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Abstract

Extrinsic Fabry-Perot interferometer (EFPI) optical fiber ultrasonic sensor has the advantages of
high sensitivity and strong anti-interference ability. The application of it to the pattern recogni-
tion of partial discharge in the GIS with the new SF¢/N, mixed gas as the insulating medium is of
great significance for the evaluation of the insulation state of the GIS. Four discharge models are
set up in the GIS cavity filled with 0.4 MPa pure SF; gas, 20% SF¢/80% N, mixed gas, and pure N;
gas respectively. Based on the extraction of the characteristic parameters of the single ultrasonic
pulse waveform, support vector machine (SVM) was used to identify the partial discharge ultra-
sonic signal, and the recognition accuracy rate can reach 85% in three insulating gas environ-
ments. Due to the strong absorption effect of SF¢ on ultrasonic waves, as the concentration of SFs
gas increases, the attenuation of ultrasonic waves becomes more serious, and the recognition ac-
curacy of different types of partial discharges also decreases.
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IRET A . A SFe/Ny IRA SR R4E SFs SR T GIS B, AITEA 35 PR AL 2 Mk RE R AT H5 T Ik
/b SFe {f FH B PRAR A SR AR B, %7 R R A BEM TR Y, HOS7ESbr TP A2 ML)
[2] [3]. XFF-LL SFe/Ny IR &S AR ALEZA T GIS A # I & 38 i HEAT A S5 a0 IR ), AT % GIS 1
Y AR BUFEAT FE— 22 BIVEAL A2 K [4] [5]-

BT AEAEVEAT L - B9 T3 [ PR EFPI A% 25 R F AR 1E R AR 300k, R 6 i Bk A
MR = A e, B RBUE R A5 MEsR. BIEESIT. PrrPae /s S6] [7].

AR HILAFEA 0.4 MPa 4l SFe SR, 20% SFe/80% N, ISR 4l N, SAKR) GIS s P 1) = 35 i
IR EXF G, e AU o 8 T80 P 7= A (1 75 g ot G P S R At Sk R B AT R TR . 7 BRI A A [E] 4
SN GIS AR N B T 4 Fh LAY A AL, R EFPER 75 R 28 GuAs I 0 S B 7= A R 7R A 5
FEFE BRI TR AE S B el B, R SRR IR EHLEE (SVM)XRT R EGE 7515 5 27 B0 . 78
SRR, RAIERTRIAEIAE] 85% L L. BT SFe SRR USRI N, BEFE SFe SARHIIK
FEFEE, BRI TR, RS AL AR IE AR AR 2 BRI
2. EFPI AN RS TIE/RE

EFPI AR R G TAEEER A 1 BroR[8] [9]. Ak Bas Sk Bl B R i B = AR KR P A5 5 1,
FEPE A B A AR SRR B b, RSl HR3), 380 H a2 T AN A IS Ay (1) P9 2 T A B F)
F-P T MK R AL, (AR BB RS IR (B (T Y I AR A SR Bl 2 AT, T4t e Hailt
KERSEEREA T OGS, DURIRIZ R i 5 (5 5 e & I BT 15 S [10] [14] [12].

Tk

DOI: 10.12677/5g.2021.113018 190 BIRE FEL


https://doi.org/10.12677/sg.2021.113018
http://creativecommons.org/licenses/by/4.0/

oo
i
g
4

R i T
H D
EL O ‘¢
%%ﬁ Ca
= x
AP GRS

Figure 1. Schematic diagram of EFPI ultrasonic detection system
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Figure 2. GIS partial discharge detection experimental platform
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Figure 3. Partial discharge model of insulation defect in GIS
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Figure 4. Optical fiber feed through and sensor placement diagram
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Figure 5. Time-domain waveforms of partial discharges in different insulating gas environments detected by EFPI ultrasonic
sensor
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Figure 6. Different characteristic parameters of single ultrasonic pulse signal
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Figure 7. Linear segmentation of two types
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Figure 8. Pattern recognition effect diagram and classification error diagram in pure SFg gas environment
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B 9. 20% SF4/80% N, B & SAMRRNIAANMRE S HLXIREE

