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Study on Damage Mechanism of Film-paper Insulation of CVT Under
Different Electric Fields
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Abstract: Capacitor voltage transformers (CVT) are used widely in EHV/UHV power systems. The failure of CVT
not only affects the accuracy and reliability of electric energy measurement but also the stable and safe operation of
power grid. In this paper the CVT capacitor unit with the highest fault rate is taken as the research object. By making
the sample suitable for reflecting the electrode defects of CVT capacitor core, the corresponding experimental plat-
form is set up to perform the breakdown experiment under different electric field conditions and analyze the break-
down point distribution of the sample. Moreover, the damage mechanism of film paper insulation under power fre-
quency voltage, positive and negative polarity lightning impulse voltage and AC superposition impulse composite
electric field is studied. The experimental results show that the edge defect of aluminum foil electrode of CVT capaci-
tor core is the main cause for the insulation damage of film paper, and the types and changes of electrode defects de-
termine the spatial distribution of breakdown points. However, the difference in the ‘trap’ effect of polypropylene
film on positive and negative space charges will lead to transformation of the dominant type of breakdown point under
different superposition amplitude and phase.
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Fig. 2 Picture of capacitor core sample
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Fig. 4 Schematic diagram of test platform structure
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Fig. 6 Scheme of superimposed voltage

U

2 HRMTE

2.1 TINMEBETFEIE

REEFTR AL E TR R R B g i R
A HL 3 TP SRR I T R I (LY b B A, R
Th I T CVT 4R 4 20 RE 1 T 400 5 48
HLE Uno IR LS A 200 T80 i 356 [l %, LA
1 kV/s 8 T 008 7 9] e i DA ol 52 i A 1 HRL P
WRAEL o 7 B 1) v oy e 9 288 B 52 s A5 T3 & %)
5% o H 3 DA o R s U L 3 sk ki o 2 R D
T, WS A e o 2 AR Ak 2 8, it il 4
O 280, B 5 A 5 1 min DGRV AR 4
GRS, B AR 15 YUG X AR P 2 R A T
i, LA1S Ul g s R IRE T3 (A Az AR 4a 2
R T Y g R IR UL, Z 5P Ol
TE LA R, e 2R s L 5] DL 1R 7

PRS2 R AT R, T R T IR i 1Y)
SR SR R 12.46 KV FREZE R 0.48 KV, HiAf1 A
Jeh 2 ST He il e, iR E T 80% , 5 3 [ 24 ik
ML A A 2 A T 4 AR Y A E AR
W T HA 328 B I B 28 . [A]ET A
KA R R & T C DI, AT 2N
SRR EL R R 12.66 KV, BRiEZE R 0.29 kV, AN[H]
i 2 SRR R AR 7 ULIRT 8

13.5F o AJSLTE A
* CHiliFEm
° DEST s
13.0F [ °
Z ® O
M
o
E2s5t ° *__°
EZ i E 8 T T TTTe Tt
pesd °
IR
2= 1201
*
11.5F

01234567 89101112131415
T RS
(a) b o WE A 5 Ao

100

i 7 A %

B [&
T A
(b) % s I3 A1
E7 ISBETRmIEFEE
Fig.7 Breakdown characteristics of samples under power

frequency voltage

)

(a) A%

(b) C£

(0) D

Fig. 8 Photos of different types of breakdown points
e WA F S A A O Tl 5 S A, T
WHLIE T, AR KB RAS S S . C.DET



