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Intelligent Inspection and Location Technology of GIS Partial Discharge and Its Application

NIU Bo, MA Feiyue, DING Pei, CHEN Lei, WEI Ying, WU Hong, MA Bo
(Power Research Institute of State Grid Ningxia Power Co., Ltd., Yinchuan 750001, China)

Abstract: To detect the insulation defects existing in the GIS operation process in time, this paper designs a substa-
tion GIS partial discharge intelligent inspection and location system based on the substation inspection robot and the
live detection equipment. The GIS partial discharge inspection system acquires the partial discharge signal detected
by the internal UHF sensor through the UHF intelligent detection system, and then communicates with the inspec-
tion robot equipped with the collection terminal by wireless communication. Upload to the cloud to achieve long-term
tracking of partial discharge signals. The GIS partial discharge location system designs a set of high-precision fast
sound and electric joint positioning system through Labview and Matlab, which is based on the GIS cylinder struc-
ture, the frequency and speed difference of the acoustoelectric signals, and the wireless communication function of
the positioning oscilloscope. The experiment demonstrates that the GIS partial discharge inspection and location sys-
tem has high detection flexibility and location accuracy, the technique can be applied to the tracking and location of
PD defects inside the electrical equipment during live detection.
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Fig.1 Flow chart of GIS PD intelligent inspection
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PD signal
22 fESHEERRIEIT
A HIL g A8 A 1o A v 0 S A S T 2 E

AR B 5 5 3 I 2 S AL (R PE B e, SR AR B
il it 4G JGER W 45 14 77 AR OR RER AR A X /Y
Bt 1 52 BUBCE 89 0 A A7 s B AR AR L
FEARILE 3,

S RER T
fbh
— FLhi@ S
® [ERER
b oA ¥
! O AT
] EE >
B w [ e
EE *E 11
wl | * .
7 R EAE
H 1]
— Al
ik
ZFE
(a) Bit£EHE (b) S24E

B3 ESElckERIT

Fig.3 Design of signal receiving device module
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Fig. 5 Flow chart of GIS UHF PD inspection
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Fig.7 Model of acoustoelectric position in GIS
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Table 1 Acoustoelectric position test results
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1 (19.2,13.1,29.3) (-11.63,6.44,6.07)
2 (17.4,12.1,32.3) (-13.85,9.73,0.83)
3 (17.8,11.9,34.2) (-15.83,11.21,2.38)
4 (17.4,12.7,29.3) (-11.03,7.31,1.25)
5 (18.5,13.8,32.5) (-13.38,9.39,7.06)
6 (18.3,13.9,31.8) (-12.63,8.89,6.86)
7 (17.7,13.5,32.5) (-13.22,9.77,5.42)
8 (19.7,11.7,28.7) (-14.37,7.83,5.57)
9 (20.8,11.5,29.5) (-13.65,5.76,6.32)
10 (18.7,12.4,35.7) (-17.32,12.16,2.43)
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53 175 AL IR S ARSI 25 SR R 7 14tk 4 7
B 14(a) e fRARIRIEIZ T E R AL TR MM
IVADACW-&E o0 CiN: N VY GRS R AN 29851 ¢
HUA DL 14(b).

I 1A LR E 45 R 5 K 14(a) | (b) 5
GIS i pASE SR, IR 5 5 (3 1058 L 45 R 5 GIS N
P SR e L B AH AT, LA 5 e A ke I RS BE, BRI
T ICR et GIS B Jm B L R RIS RE AR
IOEIE Gy é

(2) JR BT FRLBRBE E 2 A bR

(b) fRAK SFHC A SRR i B
E14 REBSBHBAE

Fig. 14 Position of abnormal partial discharge
5 &5t

FEF Hwu AR Bl Rk LA N L GIS A N
B X v AL RS B GIS B 77 B WP 5T, Sehik
T —% GIS Jay B v 8 BB 7 R GE, it 3
YN A AT A a0 2548 -

1)iZZ 50 LSE R GIS iz 71 2 UHF {4 2% 4%
N R P A S B R B ) SR A R B O HL
55705 H Ul SR ML N A 5 R 8 B A RT A58 K GIS
VA PR HL (A R 2 S 6

)1 GIS WA HE Al -, 308 1 Xof o 350 i el 7 2 7
HLAE 5 2 (8] B A 25 5 5 ol B 25 S o, 11 17—
EEFXT GIS f RUGE #4175 LR & 8 1 R 40, IR R ]
LT BRS04 AT R 7 A
5558 07 RGO WAL GO ok S A HL AL A X
SENL TR



BARWE

A, B, TR, AR GIS Ry REAGRE R H A KT

+195-

Sk

(1]

(3]

[4]

(6]

(8]

AN WY XN , 5 B R S A I AR
WRPEJ. W HRFAR L 2015, 41(8):2583-2601.

