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Simulation research on VFTO waveform attenuation in UHV GIS substation
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Abstract: In order to study the reason why the waveform attenuation degree is quite different from the actual
measurement in the VFTO calculation of UHV GIS substation, this paper first introduces the generation mode and
waveform characteristics of the measured VFTO waveform of a UHV substation in China. Then the possible attenuation
factors of the VFTO waveform, such as the arc resistors, basin insulators, GIS elbows and GIS bushings are analyzed. The
original IEC recommended model is improved based on possible electromagnetic leakage or radiation loss. Finally, the
overall simulation model of GIS substation is established. Through the equivalent conversion of the measured waveform,
the simulation conditions are unified with the measured waveform, and the simulated waveform characteristics under
different models are obtained. The results show that after considering the waveform attenuation factors studied in this
paper, the attenuation degree of the simulated waveform is more consistent with the actual measurement, and the
rationality of the proposed model is verified.
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Fig. 1 Single line diagram and the layout scheme for VFTO

measuring points of one UHV GIS substation

2 RSB RRIIAE
Fig. 2 On-site photo of VFTO sensor

1.2 =4 VFTO AR SEiMiK 2

GIS ZZ R — A Z ANl 7= VFTO 1)
Jr AN PR EA R 2 2, AR SCEZEE X
s L HL A2 VETO TRAERCNI 7 AT 9. B
RERE TR, #1 AL, A BT A R 2 T
KW IT, ERVERE B ITOE T0312, #4] T0312 Flir %
% TO31 2 M2k, 76 GIS H /=4 VFTO HJE .

BEIN GIS FRAN[EIA & =421 VFTO BB aniE 3
fime MWEIHATLUE H, 78— IRGEREI 70 A T AR
MRS R A2 B NEE R, PR 28 S B 1)
TEVRI TR R 5 us, R ATRR 20 FEORAL L o

1.0

08

0.6
0.4

0.2
0.0 J |
-0.2 .

-04
0.6
0.8
-1.0

BV

19.69 0.308 20.31 40.31 60.31 80.31 100.3 120.3 1403 1603 1803
B [A] fms
(a) AT

79.08

0

16.15
63.77
-111.40
-159.00
-206.60
-254.20
-301.80
-349.50
-397.104
408.7 409.7 4107 4118 412.8 4138

B [H] /s
(b) Bk 7 i

3 T2 i s SRR
Fig. 3 Measured waveform of T2
2 VFTO BERBEAZS
HHT, VETO {7 B O B 1 IR 22 ¢

HiE /mV




r P
+ &, 5

F5E R GIS A8 Hish VETO W% S LT 4T - 47 -

VR, WH 2 GIS [P UE R st H AT
HARGHE T VFTO WHEG A & 71, ot
VFTO Wi KIEfE, 2583 VFTO &4 1 2] 2 4>
VB I, I IS [P 3% 5 | P SR RS N s AN B J
CAWFFUER X VFTO 156 1% L & GIS A2 Lt
SIS 7 LA TG R, VETO 4 B JEAERT Y
W& B, ARSI VETO KR8 i iR 11
L VFTO P ARG VETO \] BE IR,
A 2 AT B 4T
2.1 g[EEME

BT PR IRATAERERE S 73, A FIAR B
AR B 25 F 5742 VETO i b i s i e 9 n] fig
#& VFTO WA BN = AR S i R 2 — . &
XPIZASRL,  H T Y AMIF ST N 5 22 1 2 ] 5 H B
R Bl A A BRI, o [ RSt 38 A SS9
PE THRERE GIS B I 5 I kol 28 e A4 I H AR
B, (PR, IZERRE R RS E py K
I AV 16T BH AR I i o

R= Ri % e—z/rl + 9461063 % poA24 « 1—09 .et/rz (1)
A RONAZOIRAS FHIHBH; BHIHEL o 2ee K
T 1y, TS BB AE T 28 5 — BN R) Y SRR R AR
o EERREIIE BTk, R — X 107 Q,
TR 2 ps, 2 pso

W00, TFESIE G VETO Y% JE 520 1)
WL, ity R, HA YR T SQn, 4
M AN RN CIE SR WAL s N B D I E S =
HRH, — 7 T2 R R =R, TOEUER VAN
ARG N ) VFTO MEAE/KE, (BRI, JlE
HLRH A 5 Q I HOE HL K AHAT 2 Q 25 % 8%
T3, 80 H B A B SR AN AE, L
TCAR I 2% W SE2 o A R il B8 25 T % 1 93 L BH 2 2
FIhn. B, JGEBEAGENE R VETO W IE
1) = BRI R 25
2.2 BXNBETFRGISTE

WA\ T GIS FIEH IMEH &S0
FERAY RIS %, MB RS AR . i1
5N GIS B8 W A AT, (E48% 1 4b
N BT AFAE H i, H RGN TEM P akifE
TEM 3%, Afig AL AA I R SR AL N 4e s+
TE TEC Andk ot e RGBT A8 AR (1) A2 ) b F
7, (AHHAMRE MRS, HAEH TR
ERG W

SRR L k7 AR T vt X Bl
FH AL T GIS FEHATH I 0, WEEH
ARk 1 Ab K BT 58 R A IR AR S B . 43 BT 1%

BOEE, AR TE A1 5e 5 o0 AT TR )
L2, T E K AR VETO X PRr s i A %
T 5, 2% L8 AT B R AR R A,
DRI, BRI T i FH S5 00T 1 2 R iy e A
RURAEAL
AL 2 [F) S R R B S FL A A
C, - 2ne

ln(a )
rw

Krb: e NS Z WM RN G - s
S Rm); o, AN SRR m).

e s GIS #iE N SR H 90 mm, AhF44k
FATRHL 440 mmo WY 7RI SFe I, SLERLAACRE
M2 A C, =35.1 pF/m .

H T A 1 I FREE M v EFE Ansys F2F
4 2% JEAT A L, A7 3045 2 1 FE 3 23 A1 1 DL L
K 4.,

2

ANSYS

e
stEP1
stB =1
TiM T ot s
fo | GIS{in |
e

I b

it

LRRE |
| |
I T 1
A1 b IR X
4€.357 1035 2024 3012 4001
540.73% 1539 2518 3507 449

B4 BRBGETRIAHTH

Fig. 4 Electric field distribution of basin insulator
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