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Abnormal Capacitance and Dielectric Loss Analysis of 500 kV Inverted Current Transformer
ZHANG Yuanhang', LIU Sai', CHEN Hao?, CHEN Jing', LU Haomin', ZHOU Cheng3
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Power Co., Ltd., Nanjing 210019, China; 3. Kunshan Power Supply Branch Company of
State Grid Jiangsu Electric Power Co., Ltd., Jiangsu Kunshan 215300, China)
Abstract: In response to the defects of excessive capacitance and dielectric loss factor of primary winding
of phase A to the end screen of a 500 kV inverted current transformer, the routine and diagnostic tests are
carried out and, in combinaion with disassembly and inspection of the equipment for comprehensive
analysis, it is determined that the fault is caused by structural defects such as cable paper wrinkles and
slight deformation wrinkles of the high-voltage screen in the straight section of the main insulation at the head
of the current transformer body. It is indicated that mechanical stress during transportation or installation
leads to structural distortion of the capacitive screen, and such hidden structural defects gradually deteriorate
and form hidden dangers during long-term operation. Based on the analysis results, such preventive measures
as strengthening production process control, strict handover acceptance, and enhancing status monitoring
are proposed so to provide reference for quality control and status assessment of current transformer.
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BB L R 10 kY, KIECDL/T 393—2021 fi 42
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TR LR 1 F 2 | MR 22 | < 3% (7R i) , A TRt
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Table 1 Abnormal test data of primary winding of phase

A of current transformer to the end screen
(temperature: 14 °C, humidity : 42% )

MRk R, AR AR AR
A kV pF % PIEZE%
2010 10 425.0 — —
2024 10 445.9 0.797 4.92

P2 T H EERAY A AN DT S G AL
P AR O, o] K A AR B A 5 B E X,
FHEVMELZER, @t 3%E R H, R IR
i 0.6%(20°C, {FEMH) o 7i5h, AR [ ML

B, FAEAEMS R T T {E . RIS OO ) BK, A
BRI R AR (L2 AN I 2K

x2 BRERSRABELERGEE
Table 2 Historical test data of phase A of current

transformer
AR Mg R/ AR rifE, s
kV pF % WUE2E/%

H72010 10 425.0 — —
42010 10 433.1 0.200 1.91
i 2013 10 434.0 0.492 2.12
i 2019 10 4355 0.176 247
AU 2024 10 4459 0.797 4.92
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Fig.1 Structural diagram of inverted current transformer
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Table 3 Nameplate information of current transformer ( Phase A )

L Bl E BH
S otk 55() AV 2= 000066
EiEZ Syt AT HL A A il 1 H 31 2010.7
e LR 550 kV Y Ik 1 175/1 550 kV
Blife e HLI 160 kA UEEAE PFRE L 63 kKA RLHE/3
ZER I 5= A P EL 2x2 000/1
N 651-6S2 651-6S3
i AR 181-182 1S1-182,281-282,3S1-352 ,4S1-4S2
7S1-7S2 7S1-7S3
EER/ e 2x2 000/1 2x2 000/1 2x1 000/1 2x2 000/1
HERH/VA 15 10(cosp=1.0) 7.5 15
T2 5P TPY 0.28 0.28
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Fig.2 Infrared temperature measurement spectrum of abnormal current transformer
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Fig. 3 Infrared temperature measurement spectrum of adjacent current transformer
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Table 4 Infrared spectrum record of abnormal current transformer

ZH Bl S BUE
WA FR SEH L AR LRiENE A600S
a4k H 2023.11.14 SR ] 17:12:17
IR 7.0 PREEIRRE /% 54
LT RS 0.9 25 /m 8.0 B far HEL /A 392.48
(A RO1 RO2 RO3 RO4 RO5
£15M3HT (max) A 13.2 16.3 15.1 15.6 15.6
2583 HT (max) B 13.9 15.5 14.8 15.5 15.4
2L AT (max) C 14.0 15.0 14.2 15.1 15.3
x5 BASERERBFLIEILIER
Table 5 Infrared spectra record of adjacent current transformer
B2 Bl B B
WA R AHER HL I A Rz A A600S
4% H 2023.11.14 AT i) 17:01:07
BRI/ C 7.0 PRSI /% 54
LTI 0.9 i /m 8.0 A far B IE/A 357.01
(VAT RO1 RO2 RO3 RO4 RO5
£15M3HT (max) A 14.6 14.9 14.6 14.9 15.4
2N AT (max) B 14.6 14.8 14.6 14.9 14.9
M3t (max) C 14.6 14.9 14.6 14.9 14.9
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Fig. 4 Current operation recording of abnormal current transformer
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Table 6 Insulation oil test results of current transformer

