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ABSTRACT: Along with uprating the voltage class of the 10kV
switchgear the electromagnetic compatibility (EMC) between
the high-voltage components and the low-voltage smart devices
becomes increasingly prominent, and the breaking of the circuit
breaker inside the medium-voltage switch cabinet is regarded

as the source of the most severe electromagnetic interference,

because it could lead to the failures in the secondary control 31.25~62.5 MHz
devices, therefore it 1is significant to research the 15.625~31.25 MHz
electromagnetic interference on secondary smart devices 4

caused by breaking the switchgear. The oscillation mode of
synthetic test circuit is used to perform breaking test of 10kV
switch cabinet and the acquisition of the output current signal
of CT and the input current signals of smart control devices and DOI' 10.13335/].1000-3673.pst. 2015.01.017
bay smart units are carried out simultaneously. The 0
time-frequency analysis on the acquired signals is performed to

obtain the frequency band and the energy distribution situation

of the interference signals. Test results show that the breaking

of the switchgear leads to the transient electromagnetic

interferences on CT’s secondary side, smart control devices and (1]
bay smart units; the interference frequency band during the

breaking and arcing process is mainly within the range from

15.625 MHz to 62.5 MHz; the maximum amplitude of the

interference is four times as large as its normal value.
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Tab.1 Parameters of test circuit CCB
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2 CT
Tab. 2 Characteristic energy and coefficients of variation
for waveform of area
34
E; ( )Ex Eo/E,
a5 0.999 994 58 0.999 990 896 1.00 CT
ds 4.76x10° 6.51x107° 1.37
d4 5.56x1077 9.35x1077 1.68
d3 8.37x107* 1.62x107° 19.35
d2 1.56x107 2711078 1.74
d1 6.73x107° 7.01x107° 1.04
2 4(b) 5(b) 6(b)
db5 6 FFT
3 CT
d4
d4 100 MHz
15.625~31.25 MHz 31.25~62.5 MHz
[16]
TRV
dl ds TRV 6(a) 6(b)
125~250 MHz 7.8125~ dbs 6
15.625 MHz TRV 4
TRV 1
3 CT
Tab. 3 Characteristic energy and coefficients of variation TRV
for waveform of area
E E,E; Esy/E,
L E:  ( Es ‘ CT
a6 0.99787762  0.976 630 77 0.894 58446 09787 0.92
d6  1.17x107* 2.92x107* 1.59x10° 2496 545
d5  532x107° 1.44x107* 2.84x107% 2707 197.22 4
d4  1.55x107 1.73x1072 626x102 11161 3.62 Tab. 4 Characteristic energy and coefficients of variation
3 3.85x10™* 5.44x107° 1.24x102 14130 2.28 E, E, E,/E,
d2  1.56x107° 1.44x107 433x107* 9231 3.01 45 0.894 584 46 0.984 971 64 1.101 0
d1 1.14x1077 7.91x107° 2.06x107° 0.694 260.43 d6 1.59%x107° 321x107* 0.201 9
33 ds 2.84x107 1.90x107° 0.066 9
: d4 6.26x107 1.17x1072 0.186 9
CT d3 1.24x1072 1.04x107 0.083 9
d2 433107 2.46x107° 0.056 8
d1 2.06x107 3.95x107° 0.191 7
3.5
CT
CT
TRV
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TRV
15.625 MHz

15.625~31.25 MHz
125~250 7.812 5~
CT



115

39 1
4 L; .
[T
4.1
C; Ci—= GC=—
7 T
L
8
Fig. 8 Equivalent circuit diagram of high frequency
( conducted interference
) C i
14-16
[ ] TB Cy
kHz~ MHz du
MHz~ MHz = UE 9)
i
z CB 9
I
= ml CT
7 CT
Fig. 7 Equivalent circuit diagram of breaking arc
TRV
( )
8 CT
21
1] G L ¢ G
Z, Cr
Cx Cx 125 ; ; ; 75
S PO I T o
ZD § 025 / - .0 é;
£-025 e s g
i _ ZS ' ZD I (6) 'H'.—0.75 [REERRURUUS SUUURPRRRRE SRRRROY! DS 1 _s0
' Z,4Z, Zy+jeCy +Z,+Z, 125 SN s
-5 0 5 10 15
1 t/ms
. (ij +Z,+2,)-Z, 9
— 2N
Z, = “oC ‘oC + (7 Fig. 9 The arc voltage waveform of breaker
JoLy + oLy +Z,+7Z, +Z
. 2 L D 4.2
Jon :
Z
1 (®) TRV

Z =—o0
1+jwC,Z,



116 10 kV

Vol. 39 No. 1

[22]
1
[3,23]

2

[22]

[11,24]
3
C )
CT
[25]
4
TRV
TRV
[26]
5
1
4
2
CT
CT
31.25~62.5 MHz

15.625~31.25 MHz

3 TRV
125~
250 MHz 7.812 5~15.625 MHz

4 KYN28A-12

(1

(2]

131

(4]

(6]

(7]

(8]

(9]

(10]

(1]

CT
5
CT
6
9] 2010 34(9) 21-25

Han Shaigen Zhang Chongle Deng Hongfen et al Analysis on
electromagnetic interferences of high-gradient strong magnetic field
due to steeply dropping high current in intelligent power distribution
equipments[J] Power System Technology 2010 34(9) 21-25(in

