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Overview of Electromagnetic Disturbance Characteristic Parameters in Substation

WEN Yaowen', CHENG Yangchun', HE Ninghui’, SHA Weiyan®, WU Xutao’, LI Xiuguang®
(1. Beijing Key Laboratory of High Voltage & EMC, North China Electric Power University, Beijing 102206, China; 2. Electric Power
Research Institute of State Grid Ningxia Electric Power Co., Ltd., Yinchuan 750002, China)

Abstract: The intelligent operation and inspection of substation equipment cannot be separated from advanced
equipment state sensing technology. With the intelligent development of power system, the demand for state sensing
sensors of electrical equipment in substation has been increasing year by year. The steady state electromagnetic dis-
turbance and transient electromagnetic disturbance in substation pose a great threat to the life of state sensing sen-
sors, especially to the life of micro-power smart sensors, which lead to high error rate of online monitoring data and
frequent false alarms. In this peper the statistical analysis of the actual steady-state and transient electromagnetic dis-
turbance characteristics of substation provides theoretical support for the electromagnetic compatibility test require-
ments of the field electrical equipment state sensing sensors.
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Fig.1 On-site installation drawing of on-line

monitoring device
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Fig. 2 Average value of power frequency electric field

strength of substation
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Fig.3 Maximum value of power frequency electric field
strength of substation
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Table 1 Statistics of maximum power frequency electric

field in 8 substations
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e ek 220 kv 3.190x10°  RRR T A
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Table 2 Statistics of maximum power frequency electric
field of three 1 000 kV substations
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AN A AR FL s Y PRI I S5 SR UL 4. F
4011, 110 kV AF B 3k 5 220 kV A8 H il (%) T3
Yyl , G1S 7% v sl JHL U000 AL A 3 i 0 1) i
T as S 4 2T 515 4 AIS B g2, 500 kV 2R Hi,
vl e KW 58 3 R 13.53 A/m

14

"‘?10» %
L el

E4 110~500 kV Z-E 35 THRRE 7 R KB EH{E
Fig. 4 Maximum value and average value of power

frequency magnetic field in 110~500 kV substation
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Table 3 Low frequency electromagnetic disturbance

maximum in substations and converter stations

AR L 2 AR HLIBRIE/(V - m™)  BEHTRIE/A - m™)
+1 100 kV ik 11.800
1000 kV ZAFH 3l 11.360 69.841
+800 kV #e il 10.800 1.113
750 kV ZAEHLG 7.900 0.870
500 kVGIS ZZ Hy ol 4.503
500 kV A5 HL il 23.074 13.530
220 kV GIS AL HL ¥ 6.689 3.497
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110 kV A8 HL ik 9.240 8.154
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Fig.5 Time domain and frequency domain waveform of

space electromagnetic field
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Table 5 Transient electromagnetic fields in gas-insulated