pL/L

2445y A B C
CH, 2.13 1.98 2.15
C.H, 0.08 0.07 0.07
C-H, 0.31 0.34 0.38
C.H, 0.00 0.00 0.00

H, 21.80 443 14.03
co 255.83 219.53 262.14
CO, 168.64 177.09 172.40
g 2.52 2.39 2.60
Mok 8.00 9.00 10.00

MRYGCHAR) TP 3 191-HJERER /43 2 48 2% ik
1 H A BR X F 500 kV O RS, CHL.<
1 p/LCEEAE) , <150 p/L(FEEMH), mE<
100 /L) , oK <15mg/L (B ) . HE[h
X = AHEE , 25 S0y, HECE A R 2R, AT
L BB A i A5 R 54 o
142 %% daran g

R4l CHURR ) L3R, H 3L B JER A8 — YR Se 4 % b
=3 000 MQ (7 AH ) , R BE X Hi=1 000 MQ ({F
BAH), RG] =100 MQ (VE B AH) 5 [7]
L S H LG T ARG . FLT B SRR A S L B L2 7,
FH 2R 7 AT RN 25 T 24 2 v, B 24006 12 45 0, HLTR] b
L TC A A A, U B O LR — IR GR A
JR Bt 4 2 AR Dl R4

xR7 BRERFHZEMEGRE:14°C,RE 42%)
Table 7 Insulation resistance of current transformer
(temperature : 14 °C , humidity : 42%)
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Table 8 Dielectric loss and capacitance of current transformer (temperature : 14 °C , humidity : 42%)

AH 5 WA Ay URENEENEINY FL A e /pF S AE% HLAS R WIE 22 1%

H72010 10 425.0 — —
22010 10 433.1 0.200 1.91

A T 2013 10 434.0 0.492 2.12
T 2019 10 4355 0.176 2.47
AR 2024 10 4459 0.797 4.92
172010 10 425.0 — —
32010 10 4275 0.220 0.59

B ik 2013 10 426.6 0.446 0.38
i 2019 10 422.8 0.235 -0.52
AV 2024 10 4224 0.209 -0.61
HT2010 10 422.0 — —
242010 10 423.6 0.228 0.38

C ik 2013 10 4223 0.480 0.07
ik 2019 10 4223 0.480 0.07
AR 2024 10 419.5 0.306 -0.59

Xt A5 A AE K 1.392%—0.612%=0.780% , 37t K T [ (&
(0.03%) , I HA 415548 43 A 19k SRR S, R e mp
P T AR I 25 R S ) B R B A T (LR )
gj}\zo

F9 HRERSFARTHEENRERESE
(iBE:14°C,iRE :42%)
Table 9 Variable-voltage dielectric loss and capacitance
of phase A of current transformer
(temperature : 14 °C ,humidity : 42%)

S IHEEJEAY B/ S PUE%
1 0.5 463.3 1.392
2 1 462.7 0.612
3 2 461.7 1.008
4 3 462.6 1.218
5 4 457.9 0.897
6 5 4575 1.203
7 6 4459 0.967
8 7 445.1 0.817
9 8 4442 0.834
10 9 4437 0.775
11 10 4438 0.792
12 9 4443 0.795
13 8 444.1 0.865
14 7 4447 0.863
15 6 445.6 0.844
16 5 446.6 0.852
17 4 461.2 1.174
18 3 461.7 1.097
19 2 461.3 1.153
20 1 459.0 0.951
21 0.5 465.9 1.143

25 LR A BRI AT FL P TS A AR
A, A i | oK & 4
SR IR H , [ A H R AR A T T 00 R
SR 5 7 T4 T TR) R, L 2T NI i P i v R
TR (L A AHIR BE 3 A AH T BLC WA AT P 22
B . B )RS IT R T i B R T e T
Vi, itk — 2 A X T IR L, X 5 4R
J A

2 BHNRIE SRS

2.1 IEEBEBNRIE

LI LR AR AR TR T T R AR G (n o 2%
RS 48 2k FBH L U HLBE L 10 kVOHE A R R
PR B 45 ) L BR 2 10 TR BY 10 kV — IR &4
RO T i I SR & N M = B S S

