E37EF4LH
2017 £ 4 A

% 2 & % iR S

Electric Power Automation Equipment

Vol.37 No.4
Apr. 2017

FE I LA A A e 25 D AR 25 5 W

2

he 1k 4

(SIS S T S
(1L #MKF A TRE AALFER L M 350108;

2. B A% E A A R E] 4

Fad ek M 350003)

BE., Axp AN B R F AR REEENRESHEARL R -3 T REBdRLEL Wk,
MEEZWE LS ER Sy ERBITHE SRS T EEOKER LR FHIL K, 5LEELKS
Rleg k2 A EAEERZHRLEERESE, 26T ERONXBFERITAR 00 FREL. DL E
JERF B AN T ARG R ER AR T MR E LT E S MO TEERKITM S K, R

FI Wi e G i AR AT T G R ARG

KA, RED, WAL, WRMHIME, RBAE, SLQE, BED K

hESES . TM 855;TM 41

0 518§

RS I ARG G B 2 —
IBAT AR X RS B T AR is T B A o
HEAE Y, ARG RGO R R A P R
TR Y x| DA IR 7 T 4 ) 4 % R AR S BEAT A 3K
R e N SN U 20 2 1 K E R E Ry S S

[ A v 1 32 LA At 3 A f o 7 B 9 Sy i 7 B
AR T AR AR G R G B B OIS SR R, Sk
[6-7 19T 1 AN [R) & Al A5 B2 94 28 s 45 Xof (] 52 it s
LA B AE B0 , 205 SR 3R WAL T 45 19 208 GOIR 282 |
U ] R s A P T 1 = T RO 5 SCRR[8-9 )
A 3 X 91l 46 48 it R AT S = T R A
BIRT A R TR A 063 A8 T A S AR (B S 5 SCRR 10 ]
BRI T 46 G 40 3R 5 B2 Xk [0 52 R s A 3% R E 6 Y
SO AL 5 260 2 4R T 5 T I [) R ) R R
KA EHIE# PR — B RARIE

BT 11 5 v T A 78 T e 28 18 W 5 YR I A TE
— N B IE i O ] B A T A A A
HEATIZ W BN T AN [A) B 5 A 728 s 4 L 28 ] — A2 T
i A A [ 00 34 2 7 304 31 B9 e ik i 5B AN A ] A
AT 2t GRS A T B A 12 W 5 X LA DX 0 40 1B 446 2%
2% 0 4 G il 14 2 AR A R RE X il 406 448 5 A R AR
FIWr DT HE LA S R 7 Al R AR O TR
B2 W78 T A B9 AR | A7 7R 0 o P 22 T 2% A I
[ A < A [ e

BRI A R o 5 BRI PP AL Ik 4K 4 2% 28 A A
TERAN R A SCHR G — R BT I i2 W 7 3k 0 78 T 4%
{14 ] A2 e e fth £ HEAT B0 e 3 o0 B, S5 R0 S 4

Y fm B H#A.2016-06-21; & E H#.2017-02-19

BEeWMA. DR AKHAFEAEFIAA (61174117)

Project supported by the National Natural Science Foundation
of China(61174117)

XERARIRAD . A

DOI: 10.16081/j.issn.1006-6047.2017.04.018

AR X LB 2 A HFRAE 2 10 42 H e %) 15 S8l Ak 2 1 3%
2 1) B R st B B 1) AR LG K S A A BT 2 A4
I 2 246 2% 2 AR ZS TR) 1) 9 FE 36 R LR A | ] X 4
GRS M ERR 2 W, 2 T 2 AR R AR Rl A
P 2 %) ot 75 1 A B SR UE T AR SCIT 4R T R 1Y
A HR RN R

1 EEREHENBEISEER S

TEAR ISR ZR bR ) 2 A AR A 722 AL 1 F 3 vh
B AR 28 20 A 2% v SR T A Ak X 3 B ) BT R — B
T AR A A X B B B TTAK S TR B A A S B 8 E T
R T A A A 4 st 4 58 32 DAL T st TR AL ) K 22 R T
Frmm e, FmEA BRI SN RS T,
24 2 M SRS R HRORT R S ROR R AR 2 By
Jo B S T L BR R R A A A B A R T A
&) A, PRI 7 Az 2% WA AR A R 1280 AR e
Maxwell-Wagner 5t i i 16 A8 & 0 318 20, XF 7 &
A m AU AR SR A A R () BT A
it TR LA 1 5t BRI B B A T =i (i= 1,2, -+ ,m)
A R R m -1 DR, RAXZ
Maxwell-Wagner 5 Ifi #i6 % - 18 20k 2 48 1k R 15 1
2598 {2 Hanai 5538 i — & 51 19 52 560 5247 ) 40 1
AR 2 A0 F s B AT AR ) AL A
PIEIFEPLELFE  FP & F  F P En (1)
Hodri=1,2,- msp, WA 2, A HH L,
Z AR SRR B A bR LU m -1 A
T4 7 R RCA) BRI m AR R B9 R ST
TE BEAL 5t Bk A rp 04 2 AN S B 4T N A Debye
St TR WD IO 0 20K 260 % 14 (] S F ) V7 PR K0 AT R O

w ()= A" 2)

