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Fig. 1 Experimental platform for discharge characteristics
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Fig.2 Schematic diagram of discharge electrode structure
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Fig.4 Combined inter-turn insulation structure
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Tab. 1 Electrical properties of insulating materials
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Tab.2 Gradient reference table of step by step boost
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Fig.5 V-t characteristic curves of turn-to-turn insulation

T AR FAEFE R 50% V-t 1 FEhF 46 2 b1 Ry
R B R E N SR o 2 ) A VS
BT, LA 509% HE 2 0 B ] A A A by | i 2R LR R

XTI ST oL T A T 4 2 Rt oA 38 F
A1 ,6020 % PET K5 6050 Y 5 f W0 i i i L
A AR A A Sk B I AE 120s 1 He B[R] P 9
ZE 9 M 102, 46kV/mm 96. 89kV/mm , T & T
Y AR RE, T410 %) Nomex 4 245 4514 i 28 37 R 1%
T 6641F BIPCP: DMD 4620 4%, 6 41 8] i 5 s 18]
Nomex 4%l 253558 29 4 DMD 48509 74. 1%
3.2 HEB 1B BE X A 4% FE I RS i A A

K e (8] R J5 58 B 10mm , 15mm  20mm UL
e 25mm , 435 X} 4 P I [R] 266 % b4 Ak 4 7 3 T R
SEH PR 8 45446 2 A LV THI DN 45 Hh i ik el ) B



BXSHRE TR B SR AE. AR AR v T O (B 5 b T L R PRI S [ )] A R RERE AR, 2019,38(3) 1 1-9. 5

22

. A A
20} : LR &

3 ® Nomex 42 4%

0.8 12 1.6 2.0 24 2.8 32
lgt

K7 BB T E, -t PR

Fig.7 E, -t characteristic curves in logarithmic coordinates

MR AL R Horp d FRORTRIANER, U, R N 45
Feo MR8 ol LAFE Y FER A ST R T AR RRE
Y8 SRR DN 45 1L T B P T B A A A ML BT 22
Sk, — 7, SRR L, 48 R AR AERL A N 45
PR P A L ] B 722 e T 2 AR e e P A v ELAS- TR R
IR 2% LT R 0 PR/ . T Nomex 485 DMD
I T Ae s e AR ARSI S A 4K [R) )BT 27
it WS AR, T PET W1 588 IV i 7 ]
JE WIS AT 5 RERL, R W 21 G a4 25 61 R
{ODAEGENERR AT A e ay v Sl i 2 e o

—u—410% Nomex 4K

[ --e--6641FRDMD4K
i _
10 F

_ —

Z
= 9 /
8 -
¥ A
7+ __fé"_/
6 §_,»—"/
58 lIO ll2 Il4 ll() II8 ZIO 2I2 2I4 2I6 28
d/mm
(a) S ARSEAHAL IR 4% ey R AL AR
9.0
—a—6020%I PET 3¢ B i it
851 -y 60502 R e Wl /i
8.0 | / I
> 75} I 1.
5'70 l/é—’_‘,—"/’rT
65 B
|
6.0 | I
55 L L L 1 L L 1 1
10 12 14 16 18 20 22 24 26
d/mm
(b) VR A} IR 4% et 2R AL AR

8 I PN 4% FiL Js B P TR AR AL L

Fig. 8 Variation of flashover voltage with discharge spacing
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Fig.9 Schematic view of secondary electrons emitting
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Fig. 10 Weibull distribution linearity test diagram
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Fig. 11  Weibull distribution of breakthrough experiment
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Study on discharge characteristics of heat resistant inter-turn
insulation materials in power transformers

ZHAO Yi-kun'?, ZHANG Guo-qiang"*, GUO Run-rui', HAN Yu’, GONG Xue-hai’
(1. Institute of Electrical Engineering, Chinese Academy of Sciences, Beijing 100190, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Global Energy Interconnection Research Institute, State Grid, Beijing 102209, China)

Abstract; The inter-turn insulation often runs in an inhomogeneous electric field. This is the weakest link in the
insulation structure of the winding, and it is also the focus of the insulation design of the power transformer. In or-
der to obtain insulation properties of insulating materials, we conducted insulation characteristics tests with Nomex
insulation paper, modified DMD composite insulation paper, PET film and polyimide film under 0~20kV excitation
voltage. We plotted the V-t characteristic curve to compare the breakdown characteristics of various insulating mate-
rials and explored the influence rule of discharge distance on flashover voltage along the surface by creepage experi-
ment. The two-parameter Weibull statistical method was used to calculate the Weibull distribution density of insula-
tion failure of materials, which provided the basis for the reasonable selection of insulation materials for power trans-
formers. The experiment results show that, the breakdown strength of the film material is much higher than that of
the insulation paper, but the electrical aging rate of the film is higher than that of the insulating paper under the in-
homogeneous electric field. The variation of the surface flashover voliage with the discharge distance is related to
the type of material, and the change of fiber insulation paper is approximately linear. The flashover voltages of the
four insulation materials are much lower than their respective breakdown voltages, and they all exhibit a large dis-
persion. The Weibull distribution density expression can be used to estimate the insulation failure rate and provides
theoretical support for the prediction of insulation life of power transformers.

Key words: inter-turn insulation; V-t characteristics; flashover; Weibull distribution



