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Analysis and Treatment on Abnormal Capacitance and Dielectric Loss of 500 kV
Capacitior Voltage Transformer
LIU Sai', ZHANG Yuanhang', CHEN Hao’, CHEN Jing', LU Haomin', ZHOU Cheng’
(1. Suzhou Power Supply Branch, SGCC Jiangsu Power Co., Ltd., Jiangsu Suzhou 215004, China;
2. Nanjing Power Supply Branch, SGCC Jiangsu Power Co., Ltd., Nanjing 210019, China;

3. Kunshan Power Supply Branch,SGCC Jiangsu Power Co., Ltd., Jiangsu Kunshan 215300, China)
Abstract: In view of an abnormal capacitance and dielectric loss during a routine test of a 500 kV capacitor
voltage transformer (CVT) , the fault diagnosis is systemetically developed. It is preliminarily judged
through diagnostic tests, comparison of test data of equipment horizontally, and analysis of historical data
of delivery test, handover test and routine test vertically that there is an internal insulation defect in the
middle section capacitor unit in phase B. It is confirmed through high -voltage dielectric loss test and oil
chromatography analysis that excessively high energy discharge is occurred inside the capacitive voltage
divider. Finally, it is found through disassembly inspection that the 5th capacitor element leads to partial
discharge due to burrs on the electrode plate, resulting in electrode breakdown and insulation oil pyrolysis.
Moreover, its is confrmed that the fault is from both the local field strength concentration due to the burrs
on the electrode plate stamping and the dielectric damage due to defect of the insertion process, which lead
to breakdown of the capacitor element plate during long - term operation. Finally, the comprehensive
prevention and control measures, containing the improvement of test diagnostic methods, optimization of
manufacturing processes, and strengthening of operation and maintenance strategies, are propsoed so to
ensure the enhanced reliable operation of CVT.

Keywords: capacitor voltage transformer; capacitance; dielectric loss; diagnostic tests; discharge
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Table 1 Information of CVT nameplate (Phase B)

24 ol
RS #45500-5H
TG la-1n,2a-2n,3a-3n,da~dn
TIRBE LRV 100/4/3,100/+/3,100/+/3,100
HLA IO 396227
SR 196227
MiRTES 0.2/0.5/3P/3P
e H/VA 50/50/50/50
HE A KRV 820/1 306/1 890
HE i FEHL A /T 5228
HE AL 2 5000
B LS pF 114 545
HL 25 B8 2 PXE
i3 H 1A 2020.6

2023 4F 3 A B BIFT IS O B R, 1R X
% CVT FEAT AN A, A SN 2 5% %, T6id
T BLGE , Ja BRGNS , S -4 A IR AR ], 4%
ARIER 253 B /YW= 08
e T2 .

o el o o

ComEBRREC, FCLHEC,); CREBEE; NHEENES
RJEE; laln:dE IR 1 SEHENT; 2a2n:FE k2 544
Ui 3a.3n:E IR 35S T da,dn:d 4 H R S8 gH
Fi 3a3nfHERR T TR ES: LAMEHEIUE
Ko B IT 5% EAMEHPIERKE YT ; BL:ZnO®BEE 25
ZD:fHJERR -

Bl CVIRSFEHE
Fig.1 Electrical schematic diagram of CVT
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Table 2 Abnormal test data of middle capacitor voltage

divider in phase B of CVT
(temperature: 8°C, humidity:50%)
Rl AbiE . mARE

ML 25w /pF
BAH JE/kV tand /% 2%

e 0.375  15570.0(15
1 2.53

(0.055) 185.2)
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B RGO 10 KV, ARYE DL/T 393—2021
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TR 2 2 T R 1 A A RO MEE [ < 2%
(R , A RBFE N %0=<0.002 S(IRAKE &) (F =
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SR BIAT IR 5 ) g8 b Xt R I 25 N
2.53%, HAHUE K 0.375%,2023 4 3 Bk miltT
WRIGZE RS 2021 4F 11 H B850 te X, i A i
WA 25 2.23% , A F5 (L FTE 25 2 0 1 25 4 AN Tl 2
FoR, H A R Kok