Horp A 85 i A st AL AE B b B i ek T
T R [ n=m -1 B E A, £



% 41 PO T IR0 728 S 28 T 4K 24 410 ®

FRAR RS ST B A WS ERAT O h AR R A RE S A
YRS P SE | ot TR BORI 2% 5 B A4 TR B AR R A
L AR H AR HE S5 R B AN (R T O

MMAE G RFRETERGFLER FAH%ER K
Jit 2 M 2 Ak S AL & A B AR SR R iy T 4
RGP AW BB BSR4 L E S
B AR BT AR AR 22 i 35 [ 5 S04 () 9 st 5
Wi )i, AR MR AR AR s AT Z Bl ICE AL i PLIK
1V e 2z s A2 R0 Bk R R |
FLF YRR TR AR R A LR, 2™
Yyl 2 3 2 4 5 Z 58 TP )W) SO AL R | L 45 R 2
Ha AR e 02 2R I U | 28 2 v A B R R A HL i
BAT ARG RO RO S R R 2 W
GeE PR TR

A (0] 52 F R 0 £ B B, A Rt T e 7 ] £
T LB 1] 52 F e 728 A A Xk 22 1, B T R A R T
MBI 0B AL 0l 52 e e iy £ P 0 55 T 48 3 A0 BB
R 0 st B e LA UL R [l A2 R T b A AT
A Tob it 5 W I A S AR A% St B R A B S S
ARG R B R i AT o A8 s i 4 2% 2 AR 2 4R 1

L
2 EIEREHL MRS RIS

IS b H A R AR 2 R G D Y R
B2 iz e R HOR RS ot 70 ) pR AR L 85
VLY, o S0 2 SR LG T /N A st o 1, PRt AR
SR A 53 i e A 1) 75125 A SR BB BT IR A5 A 1 st R
M) T AN T s 1) 50 1 st T8 30 368 by £ 2K S o7 ik A [
A B R A S T UR 8 — I3 M, AR SCR B I A
J IR 38R0 o0 e 1% 0 BRI O A SR T A 4%l
T4 7 PR, ST A A G figh ak A e ] HRCAS (R
F14 st T4 T 22 1] B R B R W
2.1 HEERENERHSELENERES N

X [ 52 H R 3K (2) AT B o0 A B 3fe LA I )
1] ¢, A5 21 0] 52 R e e 302 20 3 2k ek B =X (3)
Fios

_ du, oy 2
ud(t)_ tdt ];AJ T.

=) (3)
SE SC by (1) 0 I SR 43 1 3% 4R I el A 43 i 2

JE 2T IS S A R ik B LA B ) K
22 3510 2 5 IR o, (1) =300 33 F ¢y (2)=
1020 MBI HEATXF L A0 BT |2 4% F i 4 10 06 2 DL &
1, HAEM%&ARN =30 s B, $,(30)=0.73%¢,(30),
UL HA R o, (0) A I X6F P 7 £k 22 A e S 3R 3 /D
DR I T i 2 A s 28 i A0 1 24 2 T e 1) 50K 9
FRELAME , [FELXT Tl 2 4 Pk Z & m ik,

T R OR S 14 (L 240 55 T I ) R0 R R A 3 R X
FOMEL, PRI, l A [l 52 R s B 3 ol o 3 K o O 0
B iR A% TR

10°

B MM RE 2 &

FiEsk
Fig.1 Time-domain differential spectral curve and
its two sub-curves
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differential spectral curve unfolding
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Table 1 Relationship between sub-curve quantity
and insulation state
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Table 2 Basic information of transformers
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Fig.3 Recovery voltage differential spectral curve

and sub-curves for transformers
with good insulation
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Table 3 Relationship between K. and
insulation state
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Table 4 Relaxation response parameters and insulation diagnosis results
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Transformer oil-paper insulation diagnosis based on time-domain
spectral curve characteristic parameters
HE Dehua',CAI Jinding', CAI Jia®
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2. State Grid Fujian Electric Power Materials Company,Fuzhou 350003, China)

Abstract: Aiming at the insufficiency of oil-paper insulation aging state evaluation by the dielectric
response theory,a method for diagnosing the oil-paper insulation of transformer is proposed. The differential
spectral curve of transformer recovery voltage is unfolded,and the relationship between sub-curve quantity
and insulation aging state as well as the relationship between relaxation time constant ratio K. and
insulation aging state are analyzed for the diagnosis of transformer oil-paper insulation aging state. The test
data of multiple transformers are analyzed and conclusions are obtained:the time-domain sub-curve quantity
of recovery voltage differential spectral curve changes according to the oil-paper insulation state,the more
serious the oil-paper insulation aging state is,the bigger the sub-curve quantity is;and K; can be used to
diagnose the relative aging state of insulation oil to insulation paper.
transformers; oil-paper insulation; time-domain differential unfolding; relaxation
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