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Fig.4 Extraction results of clustering analysis with
suspension discharge partial discharge signal
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Table 5 Equivalence rule of pulse injection with

different coupling modes and UHF signal
of actual partial discharge defects

JAL IMF J5i2%
META M./% M,/%
AR A 4.06 12.22
WOFA kA 4.23 13.76
WA PkiEA - 535 14.16

SYMTEE 5 RAL, Horp g B o AR S
SRR R UHF {5588 200 fe e, BRGCHE B9 48 8K
PEFE B 7 4908 1 B KAA B /N, 43 1 2l 4. 06% Fi
12.22% . PNE K PR ABEAELJR I, JH ™ A= 1 e 1 D
G5 AU GIS W 20 2 4%, i
Wl S RV A 5 S B GIS PN P e 5 i 38 Sy A
o MANE Bk AT A R IR S, B e AGE
4 G TR G HEA GIS R, Hifs S 1446
Y5 GIS NS ERIE RO 22 38K, 0N B UHF 13 Ak
PSR 5 S B R A R B R . HE— 2 A
5 0THN, AR T4 R B RO =Xk o AR AT
B A SR RIS, (HOR A 2ZE 3N, X F L
UHF J5y 550 50002 5 g ik e AR, o v 6 0 4
J& i i MOT 3R 2 s 2 T Rk A

4 £

(1) T4 5 T 2 B8 25 70 i 1 AL IMF
() UHF {55350k o0y i, fif ok 77 IMF N H30E 57
(14 T AR 5 RIS 3 25 S 5 R PRS2 T, R T AIASL
IMF 3% 0] %€ B0 HT AN ] UHF {55 SRl 42
UHF {5 555800 o Mrfy 2t o

(2) AHEL T A4 2 1R LR, XLA
UPK i AR AL, 04 =) T 45 592 P B 7 Bk B JR i UHE
{5 T R R o UHE Jay 7 2 1 002k 8 47 4
TR R BE 14 R TR B R R (57 D REAGLIN , m SR FAE
TE S JORUAE Bk o A A% s AL g AR 52 B
BT

(3) AEFEE I =0 AR, N R4
J& BRIk i A UHF {55 5 52 R Ry ck B ) UHEF
F T BN IMF S350 P48 AR AR 22 A R BICR ik
R AR R O B UHE JRy e s I 25e & D R A
AR SE e RN B UHF MRk i A RO Jo 46
JER 0l GV TR Ve ik 2 SR R UAE 3 QUIRE WA - 3 =B
PEDESR F KA
S 3k
(1] 25, e gm0, 45, A8l B A e R I 5 RS B R
Fe i LT]. m e ER A ,2020,46(9) :3097-3113.
LI Peng, BI Jiangang, YU Hao, et al. Technology and application
of intelligent sensing and state sensing for transformation equip-
ment[ J]. High Voltage Engineering,2020,46(9) :3097-3113.
VIO, X TAR  REELL , 55, 380 GIS 444k TR W2 K% 4
Jm ORL 1) 12 2l AR FR R AR (T ] b R AL AR R R,
2019,39(14) :4315-4324 ,4334.
XU Yuan,LIU Weidong, CHEN Weijiang, et al. Motion charac-

[2

[}

teristics and partial discharge characteristics of submillimeter
metal particles on the surface of AC GIS spacer [ J]. Pro-
ceedings of the CSEE,2019,39(14) .4315-4324 ,4334.

[3] TENBOHLEN S,DENISSOV D,HOEK S M, et al. Partial dis-
charge measurement in the ultra high frequency (UHF) range
[J]. IEEE Transactions on Dielectrics and Electrical Insu-
lation,2008,15(6) :1544-1552.

[4] BOECK W,ALBIEZ M,BENGTSSON T, et al. Partial discharge
detection system for GIS: sensitivity verification for the UHF me-
thod and the acoustic method[ J]. Electra,1999(183) ; 75-87.

(5] EIZKAEIIR. 78 BB 38 7L M DKE A S M 28 4 7840 R
PR 2025 4 8 s PR O O 18 8 Jm 8 TS0 Fh A 1o A0 2 M 00 2B
DL/T 1432.4—2017[ ST. 4650 = e 47 ik, 2017.
National Energy Bureau of the People’s Republic of China.
Testing specification for online monitoring device for transforma-
tion equipment. Part 4:on-line partial discharge monitoring de-
vice for gas-insulated metal-enclosed switchgear based on ultra
high frequency: DL/T 1432.4-2017[ S]. Beijing: China Electric
Power Press,2017.

[6] GAO W S,DING D W, LIU W D. Research on the typical

partial discharge using the UHF detection method for GIS[ J].

IEEE Transactions on Power Delivery, 2011, 26 (4) . 2621-

2629.

HOSHINO T,MARUYAMA S,NAKAJIMA T. Development of a

—
~
[

loop-type partial discharge sensor embedded in insulation mate-
rial of a 245 kV-class GIS[ C]//PES T&D.Orlando, FL, USA.
IEEE,2012.1-6.

