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Research and Discussion on Abnormal Dielectric Loss of the Lower Section Capacitor of 330 kV
Film-paper Insulated CVT in a 500 kV Substation
CHEN Yitong, LIU Congcong, TAN Zhanpeng, LI Juntao, ZHOU Jia, LIN Jiaju
( Dongguan Power Supply of Guangdong Power Grid Co., Ltd., Guangdong Dongguan 523000, China)
Abstract: Capacitive voltage transformer (CVT) is an important electrical equipment in power system for
measurement, protection and metering, and is widely used in substations at 110 kV and above. Its insulation
condition has a significant impact on the stable operation of power system. In on-site tests, the dielectric
loss factor (tan §) is often used as the base for judging the insulation condition of CVT. However, in some
CVT with film-paper composite insulation structure the Garton effect is existed. Sometimes, such abnormal
data as high tan 6 may occur in the dielectric loss test at 10 kV and below, which cannot reflect the real
insulation condition of the equipment. In this paper a case of abnormally high dielectric loss in the lower
section capacitor of a 330 kV film-paper insulated CVT due to the Garton effect is analyzed, the determina-
tion and handling methods of the Garton effect in on-site tests of CVT are proposed, providing a scientific
reference for the dielectric loss measurement and insulation condition judgment of CVT. This is of great
significance for maintaining the operation reliability of power grid and improving economic benefits.
Keywords: capacitive voltage transformer; film - paper composite insulation structure; Garton effect;

dielectric loss factor
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Fig.1 Capacitor unit schematic diagram of tested CVT
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MM 2 kV FHE 10 kV, IS5 R a0k 1 FnE 2 fir
Ro M 1A 2 tha] L& BRAE IR T2 4 kV
iF, FATHLARE Cs ) tand SN 0.187%, B2 i ASHT
0.2% FUER I H Cs 1Y tand BRI HL BT R
K ARG RS 10 kV B, Cs 14 tand LA 0.095%.
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Table 1 C;; dielectric loss of reverse connection test at site

/Y tan&/%
2 0.249
3 0.216
4 0.187
5 0.165
6 0.148
7 0.133
8 0.122
9 0.112
10 0.095
025+ 0.249
AN HE SR
020 koo N TUBEER
= .
S
8 0.15
0.10 0.095
0.05

2 3 4 5 6 7 8 9 10
TG L /kV
E‘ 2 Iﬂiﬁﬁﬁﬁﬁt% ClsE"] tané

Fig. 2 tané of Ci; dielectric loss of reverse connection
test at site
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Ci B %% 2 kV W tand 4 0.235% , i 2 tand /)
T 0.2% BYZLR , MK R TH 2 4 kV B, Cu Y
tand FE 2 0.181% , W ER o ffhn TA RIS , Cis
H ¥k 2 kV 4 kV 1Y tan d 43 518 0.125% Al
0.128% , FI ¥ tand B4& o PRI, 3 v i e e 5
XF R L A N R S P AT B mT D B e R
i Cs Ak tand K/h
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Table 2 Self exciation method test result before and after
applying 50 kV power frequency voltage

IR HL kY T & i i} I
tané /% 2 4 2 4
Ci 0.235  0.181 0.125  0.128
G, 0.100  0.077  0.083  0.073
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22 BRI
22.1 REMEEEKEGN-Fnl =

XFIR TR 15 HL 2 A A 2 FEL R 63.5 kV R
F§ 6 h J5 22BR— U H HE DAL= FR A B 4[]
B% 0.5 h, ffi 1 AI-6000 A& 25 - ELAF X Cn F C, 3
17— B 2 kV I EY tand I, 46 I AS ] 452 e,
BT B HL 28 A tan 28 4L, IR 6 25 AN 3
Kl 3 FiR.
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Table 3 Capacitance of C; and C, as well as tané variation
under different power off duration