®3 CVIBHEHTEINESRHFREEHE

Table 3 Historical test data of middle capacitor voltage

divider in phase B of CVT
BT
S R SR
c (2023.03.12)
H1L 2 /pF 15 185.2 15 230.0 15 570.0
AA5HH tand/% 0.055 0.051 0.375
HL AW (B 22/% — 0.29 2.53(2.23)

e A5 S B R

FE 2023 BT REAE T, A Bl d5c s — K £ 41
PRI 10 5%, LI 25 4 20 AR RS e S DL A 2
A 4(ROT: #4823k \RO2: 77 \RO3: 175 \RO4: T
A5 RO5: WA ) . =R DL/T 664—2016 (i L% %
LIS W R FHALIE ) H e B 15 4 Bl R 12 BT A
it PAGRRE LU AR s, BLrb BRI
25 2~3 K, FE M spE, Ras SRR, B R
B2 S w5 A o R R g A IR
CVT LEFKWEIEEIE . MAAZE LK, A& WLAR iz 4 A
BRI A R T, CVT & AR RN WL 3,
55K 3 FRBYE A CVT AHHL R IRE TR , R WA
B 8 S0 R (D PR

A B CH

B2 CVTIMEEE
Fig. 2 Infrared temperature measurement spectrum
of CVT

F4 DHNEIEIZR

Table 4 Infrared spectrum records

B3 CVT&iABERE
Fig.3 Voltage amplitude of each phase of CVT
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B, I DR B kg 4 R OSCER[191285K , I e
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1.3.1 % & X

o 2 W B 25 R L3R 5 Rk 6, i (R )
TR, 43 L2 7 ) 448 % LB =5 000 MQ (7 &
{H) , N-Hb 46 2% F1. BH=1000 MQ (7 &) , LA R
i 2% L B 20 A5, DB FL A BT iR R
U o ARHECHUR )R, IR G 4a 2% HiBH=100 MQ
(EEE), A X E e TE B A, HhElAs Rds —
IRGEAH N E-Hb Y 48 2% FELBH 34 (2 35 K T 100 MQ, H
SAHZ R ARXT A . U R BT A BRI R A

RS CVIEEFERALAEME(RE:8°C,RE:50%)

Table 5 Insulation resistance of capacitive voltage divider
of CVT (temperature:8 °C, humidity :50% )

R AFR R R A600S
¥ H 3 2023.1.15 T ] 17:25:16
IREEIRIE/C 7.0 BRI /% 45.0
e 09 FEE/m 8.0  fMfHLIK —

VA S RO1 RO2 RO3 R04 RO5
2LAM3 AT (max) A 14.8 159 160 158 155
2143 H (max) B 15.1 160 172 162 158
£1513HT (max) C 14.7 158 16.1 160 156

MQ
\ A
(DAL 1 B C
Ci 29700(29000) 29 800(30500) 26 500(27 000)
Cn 31100(31000) 27900(28 000) 27 700(28 500)
Cs 11700(12000) 12900(12500) 15 133(17000)
C.  39700(37000) 33900(32000) 41 100(35800)
N-#b 37 800(38000)  35900(33700) 37 700(35 000)

L A8 5 W SRS

%6

F i) 25 [ 25 4 2% i PR (3R : 8 °C, SR : 50%)

Table 6 Insulation resistance of intermediate transformer
(temperature: 8°C, humidity: 50%)

MQ
. A

(AR 1 B C

la-ln 2874(2700)  2945(3200)  2952(3100)
2a-2n  2952(2700)  2982(3100)  2917(2900)
3a-3n  3021(3000) 3010(2850)  2873(2850)
da—dn  2946(2800)  2842(2900)  2952(3050)
E-Hb  3945(4050)  3879(3700)  3955(3500)

T A8 S NSRS (E

1.3.2

= P 4K,

AR OSSR LR 7, g W O XSG
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2 886.8(da-dn), HRHECHAR)ZER, CVT B UAAX
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WA 22 R LG A E X R o X F 748 R X —
UL, ZERTREH LT 2 Mg ol 380 1) A &
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Table 7 Voltage transformation -ratio test results of CVT
(temperature: 8 °C, humidity: 50%)

®8 CVIRGAHEREBMKLER
(RE:8°C,iBE:50%)
Table 8 DC resistance test results of secondary winding
of CVT (temperature: 8 °C, humidity: 50%)