SVMI A SVMII R A
ISR . SRR
& i IO

* RIS T

-4

3 A Anamsaaa

DREER

-1.5

1072040 60 80100 20 20 40 60 80 100
WSFEA S DU A i
Figure 10. Pattern recognition effect diagram and classification error diagram in pure N, gas environment
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Table 2. Recognition accuracy in 20% SF¢/80% N, mixed gas environment
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Table 3. Recognition accuracy in pure N, gas environment

3. 4 N, SRR AIE MR

SIS IR & JB R Bi7 T W
i GEl 25 100%
& Bk 2 21 1 1 84%
B 23 2 92%
TR 3 22 88%

M 1~3 A LA H

1) =PSRRI GIS P 4a S ik o i OB AL =R IE AR 2375 3 85%LA F, HAE4L N,
H1 20% SFe/80% N, JEA AP N BRI IR 2145 5] 90%.

2) R B R B BRI RAE =M AL S RIS FIIREIAE] 100%, AT WHARHIE S 405 Hoap = Ff
AR A ZE B OR

3) BT VAT Z A LEAR X B 2 R 2 T, B AT WX 2 2Ry 38 s i 75 15 5 T Y
HREIE S BUR AR .

4) G JE BRI R A IR AR AR AR, BT &R R ERAE fa 3 b 1038 3 S Rl A B FLBCE TR
ZFE, EREHESEBONIREL, MRS T IR IER R .

6. &

[E5r 784 0.4 MPa 4l SFe S 4K, 20% SFe/80% Ny V&S 4K . &l Ny SR =R 4525 1K1 GIS St i
R, WET 4 Mg R EOEARR, AR, BBk, BIR IR 4 AR, A
EFPI 8 75 £& A8 I S AN [RI 2B S 3 s b = AR B B A5 45, 85 B U RRIE 6T B U 75 45 5 Bk b AT 1 4 AiE
SHERI, R RN AN [ R A AT TR, 45

1) JFR I EFPI JGLF#E 75 = OB A I 22 48T UK AR R4 40 SAR PR T GIS 2R . 4 ik «
VR ITTH 4 b L7 1) 246 2% B Jo5 3 S Y (V)RR 75 15 5 A TS, T R S S S BRE A

2) SREUHE R KR5S FRE SR, Ae ] SCRF M ENLEREAT ISR, FRE L B TR
AR, 7 = Fh e SRR N REL B 85% LA LR A2, HAEAL N, Al 20% SFe/80% N, R4
SARIAEE R IR IR R IAF] 90%.

3) HT SFe XA P BRI USRS, B SFe SRR IETH i, BRI AR N E, R4
SR A 1) SR TBORR P A5 (10 1R 31 LE A R B 2 PRI

DOI: 10.12677/sg.2021.113018 197 BHE L


https://doi.org/10.12677/sg.2021.113018

4) SRR KR IR AR sy, R ORI AR R ) IR R A, BV O 5 U T OB TR AR5

BRZHMELREW, RRIERRSEE R ORI ARHE S BN AR BORAR S

E&WH
K 5 AR 3L 410 H (51577063).

BEE

[1] XL, BE. SFe BV FL it R 47AR ], il EHR, 2016, 42(6): 1695-1701.

[21 GKBEE, HXXL, Bk, 2. SFe BAVAH FEIIRSEIR[]]. o3 THR 4K, 2018, 33(12): 2883-2893.

[B1 FA%F, mEl, ZHE, KIR. SF/N, &AM T GIS BB 5 R[], BMEAR, 2018, 42(10):
3429-3435.

[41 Juk, 53k, B¥E, S8, BA, XES, & FrafpGE A EIEE GIS B Al h I HP]. &k
Hi 2%, 2019, 55(1): 54-58.