(8] %55, HbSE%, &1, . GIS RN G T 2540 Rl e
T E S I AR I S B S [T ] R LA, 2021, 57
(9) :95-101,108.
YANG Yong, SHAO Xianjun, JIN Yongtao, et al. Influence of
spacers structure on ultra-high frequency partial discharge signal
leakage characteristics [ J]. High Voltage Apparatus, 2021, 57
(9) :95-101,108.



U ER TR

102

[9]

[10]

[11]

[12]

.ﬁ
—
N

fat

[15]

—
—_—
~

[

[18]

BONE, B, ERE A SNE S URF AR5 5 A JT
BIRIATHERTSE [T]. RS ,2015,51(5) . 71-76.
LI Xingwang, LI Liang, TANG Zhiguo, et al. Feasibility analysis
of radiating UHF verification signal through small hole in metal
flange[ J]. High Voltage Apparatus,2015,51(5) :71-76.
ITO T,KAMEI M,UETA G, et al. Improving the sensitivity veri-
fication method of the UHF PD detection technique for GIS
[J]. IEEE Transactions on Dielectrics and Electrical Insula-
tion,2011,18(6) :1847-1853.
FHA PR, TR, G5 L7 TR T GIS 4% Al ER
UHF 15 S 3E 8 T]. SRR E%,2023,59(11) :193-200.
WANG Qilin, GONG Junqiang, ZHANG Wen, et al. UHF
signal propagation characteristics of GIS insulation gap under
"L shaped” test section[ J]. High Voltage Apparatus,2023,59
(11) :193-200.
RN KRR S, REWE, 5. 252 kV IS J5) #4543t
O AE ELE A L BZS A AL R R R e 5 0] i I
78 ,2022,58(7) :223-228.
WU Yunjie, ZHANG Hongliang, WU Junhui, et al. Experi-
mental research on propagation characteristics of 252 kV GIS
partial discharge UHF signal in straight line and L-shaped
structure[ J|. High Voltage Apparatus,2022,58(7) :223-228.
LI Q,QIU W B,CAI K S, et al. Influence of GIS structure on
propagation of electromagnetic waves of partial discharge
[C]/72011 IEEE Power Engineering and Automation Confe-
rence. Wuhan,China. IEEE,2011.128-135.
SCHICHLER U, KOLTUNOWICZ W, GAUTSCHI D, et al.
UHF partial discharge detection system for GIS: application
guide for sensitivity verification[ J]. VDE High Voltage Tech-
nology 2016 ; ETG-Symposium,2016;1-9.
WP, BOEE , 240, 45 TEABK 5 R # ik B UHF {55
RIS LT [T]. %K ,2020,41(4) :45-50.
XU Xiaoging, DUAN Yuting, PENG Jing, et al. Simulation re-
search on equivalence between UHF signals caused by the
pulse injected into GIS and actual partial discharge UHF signal
inside GIS[J]. Computer Engineering & Software, 2020, 41
(4) .45-50.
i, AR B, 2 N D R Bk b 55 R iR, UHF
EESHSERCIE AT [T MR AR, 2014, 38 (10) = 2900-
2904.
LI Duanjiao,ZHENG Shusheng, LI Liang, et al. Analysis on e-
quivalence between UHF discharge signals caused by voltage
pulses artificially injected into GIS and that caused by actual
partial discharge signals inside GIS[J]. Power System Tech-
nology ,2014,38( 10) :2900-2904.
AV 5 AT, B, 2. GIS Rl s 4 i AL I
W RAEDT ST T]. )7 AR J1,2013,26(9) :55-60.
LI Xingwang, LU Qifu, TANG Zhiguo,et al. Study on receiving
characteristics of the UHF sensor for GIS partial discharge[ J].
Guangdong Electric Power,2013,26(9) :55-60.
SHENT, T, BN, 5. GIS 45 i AL I S A R B A 2K
SR ZE([T]. PEE,2018,51(12) :101-106,113.

[19]

[20]

[21]

[23]

[25]

[26]

(27]

GONG Yanpeng, PENG Jiang, BI Jiangang, et al. Study on fac-
tors affecting validity of field calibration of GIS UHF sensors
[J]. Electric Power,2018,51(12) :101-106,113.
RESE, M T RE, SF. R A A A R
GG I GIFAE PR L] B EHL 2%, 2018, 54 (1)
48-54.

TANG Zhiguo, WANG Haiqing, HE Ninghui, et al. Field cali-
bration and evaluation of partial discharge UHF sensors and
detection system[ J]. High Voltage Apparatus,2018,54(11):
48-54.

TOBAR, B SO, R TLZR. GIS G5 i R Joy 3 il . 465 7 4
SR T]. BREAR,2013,37(10) :2850-2854.

DING Dengwei, GAO Wensheng, LIU Weidong. Influence of
structure dimension of GIS on UHF signal of partial discharge
[J]. Power System Technology,2013,37( 10) :2850-2854.
T8, FEIR, T SO, S5 GIS H LR R0 e (AT i i
Bt [J]. S EHR ,2014,40(10) :3243-3251.
DING Dengwei, TANG Cheng, GAO Wensheng, et al. Frequ-
ency attributes and propagation properties of typical partial dis-
charge in GIS[J]. High Voltage Engineering,2014,40( 10) :
3243-3251.