+106- 20264E2 A

) §2°% 4

o2t 2

28 i o RS I AR A R I, WA
PAE BRI, JERTE T« B XS 4R §A FE i 2% th
o A T ML B0 0 10 i, s 002 T B P M SR AR AP
H EF AR f AR % AR 25 [ 8 A 3548
HUBA R , B 5 B3 iy, WOTE 45 25 Fa A i 2 Ak 37 7
708 A FEE RIS 5 T C 288 X el A B i i A B et
B Pl JE BN B 4 AT REAEAE ML R S R
., H AT BEAETE B 25 T 3 B0 8 Bl 5 X T /0
4y D225, T LUE 2 28 s AT SefEdf A R 5|
2R BT AL ULEE R S P RT N, 512k 7 X
TS Ao ) B 9 Ao B T ALK A, 1T R T
b JR R s A e, AR AR A P e R AR T
Mo FERI T ik AT g i i A v, C 28 X3k
SR/ IN R AR R R LR TR SR R E 1Y
L2, o BRI B S b . XRKHEISS T
P T8 4 T ) B FE g AR L AR DR UEAE
LA, TAHRE T B.C.DJEAS ] X &
A R IR T A R I

ST, RS CVT HLZL T 1 3 N M TR
FHERLTRTRL AR RS , 40 96 340 2% 15 V0 R () AS W s G i A7
FIZ R R B, 3 A A (B LC D 28 X ] 45 4%
(LA AL UL 9, RO Hi e A X3R5 |48 (1) 4 A TE
T 5 R Al F A A B, 5 AR AR 1Y) S A 2 F A
(B R T B AR H AR ” LI 9(d) « (e) s B X3 I 4%
XS5 HL AR I 0T8T R FL AR DL I 9(b) s BT 46
RS C X AT REAFAE L T R B X e e AR
P O(b) 8 48 LT HUBR G 2 A X6 55 T W A
HLAR 1] 9(a) s (HAE— 2 LR R /NI RFSRVE T T , #8
40 R0 ) S 5 5 B T ISR e 1 € DX LA 0 % 4
AL AR B H A L TR O(b) s D X s U ek 17 e 24 )
4B AR L] 9(c) o

HV(GND) GND GND GND GND
GND(HV) HV HV HV HV
(a) X#ka  (b) XIkb (c) XIke (d) X#Kd  (e) XIike

B9 AREXIEFLEHEIFER
Fig. 9 Equivalent electric field models of different regions
T L R R o g kA R AR AL LI 10,
K10 AT, TR T, i e e ok A XA R
o HRARIE 9 HUAIERL, I8 9(d) L (e) XTI A SRR, H
DA R e . T AR A REURZ O

S S T e o (N VA T s
A, R AR IR R 2E LB 66.7% , K AETE
T2 J5 Y 2 AR 33.3%, BIBE A i 5 kR A 1E S5
i E B A ok 0 5 28 7 7 S A T o(d), A i o kR
TE -5 5 FE MR A2 Mk 14 5 | 28 7 7 35 AR 1 9(e), HL 5 %5
& AR I G R TR A IR o (E{E A
RIS, TE R 9(d)Ab K Ak ) o 2E 38 o0 1B 2 S e 2
TEE 9(e) Ab 7 e A= s 22 ¥ otk R i 2 . X
I, A T8 9(d)  (e) it A A AR A8 s 2R BILRT ) ]
BEORIEATA3A, WL 11, FE 1A, 22 g s oA AR
ety F R T R T 2 JRT R, L P o 2 AR T
11 () (b) 5 X4 i ity Ay Sp 1 o R RS 8 T 40T
f SR, AR 2R LI 11(c) (d).

16 2 T o AR P T
14} — S A T ALY

TR R/ kV

0.00 0.01 0.02 0.03
FF 1) /s
E10 ImrEHEFEE

Fig. 10 Breakdown waveform of power frequency voltage

+HV GND
il %S

* T
EB——
GND +HV
(a) IFHLE Fili R (b) IEHLE Nl R
-HV GND
D
[ @QGB%: l G)@Gﬁ
&
e A
GND -HY
(c) SuEE Tl 73 (d) FB I Rl 4

— SR — R ) — R T RS
11 B—BEEATRABEFEER
Fig. 11 Internal breakdown model of the specimen is
performed under a single voltage
F L9 Rk, FE R — e S 0h 0 T A 2
2, 1t P T [ A 7 2 — %o e A R B L T 11, R