LI Junhao, HAN Xutao, LIU Zehui, et al. Review of partial
discharge detection technology for electrical equipment|]].
High Voltage Engineering, 2015, 41(8): 2583-2601
PNEESL, BRI, AL, A5, kTR Rk (i B8 GIS
JRr BRI BRI, AR, 2012, 48(4):7-12.

SUN Shuguang, LU Jianguo, YU Huizhong, et al. Detec-
tion of typical GIS partial discharge based on UHF method
[J]. High Voltage Apparatus, 2012, 48(4):7-12.

REEE, B, e, & iR R R AR
SIBFSEEERT]. R, 2017,43(7):173-187.

TANG Zhiguo, TANG Mingze, LI Jinzhong, et al. Review
on partial discharge pattern recognition of electrical equip-
ment[J]. High Voltage Engineering, 2017,43(7): 173-187
TR, RO, XUTLAR. GIS &4 R X R il i R =
S WAL ERIEOAR , 2013, 37(10):2850-2854.
DING Dengwei, GAO Wenshen, LIU Wendong. Influence
of structure dimension of GIS on UHF signal of partial
discharge[J]. Power System Technology, 2013, 37(10):2850-
2854.

£, W], HEN, SE RN GIS R i A
WA W RERBETHI . 42 h1KE, 2013, 46(5): 74-79.
REN Zhong, DONG Ming, XIAO Zhigang, et al. Design of
ultra high frequency micro-strip patch antenna for detecting
GIS partial discharge[J]. Insulating Materials, 2013, 46(5):
74-79.

TG T +800 KV BB I
WIAE 5 0 5 40 0 5 AL BT, =5 R, 2018, 54(11):
245-252.

NIU Bo, MA Feiyue, ZHOU Xiu, et al. Analysis and treat-
ment of on-line monitoring abnormal signal in £800 kV con-
verter transformer[J]. High Voltage Apparatus, 2018, 54
(11): 245-252.

RO, B, P, SF. BETIOOEE N GIS J
TR Z FH AR RN =R R, 2014, 40(2):
465-473.

TANG Ju, ZENG Fupin, FAN Qintao, et al. Multifractal
spectrum identification of partial discharge in GIS based on
fluorescence optical fiber detection|J]. High Voltage Engi-
neering, 2014, 40(2): 465-473.

R, XV, 450, 4. B TR A AL AR 1Y
GIS JRyHASN 7 g FE L)) I UL T AR 2441, 2018, 38
(22) : 6760-6768.

HAN Xutao, LIU Zehui, LI Junhao, et al. Study on PD de-
tection method in GIS based on the optical and UHF inte-
grated sensor|J]. Proceedings of the CSEE, 2018, 38(22):
6760-6768.

(]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

PEERIR, S, ) I, AR T HLREAE SAL R
I 9 78 v il SRy R T R S 6 DT VR[], F TR AR
2014, 29(6):326-332.

HOU Huijuan, SHENG Gehao, SUN Yue, et al. The local-
ization method of partial discharge in substation based on
propagation and attenuation model of electromagnetic signal
[J]. Transactions of China Electrotechnical Society, 2014,
29(6):326-332.

2 M, WA R RS S R S A R
PRI CR] B EHOR, 2013, 39(2):348-353.
PENG Chao, LEI Qinquan. Relationship between charac-
teristic in time and frequency domain of partial discharge
ultra - high frequency signals and the radiation distance[J].
High Voltage Engineering, 2013, 29(10): 348-353.
RIS, BEAL, FRSEZE, . GIS R R R L 5
B 5 BT 5 RRAE 2 AR IR D). W R BOR 2017, 43
(12):4079-4087.

ZHU Mingxiao, XUE Jianyi, SHAO Xianjun, et al. Wave-
form analysis and feature extraction of partial discharge
UHF signals in GIS insulated switchgear{J]. High Voltage
Engineering, 2017, 43(12): 4079-4087.

HE S, DONG X. High-accuracy localization platform using
asynchronous time difference of arrival technology[J]. IEEE
Transactions on Instrumentation & Measurement, 2017(99):
1-15.