S
®10 HERERFAMER F10KVHRMERTE
(iREE:28°C,iRE :54%)
Table 10 10 kV dielectric loss and capacitance of phase A
of current transformer after returning to the factory
(temperature : 28 °C , humidity : 54%)

10
TN IR A% H1L 25 i /pF
— RGN AR 0.224 12203
—IRGEH XA T 0.789 444.5
2
TENRIERY A E/% L2 T /pl
AN Hb 0.236 46 535
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Table 11 High voltage dielectric loss and capacitance of phase A of current transformer
(temperature: 28 °C, humidity : 54% )

2.1.1 ZEENMMAEEEZNE

1 FEL A A R P R S e L O LSRR ) 48 %

il an L e /k V 10 159 318

ANFH 0,

A HUE% 0.224 0.219 0.225
— LXK .

HL 25 /pF 1220.3 12193 12204

VA=

A-FE/% 0.789 0.795 0.803
— LS R e

HH 2t /pF 4445 4454 445.6

2.1.2 FERal ke

25 o Fr R B B D, R 2% U LR A T
SRy LA LA E— 2P A A A VR RE o R AR ik
F, 2 S BRI H Wt L JR 208 % A B TE e H 3 i B AR
T RATE AR Z A R R B S o AR AR (R ) 2L
K, 1.20,/43 (381 kV) T, ZEK Jmy el i AN i ik
20 pCo HIZR 12 AT, B N AR AN AEAEAR RE 1 1))
T o

R12 BERERFZAERHMESENE
(E=BME:0.8 pC,iRE:22°C,iRE 146%)
Table 12 Measurement of local discharge capacity of

phase A of current transformer (background partial
discharge: 0.8 pC,temperature : 22 °C , humidity : 46% )

S AN FELEAT ] /min JRitR/pC
W EAV 592 1 2.5
Mg EAY 550 5 1.2
MEREAV 381 — 1.0

2,13 FHEIXIEW G L% AR M 5T

X 48 S i A T e L AR OK S A i
X LA I 44 25 30 1 8 R3S IR A5 SR L3R 13,
4 TR R R IR ) EER . R 4 /T
FEIRIRT G 4 2 s i R A g 2R SR A 53
i e IR ) BR | 2 IH 48 3l A H PR /K A2 0 A
TG L MG

R13 BSRRBRITEALHILBEE

Table 13 Test data of insulation oil before and after
electrical test

R H 1o IR i IR S

T RV 68.5 69.4

TR ERY% 3.59 3.63
K/ (mg/L) 8.0 8.6

A PUE% 0.496 0.497

F14 BSRRBAIGAESMPEHES
Table 14 Dissolved gases in insulating oil before and after
electrical test

pL/L

Moy e He a6 i (SR =
CH, 2.13 2.26

C.H, 0.08 0.09

C.H, 0.31 0.32

C.H, 0.00 0.00

H2 21.80 22.21

Co 255.83 263.54
co2 168.64 145.65
ey 2.52 2.67

H, 25 2 RN 0 (0 2 PR A 48 % b1 LR RE 1Y
AR, A AL T BRI AR 4 R S5 4
BT AR, Wy R W ECE A R . A
PUE IS I W RoR e G bR P AEERE R A, W BE
e T2 AR ARG . (HARYE EiAE
LA Wt 0 0 L 7T R IR SR R AR R R B
o 2% W BELTE 5, R — IR SR A X B R TR B 26 2% R
U, BAT R AR A2 ) i ZE R, — IR GRS R AR Y
I AT B R Dt PR R A H Y EL R Sk T 4 2
PR HE BRSNSk R U TR /), £
FHEEAA DN o TG ORI A R IR, UL
B B A S . UKGH , BB 2 2
H K o3 AN R, BEASHERR TR RS2 i T RE
JRIHB R B A S IR R I L 2 A TR B AR . D
T AON T B it R A i R S Y T R
JR PR AT BRGAR < 1) L 25 B 22 ) 1) 4 2 4 L 2 AL B
JZ , FEHA R B AERE . AR A A B
Z A 246 2 A0 R B, HE AN R 3 S i BT G, T fE
SRR R AR L H AR 5 ] eIk
SR AY 5 2) AR ] 3k A A v A A R RO ECHES A TR
L, SRR . B TR E s T
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Fig. S Overall body of current transformer
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Fig. 6 Wrinkles on the head of current transformer
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