W53 Bk, A, A, SFORIFHLIS T CVT A B CREAR S LIS +107-

“fe PR R — 3 M AR FELA " ((EF R R oA 11 (a), 112
HLHE T S 11 (e)), 1 22 e FEL A — o A R A
(EHRETRHE1Lb), fRBEET HE11(d). A%E
B S A B P ETER R, R R AR o U R L T
AR R [R] 2 JE 7R A G Ak T 5 A o 2K 7 LA
WA R, T PXE R BN 4 SR AL T
RN IR T 2 A i AR N B A A ]
{1 T 0 > R AR 2 2 A A DR 3 B 8 7= A )
4R A H LT

245 R H R LR AR 1 R TE B, 7R R 11 (a) Ak, F
FIE AR 18 2R A 22 5, R FUA B O 9 1E
HL i 5 A0 LA 22 [T B 1 HL 37 45 A1 L b T — 3K
HRONT T30 FEL A R AR R A 5 T 1A 11 (b) A, LA
B AT A T B A8 X [6] 25 S FEL B A2 B0 %) flL e LA
W5 AP SO R & R e . R, 7
it FEL R A T B o 2R TR A ) A R R R LA —
T AR FAR P 11 (a) A, X 7 BT 9(d) , B b FRL A
Hefmrt 5 | 2 i s At

[, 244 5 FE A F R AR P A 7 B R PR
TSR A 2 A A F A — B R A " L 11(d)
Aib, X T 9(e) , BV e s FELAR B2 Ak 4 51 48 R o
kb o VLA A AR F T80 R DR s A 1 (1)
B & A i 2 [RREE 1 I () B v B i b il il
FEo & YT 4 50h 2 BRI o BT A R RN 1)
“IERE—TAR LR
22 FHEMEBELEFIN

ST s B R B SRR LR A
s R ZEE AR R TR R T VT
FE AR 24 20 URE IE | SR Pk 7 f o B R R 50% it
T ZEHE U RIS 222400 ot R R 30560 ] 8
3 3 BT L T R R, R U i s s D 1 it
TR AR/ T o 2 H R 1Y) 3%, FE A2 IR 40 9K,
X L o 25 1 4k i IR 9 AR A 05 R D TR) 40 P e
TSI AIRL B R, TIASIE Sk R bl U
50% il SR R IE A N U, =15.8 KV, U,=15.9k V.,
P o SE A LA O AR D, BT ek 28 e R R
3ZHU Weibull 73047 LSt 2 s 2B LU A5 LIET 12,13,

P P 13 AT, OF | ot A bl R 3l
(R o 28 a5 R A 28 2 ST LB O B, IE AR
9 50%, Ttk ol 54.5%, A1 H F TA0 L ERS A
Rt o DR Ry e ol H P A R TS8R g - T4
F ., i P At DX 3R 8 40 6 I A B B R e
S Ab 4 i 1 LR RO R E 1 H g R R )
B be i3 | Ik 7= A G B R R A8 ) il R AR B
F/INF A DRSO R AR AR o 3K C X

100 F T T T T /ll-__"'»l ,_,k_l 1]

50

0 TR T R 3B
P Weibull/) Afi
IEM M 7 R A
- R E T T R R3S AL
Weibull 4 ffi
AR T 2 R R AL

T FHEER /%
=

{5.2 151.4 15I.6 15I.8 16I.0 161.2 16I.4 l6l.6 16.8
i or S IR BV
E12 ERATEETAREFEEHRZES]
Fig. 12 Probability distributions of breakdown voltages

under the lightning impulse voltage

100F
I i el E
I 47 2 R gl R
sof
£
= 60r
=
iz
& 40
#
20F
0 A B Q D
g RE

13 FERMERETAREFRERSIT
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specimen under the lightning impulse voltage
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Fig. 15 Effect of traps on polypropylene film
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