Chinese)

[J] 1997 21(3)
72-75
Yang Yinmei The electromagnetic compatibility problems in
substations part two[J] Power System Technology 1997 21(3)
72-75(in Chinese)
[1]

2003 27(2) 63-67
Chen Baichao
grounding mode of cables in secondary circuits of substations[J]
Power System Technology 2003 27(2) 63-67(in Chinese)
Fujimoto N Boggs S A Characteristics of GIS disconnector- induced

Liu Fan Bian Ligang Discussion on shielded

short risetime transients incident on externally connected power
system components[J] IEEE Trans on Power Delivery 1988 3(3)
961-970

Meppelink J  Diederich K Feser K
GIS[J] IEEE Trans on Power Delivery
Wiggins C M Wright S E
substations[J] IEEE Trans on Power Delivery 1991 6(2) 591-600
Wiggins CM  Thomas DE Nickel F S Transient electromagnetic

et al Very fast transients in
1989 4(1) 223-233

Switching transient fields in

interference in substations[J] IEEE Trans on Power Delivery 1994
9(4) 1869-1880

ARIN Blumer W Transient electromagnetic fields due to switching
power system[J] IEEE Trans on
1987 29(3) 233-237

Measurement and computations of

operations in electric
Electromagnetic Compatibility
Daily W K Dawalibi F
electromagnetic fields in electric power substations[J] IEEE Trans on
1994 9(1) 324-332

Rashkes V'S Ailes L D Very high frequency overvoltages at air EHV

IEEE Trans on

Power Delivery

substations during disconnect switch operations[J]
Power Delivery 1996 11(3) 1618-1623

[J] 2001 27(4) 35-37
Li Qingquan Li Yanming Niu Yamin Transient electromagnetic

field caused by the switching operation in substation and its



39 1

117

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

protection[J] High Voltage Engineering 2001 27(4) 35-37(in
Chinese)
500 kV
[J] 2004 24(4) 133-138

Lu Binxian Wang Zezhong Li Chengrong etal Transient electric

field measurement and research of 500 kV substation’s switching

operation[J] Proceedings of The CSEE 2004 24(4) 133-138(in
Chinese)

500 kV

[ 2005 42(6) 41-43

Hou Jun Wang Jianguo Rao Zhangquan etal Testing and analysis
of interference signal of current transformer’s secondary side when
the disconnector switch of 500 kV is operating[J] Electrical
Measurement and Instrumentation 2005 42(6) 41-43(in Chinese)

Heydari H Abbasi V. Faghihi F
electromagnetic interference on low-voltage cables in substations[J]

IEEE Trans on Electromagnetic Compatibility 2009 51(4) 937-944

Hardt N Koenig D  Overvoltages in secondary circuits of

Impact of switching-induced

medium-voltage switchgear generated by multiple reignitions of
circuit breakers[J] IEEE Trans on Electromagnetic Compatibility
1999 41(4) 510-515
Burger D Tenbohlen S Ko&hler W Impact of multiple restrikes at
vacuum circuit breakers on the EMC of medium voltage
switchgear[C]/IEEE International Symposium on Electromagnetic
Compatibility Roma Italy 2012
GB/T 4473—2008 [S]

2008

]
2012 48(1) 25-34

Sun Peng Zheng Zhicheng Gao Xiang Arc fault detection method
based on wavelet analysis[J] High Voltage Apparatus 2012 48(1)
25-34(in Chinese)

[J] 2008 20(5)
Yang Shuying Wang Lihong Du Ronghua et al

106-111
Selection and
application of mother wavelet in the electric power system transient
protection[J] Proceedings of the CSU-EPSA 2008 20(5) 106-111(in
Chinese)

[J] 2010 46(7) 46-56
Sun Peng Dong Ronggang Zheng Zhicheng Technology research

of arc fault diagnosis based on wavelet analysis of signal

(21]

[22]

(23]

[24]

(23]

[26]

characteristics frequency band energy ratio[J]
2010 46(7) 46-56(in Chinese)

High Voltage
Apparatus
[D]
2007
[

2008 36(15) 6-9
Huang Yizhuang EMC technology for IED in substations[J] Power
2008 36(15) 6-9(in Chinese)
]

System Protection and Control

2007 27(9) 46-51
QiLei Cui Xiang Prediction of electromagnetic interference on the
shielded cable due to the switching operation in substation[J]
Proceedings of The CSEE 2007 27(9) 46-51(in Chinese)
() ]
1997 21(5) 67-74
Yang Yinmei Electromagnetic compatibility in substations( )

measures for electromagnetic interference rejection[J] Power System

Technology 1997 21(5) 67-74(in Chinese)
[1
2010 25(1) 19-23
Zhao Zhihua Zhang Xiangming Li Jianxuan et al Cancellation
method to control mutual-inductance coupling EMI[J] Transactions

of China Electrotechnical Society 2010 25(1) 19-23(in Chinese)

1] 2010 34(10) 43-48

Shu Shengwen Ruan Jiangjun Huang Daochun et al Dynamic

voltage-sharing measures for vacuum circuit breakers with triple

breaks[J] Power System Technology 2010 34(10) 43-48(in
Chinese)

2014-06-10

(1989)
E-mail
lipeng19891102@126.com
(1976)
E-mail huangdc99@163.com
(1968)



