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Analysis of Typical Faults and Defects of Capacitive Voltage Transformer
CHEN Dongming, WANG Jianwei, LI Yang, SHANG Lixin
WANG Yizeng, RAN Zigiang, GAO Quan, HAN Mingli
(Ultra High Voltage Branch of State Grid Jibei Electric Power Co., Ltd., Beijing 102488, China )

Abstract: Capacitive voltage transformer is an important detection and protection equipment in substation.
In this paper, related suggestions of such aspects as design, operation and maintenance of the capacitive
voltage transformer are provided through analysis of the multiple types of faults of the capacitive voltage
transformer in operation. Firstly, 5 types of typical fault and 1 type of misdiagnosis phenomena of capacitive
voltage transformers in 500 kV.£500 kV and 1 000 kV substations are analyzed. Then, the causes of such
faults as oil leakage of the capacitive voltage transformer, abnormity of capacitor unit and electromagnetic
unit are deeply analyzed in accordance with the real fault example of the voltage transformer at site and also
in combination with its working principle, operating condition, diagnostic data and disassembly at the
factory etc. Finally, as for the misjudgement of self excitation of dielectric electric bridge, the cause of its
occurrence is analyzed by reasonable calculation, and verified by Matlab/Simulink simulation model and
field test. The experimental results are consistent with the theoretical calculation.
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Fig. 1 Equivalent schematic diagram of operation of
capacitive voltage transformer
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Fig. 2 Oil leakage on top of voltage transformer
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Table 1 Diagnostic data of faulty phase
‘iitrﬂ C| Cz
TiH  HARRpF (20°C))AH% A R/PF (20 CA4/%

SEIE 40 400 1.815 41310 1.807
ACFEH 40 140 0.055 40930 0.053
AR 0.648% 3 300% 0.633% 3 409%
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Fig. 3 Ablation of wiring terminal of faulty phase
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Fig. 4 Connection of wiring terminal of normal phase
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Fig.5 Severe oil leakage at the lower flange of the
voltage divider
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Table 2 Diagnostic data of faulty phase

%‘75\’%7—-‘5 Cll CIZ Cl3 C:
BRI g 14.38 14.35 19.17 95.79
HL A WI{E/n I 14.30 14.36 19.06 95.42
S H/% 0.064 0.077 0.081 0.092
A IARIE % 0.053 0.053 0.053 0.053
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DLSH s BE SR EZ R EAE 0.15~0.2 mm,
56 0.1~0.3 mm B IFER K 55 2% B 48 R 15
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Fig. 6 Transverse cracks on the inner wall of the lower
port of the porcelain
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Fig. 7 Structural sectional view of voltage divider and
electromagnetic unit
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Fig. 8 Oil leakage path
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Table 3 Monitoring of voltage values

WS U./kV U, IkV U./kV
4 L 132.17 132.50 132.37
5 HIBEZL 132.23 132.48 132.32
2213 [8] F 141.87 132.14 132.10

PRER Crv, R IEAZ L I A 10 L A o, 78 e ik
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Table 4 Diagnostic data of 2213 voltage transformer of phase A

i AR
i H
Ch Ch C, laln 2a2n 3a3n dadn
S 10310 15 260 66 460 911.2 911.2 911.1 525.7
VA 10 240 12 160 65 870 1100 1 100 1 100 635
A% 0.68 25.49 0.90 -17.16 -17.16 -17.17 -17.21
S A 1/% 0.068 0.084 0.082 — — — —

.38.
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Table 5 Diagnostic data of phase B

Cl3 CZ

I H
HAEPF A BERPF A%
SEAE 16 630 0.017 146 000 0.056
T 16 660 0.055 146 800 0.078
iE% -0.18 — -0.54 —
A U RH : — VR XA 1.2 kQ (AT 1 kV)
AL 1.2%UsIE, Fb 2% . -84.2%, f1 7% : 458 5

3.2%UN, 25 :-85.7%, ffi 25 : 480 9’
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Table 6 Test data of insulating oil
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Fig. 9 Internal fault of electromagnetic unit
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Fig. 10 Operating principle after the fault
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Fig. 11 Infrared temperature measurement of 35 kV
voltage transformer
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Fig. 12 Damper principle and resonant capacitor
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Table 7 Test data of self excitation method

C]3 CZ
T
iTH A B C A B C

4% 0.077 0.104 0.109 0.103 0.110 0.106
S 0.088 0.113 0.152 0.133  0.144  0.201
AHE 1691 16.87 16.89 126.00 126.80 126.60
S 16.87  16.86  16.84 1257 126.80 126.40
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Fig. 13 Principle of self-excitation method measurement
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Fig. 14 Error vector diagram of voltage transformer
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Table 8 Test verification

ik BIELRE  HRAV  HZME A%
132 2 1261 0.152
293 2 1259  0.153
Ik i
13 2 1260 0.155
19$29¢3 2 1258 0.129
1 2 1262 0215
1 0.5 1258 0.147
k2
dadn 2 1262 0221
dadn 0.5 1259 0.166

P FLEIE U A A G e B JE S AT R
RSN BEE R T E IR RIE AR
JEAF AT B SR DS 8, #5 EE Simulink
H AR R R A5 5 O BT L 15
AR L RS 2 R A O 4
i 559 2 IR E 03 s B A 0.1 pu. B 3 IR
P,0.7 s IFFEG]A 0.05 pou. F 5 YRIE UL, BRI
XFEC UL 15,

e TE T8 I
AT
ﬂ‘('f‘;'{{”q*v‘u,.u{"‘r”(u’*f‘“‘l"?;{
S
Ll

15 FNEHEBESERBERE
Fig. 15 Waveform of injected harmonic voltage and
fundamental voltage
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Fig. 16 Comparison of current and voltage phase
differences
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