substations(GIS) with different voltage levels

U - 70 S8 220 kV(GIS) 500 kV(GIS)
A JTIN VA A 2 N )
E]/J GISXEEMHE/JE%L*HM EE;% Z]JLA%%SO }J\%Smb{ﬁ %jﬁ{ﬁ/(k\hm’l) 5 7
K98 B A LA B 7 kV/im , 5 KRG 98 B T 0.115 20.000
gL
N N LA /s
AT LUK 110 A/m, FREZIRIESMGTE 10~115 MHz, FRERTIEL : 4
372~ U U1
K4 AEBEERE[ELETEINAIS)MNERESBE S A/ A -m™) 50 110
Table 4 Transient electromagnetic fields in air-insulated — FH3 A IMHz 40 10
substations(AIS) with different voltage levels FREERT T s 4 10
HIEAH XU TR
115kV 220 kV 500 kV
S ST — Y4y R A 0
HOFR)  EOFR) HOFR) Q)RS HTE RS RS . jt[i 17%F 500 kV
SA/ (K Vem™) 9.3 7.0 16.0 725 B iy ST W A B R A X (Rl e i ki A T o b, et
Wi EHIMH - 2.0~3.0 1.0~2.0 0.5 7RG,
o e 5 AR | T 2 ) 2 B sl
W et b et . . By e e e .
k1 . . SR AT 8 W T ) R
'8 ‘m
ziz q‘?/ﬁiﬁj\?ﬁ/MHz 20~3.0 1.0~2.0 05 E&éﬁ%ﬂéﬁﬂf% I ﬁﬁg%ﬁ}ﬁjﬁ 5 PT E#Jﬁjzt‘*% EEEE/‘JIH%
T PRl s 10 10 10 WA 2 1 T CT i L ASE i T A9 AU, T EL PT S Y
BIYIM ASSES JSSES WSS L CT S B A0 1 2 4459 22, CT ¥ (1) 32 300
6 500 kV IR STBRSEIES T
Table 6 Statistics of transient data measured in 500 KV substation
BAEN MR B A% IR IE S5 ATURAERIE S5
PT st 6 5=3.26 ~5.34 kV/us, =52 ns, T,=17 ps, F,:5.88 ~ 7.48 MHz,
TEEHL R E=35~45 V*-ps, U, =508 ~ 541 V DF:0.2 ~2.0 MHz,5 ~ 8 MHz
WX PT i 5=0.6 kV/ps, T, IIOMT 12 ps, E=8.7 V* F.:3.07 ~3.26 MH
Y —U. S, .= ns, l,= S, IL,=d. TeUs, s d. ~J. Z,
WERMEE 5 " w W
K% HEEHL R U,=125V DF:250 ~ 450 kHz, 1 ~ 2 MHz
o CT 3t $=1.5 kV/ps, T=58 ns, T.=17 ps, E=16 V- ps,
N 5 F.:5.77 ~6.15 MHz,DF:0.2 ~ 2.5 MHz
HEEHL R U,=221~231V
CT 3t $.=2.5 kV/ps,T=56 ns, T.=17 ps, £,=23 V- s,
) DF:0.5 ~2.0 MHz
HEEHL R U,=328 ~340 V
Wi #R &2 PToGdL . 8266 kV/us,T=21 ns, T.=19 ps,E=92 V*-ps, F.:14.64 ~ 18.64 MHz,DF:0.4 ~ 1.0 MHz,
KERMEEN  BidE U,=2.8 kV 6 ~8 MHz,13 ~ 18 MHz
PT 2 $=1.3 kV/ps,T=118 ~ 131 ns, 7.=16 ps, F.:2.68 ~2.98 MHz, DF: 100 ~ 500 kHz,
HEHL T E=13 V- ps, U, =338 ~ 354 V 1 ~2 MHz,5 MHz

REFERAE S MHz LAY, PT 3 1) = S 000% 4 & T
10 MHz 1% B0 , #5730 B AE 1301518 MHz ik A 44
[SLRE

SC[32]0M 5 T K B A L = B LB RS 31 500 kV
GISZFHL 3 & 1 100 kV GIS 4% i He i 16 1] B2 g 2H
A B 1 R R R o I 25 R I 500 kV SRR R
T AR e 2 o 1 LA R L e P e KA /N T
0.5 kV , 22X i R 1 B RAE/NT 0.2 KV, 76 HL R
HEAAREDTILEE ZER 190 . 1100 kV GIS AN A1
s BRI R L3R 7

®7 1100 kV GIS RE1E S i OB E
Table 7 1100 kV GIS port disturbance voltage in

different situations

. BRI RV
PRI oA IR
TSR i e 7.1 1.0
A B 2 1.0 4.0
AR N S5 85 11 28 % 7.0
I AR P2 50 QHEBH 5.0

[331%F 1000 kV GIS Hi T 5K finh 3k [8] %) L, BIK
i S B A RS RGN A B R SR B 5L
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(R TR N , 4 25050 FL 45 5 GIS A T B AE 7K - 1l
T, 4 Z5 HEL B 11 42 by SO TR) 43 e - (DX 12 1 5
A 1 ] 25 022 b 5 AL TE TF I 5 () XL ity
TFo DRSS, R R B RS v A S A
BARE T B Uk 5 i H 48 SR T 1 B A P 0
(B R ) 4 kV, WA e Bt 9 kv, SRS

A B L2 8 o
=8 1000kV GIS B FHXIBIESI A Z M BRI
FE R B &5 SR AHE 4 77

Table 8 Result time domain analysis of 1 000 kV GIS
secondary side cable disturbance voltage caused by

switching operation

iSiEz3iin e WEfE e Mot WD A IR PRI KPRy

UEY KEN  KEN  BfEps
" A 394.9 733.9 9.2
S gLl 295.8 591.4 9.4
= Al 295.3 525.8 9.8
LAy wall! 203.1 339.6 8.9
IES] A i 4557.0 8077.0 68.7
AR wali! 4387.0 7375.0 66.4
B Al 4617.0 9 007.0 61.1
31l 44720 8926.0 532

