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Fig.1 Flow chart of the pyrolysis gas chromatography
for thiophene sulfides
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Fig.2 Flow chart of the thermogravimetric test
for thiophene sulfides

2 [EMEMUMBHRALEZHZNLIRE

IEC 60596 KHLAE 1 4% 4 2% 1) Jm 30 2k Al e ]
53 AR PR (150 ~ 300 °C) | A i i Al
(300~700 °C ) Fl =y it A2 (>700 °C) o SCH%
BRI 2 4 SEAE AT AT, e BRI AL P B 1
AR S gy B AL S . 2 BTE, SO
%% 1EEE PRI E LA B i 40 446 25 J) 0 i 4
T e 5 165 C (180 CAE M IMARLE & A%
FRIREE o A PRRER BE RS , SR I T A X AN
B ACTE AT R 0 AR, O B 5k T (A
270 C @ FHRERREIRE) .

25 LTk, 2 B8 E N AR = ) 7 R i 4R
A REARIE R, LT
TR (TCAT AT B AL 4 4% 5 R AR 4 2% ) O B il
T, B Y WEMY (1 000 mg/kg) AN+ —he IR
o IR S LRE W5 HR A R 4 S AR SR A T R
B Pig-tail Hd 2840 73 0 2= Lk il b, # i 4% 46 2%
FEfhe rBIIF AR S AE 165 °C (180 CAEHI T %
FARE , B AT EHRFEE 192 h, 24045 505 B T 4R
B PSR R T8 9 2 BOWE SRR A T RAE , X 4
G AR BRI AT

3 ZWLRSHE

3.1 EMEMUMARBSETNSN

3 ShBEMY RIFHEWY | R HEm PR
FHEOTEAE R o AR (T AL g 9 3 A a] DL HY , g
W3 AR i G R SN [] 75 5 78 5,105 s AT
JEOHT i, K5 W Wy AR i (38 v S NI ) 75 s
108 5,629 s A P Bid th , AT BEm 2R
TN E] 75 s 133 5,1 278 s WA W) AT
2P X BE W IR IFE WY | ARG BE W AE (3 P AT



2 HEHEAR 188

PTG 3 AN ] HEAT ST 23 A, ZRAT Y B
PR Ia IO SE R Nk 4 R ATLLE
R AE R o 24 R BB LE 34 AP 5T, 4 A HEW
A 535 (R 8L, D G PR e A A T HLS,
{H H,S i i AR /o AR AR . (1) H,S
BT RAR K, B R BN R s 1) PR B, B
TP SR QN EERA —ERKE,
SRR S A S M I SR IR 2 v BEAE A N, 5
B AT AR 5 (2) WEW 1 AR gt 1o 72
AN A I H, S HL S WA AW A, IR 3 76 oA
AR oL, T2 HL S U6 B A HAU A S5 ) ST
Gk, D, mEM e RCE AR RN & R R R
fift , A PSS et AR SR ) LS o

100 }
80
N
@ 60
il
z 407
=
20 t
of . . . A
0 300 600 900 1200 1500
J2 VL[] /s
(a) MEW)
100 }
80 +
N
@ 60
8
= 40t
=
=
20+
0 L 1 1 1 1 1
0 300 600 900 1200 1500
S NI [E) /s
(b) ZIfmEmy
100 |
80
N
?i::P( 60
i 40
r
= J
20+
0 L
0 300 600 900 1200 1500

S () /s
(c) ZARITmEwy

B3 BEMAMUNARBUSHERIELSR
Fig.3 Gas chromatogram results of
thiophene sulfide pyrolysis
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Fig.4 Mass spectrum results of
thiophene sulfide pyrolysis
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Fig.5 TG and DTG curves of thiophene
sulfides pyrolysis
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Fig.8 Kinetic results of thiophene pyrolysis
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Table 1 Activation energy of thiophene sulfides
pyrolysis at different heating rates
s T #/ S kg
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30 302 ~498 21.04
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g S
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Fig.9 Surface morphology of copper sample
after thermal aging
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Table 2 EDX results of copper conductor
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Zero-value insulator detection technology based on local electric field