MQ

—K o TE _ wifE
et Hifz (20C) FAME A S
A 2670 2533 2658  -0.45

la-ln B 2665 2528 2653 -0.46
c 2677 2542 2668  -0.35

A 4882 4645 4874  -0.16

2a-2n B 4877 4651 4881 0.8
c 4872 4646 4875  0.07

A 5332 5102 5354 04l

3a-3n B 5329 5101 5353 045
c 5336 5098 5350  0.26

A 16294 15602 16372 0.48

da=dn B 162.73 15541 163.08  0.22
C 162.89 15579 16348  0.36

(DALY A B C

la=1n 5017(5011) 4942(5007) 5015(5008)
2a-2n 5015(5010) 4944(5008) 5014(5007)
3a-3n 5014(5010) 4944(5007) 5012(5008)
da—dn 2900(2895) 2854(2892) 2898(2893)

TE 46 5 O SSHR SR (H

1.3.3 P& )RR A S X

FR] AR R 2 L R RN 2t AR L 8, AR (L
FENVER , CVT R GEAL HUBHLIN it | W{E 22 | < 2% (%
AR o XF CVT 485 IR SELH A e L {ELR 1) R i) o
Ho, TR 2 5 | WOME 2 | < 2% Y ER, TR
SEHHL A . — RSB TR NER, Bl
TR Lt F BRI, A0 20 0 v ) A s g i 7
TCHIBE 4 T BE AR

134 EENMRABEZTMNXER

CVT Jrdit S LA TS R LR 9 ok, Xt B
FHHT LS AR € 1Y 210 A 5 (2R 1 R o)
FYNIa] LA, S R 25 B G 380 K, A B (B TR D K
LY I S E I AN R BEoR o AR R 9 Bl , oK
% CVT A B9 43 R e, W3R 10, AT B #1420 K
b5 ALCAEXT I, BRI TR, IX 5 CVT i il ie-28
FEIMR 25 S v B AR B9 28 Fesk/NAR B X o TR s
& B MBS HE A 22.96, HH38T 23.26 WIMH
2N 1.29% R 2= — KM LU, PTREAL 2 7= 24
3LV AYH R 25 R S TR R I sl
0.75 V /24, 454 CVT iz 47 B P A — Ik PT Wik
ARG 2 — S = AR Z AN S A
FEMAT 7 VOERUE) , 1% CVT SfE A2 B0

&9 CVINHKERERFEMRER(EE 8°C,IRE 50%)

Table 9 Dielectric loss and capacitance test results of CVT (temperature : 8 °C, humidity: 50%)

AL LA T R HE/AV AP tand 1% H1 A/ pF FLATRRIEZ/%
C 10 0.060(0.075) 15 069(15 110) -0.27
Ch 10 0.060(0.074) 15 051(15 080) -0.19
A Cis 2 0.080(0.067) 17 330(17 330) 0.00
[0 2 0.110(0.095) 116 500(116 500) 0.00
C 10 0.070(0.068) 15 107(15 250) -0.93
Ch 10 0.375(0.051) 15 570(15 230) 2.23
b Cys 2 0.080(0.065) 17 330(17 470) -0.69
C 2 0.080(0.081) 116 800( 118 100) -1.10
C 10 0.060(0.063) 15 128(15 160) -0.21
Ch 10 0.060(0.085) 15 143(15 190) -0.31
¢ Cys 2 0.050(0.067) 17 450(17 450) 0.00
C 2 0.070(0.076) 117 500(117 500) 0.00

T A8 5 W AR
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Table 10 Calculation results of division ratio of CVT

AL C G LK
A 5249(5258) 116500(116500)  23.19(23.15)
B 5316(5306) 116800(118100)  22.96(23.26)
C  5279(5288) 117500(117500) 23.25(23.22)

W AE S O S R R R, R L
K=U,/U,=(C,+C,)/C, , €, ] Cii.Cr Fl Cix Y HIIREL o

2 CVTRERNAE R EEeE
XTI K A iR (0 45 R, 7E S RIS KT N

X B A T LA AT IR AR A SR . 1,
FESR R AT FRRTT 8 2002 Witk iR 58, E A% g0 45 51
S R BB RZES o TR FRR B IA) A H 8
TCIRIETHE T, X B2 BT A TR A, SR &
AR SRR i S R A S R 45 B AR A T B
oty Sy, DB £ R RE R R 32 40
2.1 fREENAIE