[B] M, AR, &6, DR, By, IHE. BI75A4 T GIS REBOL ™ B E G EQ]. & E Byl L
224, 2019, 39(4): 1231-1240.

[6] M. JTIGET FP AL AR AR R 23 5 U S 7 AT 5T [D]: [ 2A 0018 5], dbit: #edb i /iK%, 2018.

[7] Gao, C, Yu, L., Xu, Y., Wang, W., Wang, S. and Wang, P. (2019) Partial Discharge Localization Inside Transformer
Windings via Fiber-Optic Acoustic Sensor Array. IEEE Transactions on Power Delivery, 34, 1251-1260.
https://doi.org/10.1109/TPWRD.2018.2880230

[8] A, F#, RiEdh, FLEIR, 2% F. Tl 5508 R 1) Fabry-Perot 6208 75 A4 ECR [I]. & R HIR,
2014, 40(3): 814-821.

[9] Wang, W., Wu, Y.K., He, D.X. and Wang, Z. (2012) Method of EFPI Fiber Sensor in Partial Discharge Detection. In-
ternational Conference on Computer Distributed Control and Intelligent Environmental Monitoring, Zhangjiajie, 5-6
March 2012, 407-410. https://doi.org/10.1109/CDCIEM.2012.103

[10] Wang, X.D., Li, B.Q., Roman, H.T., Russo, O.L., Chin, K. and Farmer, K.R. (2006) Acousto-Optical PD Detection for
Transformers. IEEE Transactions on Power Delivery, 21, 1068-1073. https://doi.org/10.1109/TPWRD.2005.861242

[11] Wk4Eam, w3058, BERH, ZE9h5E, RIEWE, 255, 5. EFPI G 5 15 BRas K I AR JR ks il B A 273 [0].
FEEEER, 2020, 46(6): 1855-1866

[12] EMS, £, T&H, EMHA, Sl T EFPIL ALEES 1 LT FE S AL B8 T R e el 1 07 7 4 0], Al 5
13, 2019, 56(20): 24-30, 96.

[13] JEEE, HEEE, 48, Fg—, Er, R GIS WA R H IS B R AR B =GR A PR 4R [3].
TR LR AR, 2018, 44(8): 2479-2485.

[14] #SR. BE2R RS SRESHEREL %Lfijﬂzﬁﬁ?ﬁm]- (L2t 3], dbnt: 4edbel /iK%, 2013.

[15] AEZIR. FETOGLT R R38R 4R O R b2 T [D]: [l -2 Ar i 5], dbst: #Edbr J1 ke, 2015.

[16] MAiEst. #RIRB 5 A TRHRRET MATLAB) [M]. dbat: JEHK2E H AR AL, 2018.

[17] HRJTREE, &%, EFE, fkiE. BT FM a2 o A0 ELY GIS JR s 2GRN [I]. B DA,

2015, 30(6): 225-231.

DOI: 10.12677/sg.2021.113018 198 BHE L


https://doi.org/10.12677/sg.2021.113018
https://doi.org/10.1109/TPWRD.2018.2880230
https://doi.org/10.1109/CDCIEM.2012.103
https://doi.org/10.1109/TPWRD.2005.861242

	基于EFPI传感器的SF6/N2混合气体GIS局放模式识别研究
	摘  要
	关键词
	Research on Partial Discharge Pattern Recognition of SF6/N2 Mixed Gas GIS Based on EFPI Sensor
	Abstract
	Keywords
	1. 引言
	2. EFPI超声检测系统的工作原理
	3. GIS局部放电检测实验平台
	3.1. 放电模型
	3.2. GIS实验腔体
	3.3. 不同绝缘气体环境下局部放电的时域波形

	4. 超声信号特征参数提取
	5. 基于支持向量机的局部放电模式识别
	5.1. 支持向量机概述
	5.1.1. 支持向量机基本思想
	5.1.2. 支持向量机实现多分类

	5.2. 支持向量机实现局放模式识别

	6. 结论
	基金项目
	参考文献