ZHANG Dongdong' , CHANG Zezhong', WAN Wuyi', ZHANG Zhijin*, CHEN Jiulin®
(1. School of Electric Power Engineering, Nanjing Institute of Technology, Nanjing 211167, China;2. State Key
Laboratory of Power Transmission Equipment Technology ( Chongqing University ) , Chongqing 400044, China;
3. State Grid Jiangsu Electric Power Co.,Ltd. Research Institute,Nanjing 211103, China)
Abstract : The zero-value piece of insulator string can be detected by measuring its electric field strength. The traditional way is
always by measuring the electric field distribution curve of the whole string to judge out the zero-value piece position, which is
inefficient and difficult to operate in field. In this paper, an improved method of identifying zero-value insulator by just
measuring the partial electric field of insulator unit is proposed. Firstly,the simulation model of insulator string zero-value unit
detection is established ,and the partial electric field distortion characteristic caused by zero-value piece is analysed. Then the
partial electric field variation criterion for zero-value identifying is obtained basing on the simulation result. Finally, the
identification method is verified by designing the detection device and carrying out the point to point zero-value piece evaluating
experiments. The results show that the point to point zero-value insulator detection can be realized using the three-array-probe
electric field measuring method. The length of the array should be larger than the length of the electric field distortion interval ,
which can be taken as 130 mm for the research object in this paper. The identification criteria is that the deviation between
probe 1 and 3 is less than 10% ,and the deviation between probe 2 and the average is less than 50% at the same time. When
detecting zero-value piece at the high-voltage and medium-voltage end,the best position for the sensor device identification is
directly facing the steel foot, while for the low-voltage end,the best position is facing the shed edge. The results of the study can
provide theoretical support for the intelligent operation and maintenance of external insulation in power transmission and
distribution.

Keywords : electrified detection ;insulator;zero-value ;electric field ;array sensors;finite element
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Reaction mechanism of winding corrosion induced by thiophene

inactive sulfur in mineral insulating oil

GAO Sihang, HUANG Cong, WANG Rui, WEI Hao, LUO Xiaoting, HE Weisheng
( Chongqing University of Posts and Telecommunications ( Key Laboratory of Industrial Internet of
Things and Networked Control Ministry of Education) ,Chongging 400065, China)
Abstract : Strong corrosive active sulfur in the mineral insulating oil has been considered to be the main culprit to induce the
insulation failures of oil-immersed power equipment. In order to protect the oil-paper insulation from sulfur corrosion, active
sulfur is cleared in the refining process of crude oil. Some inactive sulfur with high antioxidant is still retained in the mineral oil
to improve the oxidation stability of oil. However,the activation of inactive sulfur under the operating condition of oil-immersed
power equipment is not gained attention. This paper focuses on the reaction mechanism of winding corrosion induced by non-
active thiophene sulfide in mineral insulating oil. The thermal pyrolysis products of thiophene sulfide are investigated by the
material phase analysis method,and the activation energy changes of thiophene sulfide at different heating rates are analyzed in
combination with the pyrolysis kinetics analysis method, and the experimental study of inactive thiophene sulfide under the
action of oil paper insulation thermal field is carried out. The results of gas chromatography, mass spectrometry and Fourier
transform infrared spectroscopy show that the main activation product of thiophene sulfide ( thiophene, benzothiophene,
dibenzothiophene) during pyrolysis is H,S, which is highly corrosive and volatile. The thermogravimetric and differential
thermogravimetric curves of thiophene sulfides are basically the same at different pyrolysis rates, and thiophene is the most prone
to pyrolysis, followed by benzothiophene and dibenzothiophene. Under the condition of low temperature superheating of oil paper
insulation,due to the continuous accumulation of system energy, the inactive thiophene sulfide will be activated and then
generate low molecular highly corrosive sulfide ,which intensifies the corrosivity of oil products and leads to sulfur corrosion of
oil paper insulation.

Keywords : mineral insulating oil ;inactive sulfur;thiophene sulfide ;activation mechanism ; pyrolysis ; sulfur corrosion
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