TR, R TR, e SOy v 0 e A 242 Bk o ) 0 R 5
LRI ARl )R R ( B ARBR AR , 2019, 46
(2):76-82,90.

XU Yang, LIU Weidong, GAO Wensheng. Measuring, distin-
guishing and recording methods for partial discharge pulses
with low repetition rate [ J]. Journal of North China Electric
Power University ( Natural Science Edition) ,2019,46(2) ;76-
82,90.

PR R XU AR, 45 JE T S B O AR Y
IR I [T ], m A RS AR, 2016,42(12)
4020-4025.

YAN Yingjie, SHENG Gehao, LIU Yadong, et al. Anomalous
state detection of power transformer based on algorithm sliding
windows and clustering[ J]. High Voltage Engineering,2016,
42(12) .4020-4025.

FAN C D,DING C K,ZHENG J H,et al. Empirical mode de-
composition based multi-objective deep belief network for
short-term power load forecasting[ J]. Neurocomputing,2020,
388(C) :110-123.

JRMESE 2R, T AN, 2 3 DA R AL BE i b £ 5 8l B2 24
TR PR A RS [T ] o [ v AL L AR 2741, 2020,
40(13) :4092-4102.

ZHOU Renjun, LI Bin, HUANG Jingjie, et al. Source-load-stor-
age coordinated optimization model with source-load similarity
and curve volatility constraints[ J]. Proceedings of the CSEE,
2020,40( 13) :4092-4102.

MOON Y S, WHANG K Y,LOH W K. Efficient time-series
subsequence matching using duality in constructing windows
[J]. Information Systems,2001,26(4) :279-293.

SEAG  RERTA 1 1 1, 2. SR P BRI 285 5 ) 97 7 b 2k
AR RIS [T]. V9438 R 241, 2022, 56 (1) -



103 KUK 55 - GIS A& I R ARt i IMF el 55 55200k

165-176.
DANG Qian,CUI Ajun,SHANG Wenbo, et al. Affinity propa- YEH i
#HyKpK(1987) , 55, {4, BIBIESE 01, BF Y
7 ) g v ) A AR MW N 5 RIS I e
i 515 ( E-mail ; bndong@ 126.com) ;
Z2RE(2000) , B, A%+ A8 352, AF5E 5 1k

gation clustering method of typical load curve with Euclidean
morphological distance[ J]. Journal of Xi’an Jiaotong Universi-
ty,2022,56(1) :165-176.

(28] JHHE e, 224 0, 45, B AR JR s e A U IR
WHRLER[T]. S EHAR ,2017,43(7) :2263-2277. GIS TEL W 5 Hi 12 i 5
TANG Zhiguo, TANG Mingze, LI Jinzhong, et al. Review on EEE(1997) B R AE i, WET T 1A
partial discharge pattern recognition of electrical equipment # KK GIS TEL I S5 H B2
[J]. High Voltage Engineering,2017,43(7) :2263-2277.

The equivalence of weighted IMF partial discharge signals

pulse injection by different coupling modes in GIS
DONG Bingbing', LI Kang', GAO Changsheng', LIU Guanke®, DAI Xiliang”, XIA Yunfeng’
(1. School of Electrical Engineering and Automation, Hefei University of Technology , Hefei 230009, China;
2. Dongguan Power Supply Bureau of Guangdong Power Grid Co.,Ltd.,Dongguan 523008, China;

3. Power Transmission Operation & Maintenance Branch,Hainan Power Grid Co.,Ltd. ,Haikou 570100, China)
Abstract : Pulse injection to simulate partial discharge (PD) is the main method for functional verification of gas insulated
switchgear ( GIS) ultra high frequency (UHF) PD monitoring device. Due to the different coupling modes of pulse injection in
field verification, the equivalence law between simulated PD and actual PD is not clear, and the effectiveness of functional
verification of monitoring device cannot be guaranteed. In this paper,a typical PD defect ( tip,suspension,insulator bubble) and
internal/external pulse injection UHF PD detection platform for 126 kV GIS are established, and the effective pulses of UHF
signals are normalized and extracted. Then a signal processing method of weighted intrinsic mode functions (IMF) based on
empirical mode decomposition is proposed. The signal equivalence is characterized by calculating the average and maximum
values of the Euclidean distance of the signal ,and finally compared with the conventional signal deviation method. The research
shows that compared with the conventional signal equivalence analysis method, the weighted IMF method can effectively solve
the problem of large local difference of UHF signal waveform. The internal sensor pulse injection analog PD and suspended PD
have the highest equivalence. The average value M, and the maximum value M, of Euclidean distance are 3.82% and 10.28% ,
respectively. Therefore ,the function verification of UHF monitoring device can use constant parameter pulse injection instead of
suspension defect,and the internal UHF sensor injection can be preferred for analog PD. The research in this paper can provide
reference for the pulse injection method for the function verification of UHF PD monitoring device.

Keywords : pulse injection ; partial discharge simulation ; empirical mode decomposition; signal equivalence analysis ; intrinsic

mode functions (IMF) ; Euclidean distance
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