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Comparative experiment study on deterioration of oil-paper insulation
performance by surface discharge under static and flowing oil conditions
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(1. a. School of Electrical Engineering; b. School of Information and Control Engineering, China University of
Mining and Technology, Xuzhou 221116, China; 2. State Key Laboratory of Power Transmission Equipment &
System Security and New Technology, Chongqing University, Chongqing 400044, China)

Abstract: In this paper, the physicochemical and electrical properties of oil-paper insulation in the process of surface
discharge deterioration under static and flowing oil conditions were studied. The discharge product and moisture of oil-paper
insulation were analyzed by infrared spectrometer and micro-water measuring instrument. The multilayer microstructure of
oil-paper insulation was analyzed by viscosity tester, X-ray diffractometer, and scanning electron microscope. The
conductivity, electric strength, and partial discharge of oil-paper insulation were analyzed by electrical measurement. The
multi-type discharge deterioration characteristics of oil-paper insulation in static and flowing oil were compared and
analyzed. The results show that the flow of oil slows down the surface discharge deterioration of oil-paper insulation, retards
the rise of electrical conductivity and the decline of electric strength, and inhibits the occurrence and development of surface
discharge. The surface conductivity determines the difficulty of surface discharge, and its increase results in the statistical
distribution of surface discharge times showing a repetitive characteristic of "wave" gradually. Discharge frequency
determines the surface discharge deterioration and destruction degree of oil-paper insulation, which is an efficient
characteristic quantity to evaluate the deterioration state of oil-paper surface discharge.
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Fig.1 Experiment model of surface discharge
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Fig.2 Experiment circuit diagram
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Fig.3 Optical morphology of oil-paper surface
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Fig.5 Infrared spectra of oil-paper surface

S AH B, 7E B BN 1 700 e BT IR T 3G 0% i
U, 3 B PR IE (C=0) I 4 ik 3h 51 e , R B 4 %
R PeIE 2R AR [FI I 3508 2 800 cm! Al
2 700 cm P 3T H BB , %of B i JE (H-C=0) %F
TIE V&R, 3R B B W b — 8 B 2R R 5 T
HL 180 h J » VT 4% 26 T A4 20 A0 't 1 v i i 465 F U 4R
SRATAE , H I JEEARR AIE e ¥ 2R, % W bk o) 7 75 P AR
TEERYR AR IR R R TR, 7E
Ak e b 4R TR JBCHR 45 AR PR B P I o ik Bk 2%
FVRBR IR, FE TR A8 irh 2% 3R T 2 A B iR 7 7 B
THIRBE

(27K 3 A ik

K Gy 23 PR E 0 A R 48 R RE L R 42 T
R, SIG WA I AR R AR FROK 2 B

6 ffrzm. MK 6T LU Y, fEBCE 75 Lt f v, AN ig
BN R I A 5 L ER I e, 26 2 AR 48 2 it v 5 K
B RFH KOG, HK 7y B8 AT 45 9%
o s [ I U Bl AR S KRR I S LR ) S K
L (R B i A 2 2R 1) KR T R B i
Y ARI) & K BB

54

> . r48
4 -t =
—=— Fidh i 4 42 €
£ 3] 136 %
i =
2 2 F30 0]
s 1 _—  lux
£+ 0 /‘ [1g <o
€] s .3
o [12E

24 . —a— 1L L6

-3 . —L0

0 180

90
JRCHRLIN [ /h
El6 MEK_MHEERKDTEE

Fig.6 Moisture content of oil and paper two-phase system
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Fig.7 Molecular chain structural unit of cellulose
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Fig.8 Average polymerization degree of oil-paper insulation
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Fig.9 X-ray diffraction pattern of oil-paper insulation
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Fig.10 SEM images of micro-area oil-paper surface
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Fig.12  Electric strength of oil-paper insulation
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Fig.13 PD initiation/extinction voltage of oil-paper insulation
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Fig.14 Two-dimensional statistical distribution maps of
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