2.1.2  BIAIEIRIBAEZ A BESTRIL
SC[3417EHE 800 kV 5 iy R A gt ul e 1wy
FL A MBS 59 8 TIRIRAS S5 RES 2. IR
W PIE R e A 2 AT S T] M Ry 2.1 s, 1 T [R] Oy
0.7 ws, FFEEIHE N 10 5o R #8310 ARAS A SR
HLHE SR T4 kv, BRE A 4R 22 4R P 7E 20
200 ~ 300 kHz, 4t 5 B A A 10 MHz,
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IR SR i R [ Sy Rl o vt 2 s A
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H) I RE XA B 25 T8 LG T, S B0 %
RYPERE TR O TR R UK G815 i FiR
HL P i IR ShoE 8 R IR
SCI35 R E AL T P AR 220 Vi AR B 28 F o
i 7 Ll ) ) R i v L B R 30 7 L
INBEVEAT T SCBR A0 a , ARAR S PR I A5 1) 54 X
220 kV =5 4 <) 7% FE 3t B T A 2 I 1) R R A B
TIPS RT . LS SR OQMIEAT 54 0.5 MHz) .
F W 25 SR RT LU AR 7 H il J] R ek i T
PR KB R 38.29 dB LT (i A AR 25 ik L 2k
T2k v TR BRAE ) (GB 15707—2017)#15E (14 220 kV
HI R 252 53 dB(V/m) PR BRI

F9 20kVEENEREXLBFHENELR
Table 9 Measurement result of radio interference value of

220 kV Gaojigang substation

I 553 A3 Tk i THEM A5 /(dB - WV -m™)
A T R I 20 m Ak 38.29
A B E N 20 m Ak 36.42
Al AL 20 m ik 37.72
A IR 20 m ik 37.27

3C[36]14 500 kV ER AL R B, BAT T AL
ui J] FEL A JE 2k B T8 22 , O 500 KV 22 i il R0 4%
i FEL R 75 e B RS AR Y . TCZR T4 b )
LRI 10,

10 S00kVHRTHMTLERETHENER
Table 10 Radio interference monitoring results of 500 kV

Xujia substation

o WA /(B V)
LR z

R F [i] &[4
0.15 38.5 35.7 36.4 39.0
0.50 20.7 21.2 26.2 21.0
1.50 21.6 224 23.0 23.4
3.00 17.8 16.4 21.5 15.6
10.00 43.3 53.8 36.5 41.9
30.00 43.3 33.7 40.0 424

FH 2% 10 AT, A% H 3l FRI6% DU 1] 0.5 MHz 1) TG4k
L, K8 L R 20.7 ~ 26.2 dB(WV/m)., KT
JEAE T AAs 1k AT AL THRBEN(GB 15707—2017)
FAE 1 500 KV HLEZE2% 55 dB(wV/m) A PERFR1TE .

SCIUTIR T A3 M o% T2k A5 I8 Fir A 15 1) L R
RES, 439 110,220,220 kV LA [F 258 A A
P P A5 200 49 758 FEL S v 00 L B PR R4 000 a5, 0 o 4%
RILFE1L,

F1 22 11 0] DL 3] i 400 R R I 1 A e )
= % 4L v 7E 80~110 MHz . 0.85~1 GHz . 2.1 GHz .
2.4 GHz MBI . 8 3 25 A5 50, 500 kV A5 H, ik
PR F2 78 R I | REAR A FL R A B AT BT
A2 2.4 GHz 2247 W e A A kA, HL e KA 8 At (f
BEARE % 2 BAR B AL #3555
1 #8743 : & HHESR ) (GB/T 9254.1—2021) KL AE F BRAE
76 dB(wV/m), 1] 8 2 JC 2 A Jak 25 38 A 7 A= W) T
P, 2 M52 ) JC LA [ (R 1 AR
23 FHEI|EMNBRSEEER

7 LS T A7 T o B B A 2 0 o R AR
AHLT {FL B 25 118 2 AR 1 2 5 0z b BH e A Je%
P A A Hi et ] B 198 b A7 86 A, a0 T X fL 152
S DA e 7 8
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Table 11 Maximum values of RF electric fields in

different types of substations

, N . e KAH/(dB-
AL pSE ALY AR i
pV-m)
88.000~112.000 MHz 50
145 A8 850.000~960.000 MHz 70
IEES 2.140 GHz [fiE 72
110 kV 88.000~107.000 MHz 62
i 2% 880.000~960.000 MHz 73
2.144 GHz [t 73
87.000~107.000 MHz 72
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Table 12 Calculation value of transient disturbance when

lightning strikes substation
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Table 13 Statistics of maximum harassment
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Table 14 The maximum value of secondary

electromagnetic disturbance caused by switching operation
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