltages at the end of different lengths of
overhead lines

AR i # A LR K P O B A 2 A () % 78 AL R
e SEMRG AR AL, BRI, KKL=
1000m, i = 10° B 42 A H R I TE (il 6
FiR .
1000

— y=10°, L=1000 m
800

800

600 -
600

400

HL R/

AT/
f

400

T
1
|
200 HIT13.2 ns
1

200 3280 3300 3320 3340 3360 3380
t/ns

0

1 1 " 1 " ]l
3200 3400 3600 3800 4000
t/ns

E6 HEERTRZLKRKBNAEE
Fig. 6 Induced voltages at the end of overhead line under
typical conditions

HY 16 AT A5, ZR23 2 oK iy JB%0, L R U1 e RS B
B Tk I Y M 13,2 ns, ki 98 R 71. 69 ns.
f T HEMP 5855 T kb b THsl M, @ iior 2 F
B, RV P R, K A (R BTV R
REBEMHEANSE HIL, WehEEmn S
Baos 2R R A% S EIRBE Y Ik oh e AT S RO, 2k
Mg/, FEARFFEPRET G SIHEE R HE, KE
TR IS TR A A S R 1Tk

2 HE—RiGEBEHEEE

T A E AL R B W S
PRI BT, Al 5 R 1 A o 2 R A o L AN
Eh R ENEE, Pk ag ki g
GFE N i A ) R ik, HAMEREIR S
W B B B SRR 0 A iE AT T H AR Rl
WRARAEIN, A ERERY HLME, ERY 2
S50 A DK P IR BE R . P, AR ST TR TR
L AT AR A 0 S AR IR AR
A SR, R T B kR A TR A R
SO L, I A i LR DK PR 7 A 1 R
o HL R AT 3 o
2.1 BE:S

AL 10 kV 42 8 A ALYk T A o S % kA
S AR ALY, ISR P A BR TR TR AR A s
WHAZSE . & a0 BRRS S HYSWZ-17/45,
AR = R 190 mm,  F MU H 42 105 mm,
— M T AR RS, TR AR EEAR B AR S H &
2 FN .

*2 SEBEUSBEEEASH

Tab. 2 Technical parameters of metal zinc oxide arrester
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Fig. 7 Arrester coupling effect simulation circuit
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Fig. 10 Simulation circuit of insulator string coupling effect
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Tab.4 Technical parameters of distribution transformer
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Fig. 12 Distribution transformer coupling effect simulation circuit
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Tab. 5 Parameters of transformer equivalent circuit structure
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Fig. 13 Scattering parameters of transformer
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Fig. 16 Simulation results of insulator coupling effect
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Fig. 18 Simulation results of transformer coupling effect(R,=0)
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