5 Cy C.

/A BAERMF  @ndl%  BEAEBRMF and/%
0 17.69 0.061 96.17 0.081
0.5 17.70 0.084 96.21 0.088
1.0 17.70 0.099 96.25 0.092
1.5 17.70 0.113 96.31 0.095
2.0 17.70 0.123 96.30 0.095
25 17.70 0.133 96.21 0.099
3.0 17.70 0.141 96.24 0.101
3.5 17.70 0.148 96.17 0.105
4.0 17.71 0.152 96.16 0.111
45 17.71 0.160 96.27 0.118
5.0 17.71 0.165 96.24 0.127
55 17.71 0.168 96.31 0.134
6.0 17.71 0.173 96.31 0.136
6.5 17.71 0.175 96.22 0.137
7.0 17.71 0.177 96.31 0.136
75 17.71 0.179 96.31 0.135
8.0 17.72 0.181 96.37 0.135
8.5 17.72 0.183 96.34 0.136
9.0 17.72 0.187 96.23 0.136
95 17.72 0.187 96.28 0.136
10.0 17.72 0.188 96.31 0.132
10.5 17.72 0.189 96.34 0.132
11.0 17.72 0.190 96.39 0.131
11.5 17.72 0.193 96.32 0.131
12.0 17.72 0.194 96.42 0.130
12.5 17.72 0.195 96.41 0.130
13.0 17.73 0.196 96.28 0.129
13.5 17.73 0.197 96.32 0.129
14.0 17.73 0.198 96.28 0.128
14.5 17.73 0.198 96.36 0.128
15.0 17.73 0.200 96.32 0.127
15.5 17.73 0.202 96.38 0.126
16.0 17.73 0.204 96.36 0.128
16.5 17.73 0.205 96.36 0.125
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Fig. 3 Capacitance of Ci; and C, as well as tano variation
under different power off duration
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Fig. 4 Capacitance of C,; and lower section integral Cy as
well as tané variation before and after withstanding voltage
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Table 4 Capacitance of C,; and lower section integral C;, as well as tané information before and after withstanding voltage

iy _ C _ ARGy
TV i it T s T i I

LA = /nF tand/% L2 /nF tand/% 2 /nF tand/% A E/nF tand/%
2 17.80 0.191 17.78 0.098 15.02 0.141 15.01 0.076
3 17.80 0.198 17.78 0.099 15.02 0.144 15.01 0.078
4 17.79 0.177 17.78 0.100 15.02 0.143 15.01 0.076
5 17.79 0.134 17.78 0.099 15.02 0.132 15.01 0.074
6 17.79 0.133 17.78 0.088 15.02 0.116 15.01 0.074
7 17.79 0.123 17.78 0.086 15.02 0.110 15.01 0.073
8 17.79 0.101 17.78 0.083 15.02 0.102 15.01 0.072
9 17.78 0.098 17.78 0.078 15.01 0.097 15.01 0.071
10 17.78 0.092 17.78 0.073 15.01 0.091 15.01 0.070
20 17.77 0.059 17.77 0.052 15.01 0.062 15.01 0.055
30 17.78 0.048 17.77 0.045 15.01 0.051 15.00 0.048
40 17.77 0.046 17.77 0.044 15.00 0.048 15.00 0.046
50 17.77 0.044 17.77 0.044 15.00 0.044 15.00 0.045
67 17.77 0.044 17.77 0.046 15.00 0.044 15.00 0.045

IS L RS 20 kV G Cs B9 tan§ S F AT A 22 A1
KR LR 67 kV B tan s 0] 5 i R AT JL-F—
Ho BARBMAK,

TE T A 32 W, s 1290 55 Jg 30 5 v o 00 6 v
179 kV T JiTit 32 H H 60 s 380 @ it . 127 kV Al
88 kV I Jay &S ikt i 231y 2.7 pC A1 0.3 pC, 3 B <
10 pC 5 <5 pC MZER I 545 .

223 WA BRI

X HL A A R YT LA SR 1Y A LG e 2%
TPEAT S 7K T R 9 g AR, B, 255
mk s P, FTLLER] ) K2R, AR
TR K T R R (5 25 R A A A BT LA
B TCNERH o

*5 BHAHFHRAKRER
Table 5 Test result of capacitor oil
2 i
TS R T
Pk (mg/L) 9.3 9.6
TV 60.3 62.9
H, 18.14 10.43
CH., 4.12 5.33
C.H, 0.18 0.26
MEEEdE  CGH, 0.61 0.46
(WI/L) C.H, 0 0
CiH+Cs 491 6.05
co 42 53
CO; 274 260
R 2 wm 16718 21 164
W~ 5 wm 4138 5374
15 pm 351 419
25 wm 25 37
100 wm 0 0

. 84 -

224 WEBMIKES

X LA AR B AR AR A T AR A
HL 250 FNEE HEUE , iR 5-6 FiR i A4
FE BB AOT 5IMIAY AR

b

T

N ARIE T2k
GRS

A - \

LIRS

—

B 48 ; GRS

Es5 THRASR(L)SHFTEER(T)IANRELT
(&5MEERIR)

Fig. 5 Capacitor cores of the lower capacitor (upper) and
middle capacitor (lower) ( including outer cardboard )
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Fig. 6 Capacitor cores of the lower capacitor (upper) and
middle capacitor (lower) (excluding outer cardboard)
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Fig.7 Copper foil surface of capacitor core of the lower
capacitor (left) and middle capacitor (right)
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