HR 4 7 45 40 K 2% BT € T BEAT A Y 48 2 1
AEAR R il 2 A AR [l B, 2 W IR 1 H A
1) i B AR 5 2) SR R a6
2.1.1 & EAR R

4 Sy e H A F I 2 R B A, XTI LA
BT TR FEA R, RS SR LR 11, 5 1k
7E 10 kV 355 FUE T A B R 0.275% , # it (IR
FENVERAE (0.25%) . 26 2 IREHUE HE 96 kV it
W L R 5, A UE T B 0.084% , 77 & CRILRR ) 22
Ko MAEWIEZIGATE 1.4% K1,
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B4 SRENMRKAEZEEREER

Fig.4 Wiring schematic diagram of high-voltage dielectric loss test

#11 CVTBiEHTEESESREBENRIREHTE
Table 11 High voltage dielectric loss test data of middle
capacitor voltage divider in phase B of CVT

W HBAE ABUE ML L2 i
HJE/kV pF and/% T {E/pF  WIEZE%
10 153760 0275 1.26
96 154014  0.084 15185.2 1.42
10 15397.9  0.084 1.40

AR HL AR BT AR DO IR 2 SR AR,
KL AR PR TT AR T PR T LR T MR A PR
P ATk, IR AT R LR 12,

iy 2 I R B 2 R X e 5

EINE]

o HIER B TR R A REDR /N O HLd

i 2 YO, HA 0 EA B AR, (R A (E 2
AW o H I AT LB YRR A A R RN . T
BB AFAE, 0T R B BRI, ok i
T LA AR BB R DL

R12 REVEFCVTBEPTREASERTREMR
R
Table 12 High voltage dielectric loss test data of middle
voltage divider in phase B of CVT after surface treatment

W E/, AR, AHME BRAEEY AR
kV pF tand /% {Hi/pF {H22/%
10 153488  0.0419 1.08
96 153522 0.0448 151852 1.10
10 153488  0.0413 1.08

.75.
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o 0.25F _,_E%giwﬁﬁ :}g °\\° Table 13  Oil chromatography test in phase B of CVE/L
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Fig. 5 Comparison of high voltage dielectric loss test
results of middle capacitor divider in phase B of CVT
before and after surface treatment
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Fig. 6 Carden effect of insulating medium
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Fig. 7 Platen for capacitor element of middle voltage
divider in phase B of CVT

E8 CVIBHEATERSERBEIOF
Fig. 8 Capacitor core of middle capacitor voltage divider
in phase B of CVT
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AR H 84 AN HLUATTIFALAL, X 84 N
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Table 14 Test results of capacitance of capacitor element

rF
e} A FU AR ¥ WER  FS AR RS T
1 1.259 18 1.224 35 1.215 52 1.208 69 1.198
2 1.231 19 1.213 36 1.213 53 1.195 70 1.193
3 1.249 20 1.199 37 1.213 54 1.189 71 1.190
4 1.232 21 1.198 38 1.210 55 1.181 72 1.189
5 ® 22 1.199 39 1.210 56 1.183 73 1.189
6 1.220 23 1.196 40 1.223 57 1.223 74 1.175
7 1.223 24 1.191 41 1.194 58 1.203 75 1.186
8 1.221 25 1.199 42 1.220 59 1.196 76 1.178
9 1.235 26 1.210 43 1.197 60 1.208 77 1.181
10 1.219 27 1.195 44 1.209 61 1.211 78 1.185
11 1.228 28 1.192 45 1.221 62 1.212 79 1.177
12 1.208 29 1.239 46 1.228 63 1.203 80 1.184
13 1.224 30 1.235 47 1.208 64 1.223 81 1.180
14 1.207 31 1.227 48 1.204 65 1.209 82 1.161
15 1.222 32 1.236 49 1.206 66 1.213 83 1.175
16 1.233 33 1.220 50 1.220 67 1.209 84 1.171
17 1.221 34 1.228 51 1.207 68 1.205 — —

E9 F4BMESR
Fig. 9 Discharge point at the 4th cycle

Z

E10 F10BMER
Fig. 10 Discharge point at the 10th cycle
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Fig. 11 Discharge diagram of capacitor element
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