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Fig.2 Measurement connection diagram of partial
discharge pulse current
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Fig.3 Typical partial discharge models
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Fig.4 Statistics of rise-up time of partial
discharge pulse currents
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Fig.5 Waveforms of nor malized pulse currents

0 —— EIHE 6.2 ns
—— B TR 0.6 ns
-20
g 40
g
@*60 1‘ i W
= ﬂ‘w” Bk
-80 ‘ I I”““
-100

p)() ENNY B
0 020406 081012141618 2.0
A /GHz
B 6 RkimER g

Fig.6 Spectrogram of pulse currents
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Fig.7 The amplitude of TEV signal simulation
results at each measurement point with
different positions of discharge
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Fig.8 Dynamic propagation process of partial
discharge signal in cable chamber
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Fig.9 Dynamic propagation process of partial
discharge signal in busbar room
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Fig.10 The amplitude of TEV signal simulation

results at each measurement point under
different rise-up time of pulse current
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Fig.11 The amplitude of TEV signal simulation

results at each measurement point under
different directions of pulse current

HI P 1L R, ko e S R T 1o X 25 UL A Y
TEV {55 5 {E 3 W 52/ DLW 36 S 9] 73 Hr
TEV {55 (IR EAZ 1k, 5 ik vh B 3t 77 10 9y 7 1) 15



2 HEHEAR 228

fR S MR IR, 24 Bk ol B R 7 1) 9 2 97 1) B A5 1
{EfN BB LN EH 1 2.5 ff.

3 FFXRERMBHMERE S

31 HBESWNETE
FESER 2 R T I J T S A SRy i A i 5
R oI BRI 12 PR, RAABERT Rk
Xt Jey v I L ke I A TR i o g T A Jok o R O L TEV
[ IR BAS A2 (9 15 5 5 T i [R] 28 R R A5 5 O .
P13 ST A R AR R e e o a8 s i Y
S8 YD120/10, 78 i 25 1 5 o PICO-6407A, TEV
s 5 I AR i 2 14 7R o
Ty Ry
LR

B B

ky £

B 12 SE RIS EmE i
Fig.12 Partial discharge test and measurement circuit

o R

= - !
() FFIHMLTEV  (b) SR AR 5 ik
fe s 2 B MRS o] %
B 13 AXERBHEREEE
Fig.13 Switchgear partial discharge test device

(a) TEVfEE%E

2 -15
= 20
e —
N 25
=
= 30
735 3 ‘4 IS Iﬁ I7 ‘8
10 10 10 10 10 10

B /Hz
(b) TEVAL G i il 2k

14 TEV fERZR 54 RE M 2%
Fig.14 TEV sensor and its performance curve
3.2 FEPMEIRATEMER TEV fRESImAINIK
K Jo I TR L R TR S0 A A B 5 R B

PATIE . FEE 1 AR B IF AR S 6 A s
TEV {55, I ER 9.5 kV I, AR FFE 1Y
{57 o TR L SR B F AL A R M, 4% WL R
G300k 100 AAE 5 P , 132 U R WRAEL, B J5 R
100 M RAERY-F-2IME, B 15 Jy TEV {5 SR {H-F- 14
HMGETTH25 R

0.045 ‘
0.040 | m ié%é
_ 0035 |
Fo00}
1= 0.025

Jut

fiad
A 0.020 |

2 0.015 |
F
0.010
“HEEEEER
0
1 2 3 4 6

5

B A

E15 AEMEBEMLETENES TEV ESIEE
Fig.15 The amplitude of TEV signal at each measure-
ment point under different positions of discharge
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Propagation and attenuation of TEV signals by partial

discharge in high voltage switchgear
LIN Yifu', YE Zhaoping', LIU Dongchen®, CHEN Xue', ZHENG Shusheng’
(1. State Grid Fujian Electric Power Co.,Ltd.,Fuzhou 350007, China;
2. North China Electric Power University (State Key Laboratory of Alternate Electrical
Power System with Renewable Energy Sources) , Beijing 102206, China)

Abstract : High sensitivity in condition monitoring is a key link in digital electrical equipment operation and maintenance,
besides, it is also an important premise of status analysis and life cycle management. The partial discharge (PD) transient earth
voltage (TEV) detection is the primary mean to insulation state perception of high voltage switchgear. The detection sensitivity
of TEV method is affected by the type and location of the defect,the location of TEV detection. However, there is no systematic
research on this subject by now. A finite difference time domain (FDTD) electromagnetic wave simulation model based on the
measured pulse current waveform is established. The stuexplores the effects of factors such as the rise-up time of PD pulse
current waveform, the position of discharge source,and the direction of pulse current on the amplitude and attenuation degree of
TEV. A series of PD tests and TEV measurements are conducted in a laboratory setting to identify the primary factors
influencing TEV detection sensitivity. The results reveal that both the rise-up time and spatial position of PD significantly affect
the amplitude of the TEV signal. Specifically,the amplitude of the TEV signal exhibits a decreasing trend as the pulse current’s
rise-up time increases. Notably,a tenfold increase in the rise-up time results in a decrease in TEV signal amplitude within the
range of 3.17 to 3.37 times. Furthermore,the TEV signal’s attenuation degree in the busbar room compartment is approximately
9.5 to 10.0 times greater than that observed in the cable compartment. This conclusion has reference value for testing the
sensitivity of TEV detection.

Keywords : high voltage switchgear; partial discharge; propagation characteristics; finite difference time domain ( FDTD )

method ; pulse current ;transient earth voltage (TEV)
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