THOMAS R R, MAHARAJ B T, ZAYEN B, et al. Mulii-
band time - of -arrival positioning technique using an ultra-
high - frequency bandwidth availability model for cognitive
radio[J]. IET Radar Sonar & Navigation,2013,7(5):544-552.
BEOELBR W BIRE. I TREICAE SE L A
ASRE AR OC A ZR AR U [R] 22500, Th I L TR 2
#2,2009,29(19):125-130.

TANG Ju, CHEN Jiao, ZHANG Xiaoxing. Multi-sample en-
ergy correlation search for extracting time difference algo-
rithm for PD signal localization[J]. Proceedings of the CSEE,
2009,29(19):125-130.

oMW R, TADI, A BT R AR G Y SRR
HURE e LK o 5 A TH(D]. R TR AR, 2015, 41
(10):3320-3325.

TANG Lin, HU Yue, WANG Hongbin, et al. Time delay
estimation of partial discharge UHF pulse signals based on
interpolation correlation method[J]. High Voltage Engineer-
ing, 2015, 41(10): 3320 -3325.

ZHU M X, XUE J Y, ZHANG J N, et al. Classification
and separation of partial discharge ultra-high-frequency sig-
nals in a 252 kV gas insulated substation by using cumula-
tive energy techniquelJ]. IET Science Measurement & Tech-
nology, 2016, 10(4):316-326.

HARRIS R M, JUDD M D. Locating partial discharge

using particle swarm optimisation[C]//Universities’ Power



+196- 202041

Eudz

Hs5et 1M

Engineering Conference.[S.1.]: VDE, 2012:1-6.

(18] bl & &, £ f, 45 ARG HLAE AR RERK R

geicit BV ). TP EH T, 2018, 51(2):82-89.
PENG Xiangyang, JIN Liang, WANG Ke, et al. Design
and application of robot inspection system in substation[J].

Electric Power, 2018, 51(2):82-89.

[19] BP4R, 3k &, 2t 55 B ahbLas AT e A B v

TR L R HRRIR , 2017,43(1):282-290.

LU Shouyin, ZHANG Ying, LI Jianxiang, et al. Applica-
tion of mobile robot in high voltage substation[J]. High Volt-
age Engineering, 2017,43(1):282-290.

[20] X 7 ARWIE, B2 1, 45 5L TR AU [ B A

FL, 32t it Sl g S s v DN 1) D7 ¥R D). v R AL SRR R
2017,37(20):6126-6135.

LIU Qing, ZHU Mingxiao, WANG Yanbo, et al. Partial
discharge direction finding method for substation stations
based on UHF phased array[J]. Proceedings of the CSEE,
2017, 37(20): 6126-6135.

(21] K%, RWIBE, T, 45 ST RS R

A0 BR) A2 L it 3l SRS P RGN 5 E L TS T R R AL T
T2, 2017,37(10):6-18.

ZHANG Guanjun, ZHU Mingxiao, WANG Yebo, et al.
Detection and localization of discharge sources in substa-
tion area using movable UHF antenna array[J]. Proceedings

of the CSEE, 2017, 37(10): 6-18.

[22] BT, Wk, T A, % BT 25 mAR R

BREIZW RS mH SR, 2015, 41(12):3895-3901.
WANG Youyuan, CAI Yanan, WANG Can, et al. Intelli-
gent diagnosis system for substation equipment based on
cloud platform[]J]. High Voltage Engineering, 2015, 41(12):
3895-3901.

[23] KRR, §1 &, 2F A S TRAMAR T GIS ik

LR ELIC AR R L) . SR FRLAS , 2012, 48(11):43-49.
ZHANG Tianchen, HU Yue, LI Qing, et al. Combined ul-
trasonic and electrical detection system for GIS partial dis-
charge based on virtual instrument|J]. High Voltage Appara-
tus, 2012, 48(11):43-49.

[24] XA, Bk B, SRS, 5 R RIS GIS J7

IR E AR R A FT )] R F AR, 2009, 35(10):
2458-2463.

LIU Junhua, YAO Ming, HUANG Chenjun, et al. Experi-
mental research on partial discharge localization in GIS us-
ing ultrasonic associated with electromagnetic wave method

[J]. High Voltage Engineering, 2009, 29(10): 2458-2463.

[25] WANG L, HON T K, REISS J D, et al. Self-localization of

ad hoc arrays using time difference of arrivals[J]. IEEE

Transactions on Signal Processing,2016,64(4):1018-1033.

b 35(1989—), B, M4, LA FFR G0 HHEA

P& SIEY R R RN A oS ECE Qi a7 5



