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Fig.4 The threshold value of strain under the action
of long thermal aging time and high amplitude stress
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1.0 10
o 0.5 QO 5

= = o
~ e b
w0 g 0
Betd Bee
05 ® -5

-1.0 -10,

0 90 180 270 360 0 90 180 270 360
LA ) LI )

(a) TRHEEIRHT B (b) TR R B

20
2 10
HIITHH o
Rt
E-10
2% 90 180 270 360 2% 90 180 290 360
AL ) HBLIC )

(c) THCRLJRIZUBT B (d) i zr

E 6 EERM R PRPDEE
Fig.6 PRPD spectrum of each discharge stage

TR AL B o B R 5 N 1) s, EL AR AR A A
FAAERFR I o Bl T H A RS A T 2 HL DR RS
Wi 2 G B ORL, (85 (8 A e o 2 T 1K, T L 32
T AR 23 AR A2 P Jey S T P e R DAy e AR A 114 Jd T T
WL [ BRI it B S A, e RS G B B % i
[ TR A B B A A o e B Bl i R ey, R
HHAE 6~ 10 nC., Jey Bl HL o AR O A B8 2 4 M A0,
HAFSEm R AR o e Rl 20 B B i i R 23
HERRRELT .

VeI 8] d5 K CH R ALt W e A9
K SRR B R B BE o PR 7RI — T B B B, B
ORI PR 8 A4 P B A0 3 46 Sy I R R A B
AR — 2 P KOF- 2 BT LA BB TR B B 1
L B BEEA T JR w8 T R R kS Y £ B 0 A
A —E R ATEEE
3.2 LA RL A1 MR B X 4R AR 48 S5 1 B ST

Xt 2.1 7RSI i (R B AR AR T R
LT, TE SR AR A5 L R (22 V) F i s B
ENGE S CRSE) G N CR S S S S
Fad i PRPD 3 IR AN R N7 i (BT 4H i i
ST T o

It 5 (L A 3 K, AR AR P PN B 45 R Wi 38 9 1 R
R, A P s ) 2 8 0/ o AL g W (XS
AR SRR PRPD 35 B R AN AL 7 7R o

8r

6
4
2
0

Jr AL B/ C

90 180 270 360
LA )
(a) 30 MPa/ i FEPRPDi¥ £

Q
g
i
Bee
By
j@
-10 . . . s
90 180 270 360
B )

(b) 70 MPaJ=) i L PRPD1 ]

7 AEEETHRBGEEBRE PRPD i&E
Fig.7 PRPD spectrum of partial discharge of
paperboard under different amplitudes



129 XEAE 2 PILIERE T TR AR 28 G S WU 2 e D5

30 MPa I YR IE 25 0 “ 1R FE L R b
THIT 5 TR B A R B A X0, T 70 MPa )i
S 208 iR 171 L1 R e VN € e L VARG 1) 2R = 1

BIUAHNE 3 W AL AT 258 Jm) 8 T80 L AR A 45 W)
Ui 8 Frz , V-4 v e g i v R A SR )
{ELRHE R TI R

08¢
2 07}
-!I;lj
=00
F 0
T os
0.4 ' ' '
30 40 50 60 70
& {E/MPa
(a) P&
% 6500
< 6000
5500
g -
> 00055 40 50 60 70
M5 {5 /MPa
(b) JHE AR R

8 AREMEETRLBEHHBEILE
Fig.8 Characteristics of partial discharge of
paperboard under different amplitudes
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Fig.11 PRPD spectrum of partial discharge of
paperboard after 800 hours thermal aging
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Fig.12 PRPD spectrum of partial discharge of paper-
board under different amplitudes after thermal aging
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board under different amplitudes after thermal aging
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Influence of thermo-mechanical combined stress on insulation and

mechanical characteristics of oil-impregnated paperboard
LIU Zhihua, CUI Yanjie, JI Shengchang, ZHU Lingyu
(State Key Laboratory of Electrical Insulation and Power Equipment(Xi’an Jiaotong University) ,Xi’an 710049, China)

Abstract: The main cause of transformer fault is insulation aging and damage caused by internal oil-paper insulation system
under thermal and mechanical stress. The effect of thermo-mechanical combined stress on oil paper insulation is studied. Oil-
impregnated paperboard is subjected to thermal aging at different times and different forms of mechanical stress are applied ,and
the strain generated by the paperboard under stress is measured. The effects of different loading conditions on the characteristics
of withstand time, phase resolved partial discharge (PRPD) spectrum, average discharge capacity and other partial discharge
characteristics were analyzed. The longer the stress loading time, the higher the stress amplitude or the lower the stress
frequency ,the more severe the damage of the oil-impregnated paperboard under the same mechanical stress,and the worse the
mechanical insulation and mechanical properties of the paperboard. Under the action of thermo-mechanical accumulation, the
effect of different mechanical stress is similar to that of unaged, but the morphology of PRPD spectra after thermal aging is
mostly "rabbit-like" . With the increase of thermal aging time, the insulation life of paperboard first increased,then decreased.
The results of this study will provide a reference for establishing an aging model of oil-impregnated paperboard under thermo-
mechanical combined stress.

Keywords : oil-paper insulation; thermal aging; thermo-mechanical combined stress; partial discharge; phase resolved partial

discharge(PRPD) spectrum
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