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Assessment of Ageing State of Oil-paper Insulation Based on Grade Cloud Model
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(1. College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350108, China; 2. State Grid Fujian Electric Power
Co., Ltd. Jinjiang Power Supply Company , Fujian Jinjiang 362200, China)

Abstract: Aiming at the problem of inaccurate aging assessment of single characteristic quantity in the oil-paper in-
sulation dielectric response method, the grade cloud model is proposed to assess the aging state of oil-paper insula-
tion with multiple characteristic quantities. First, the matrix pencil method is used to identify the parameters of the
equivalent circuit, and two new time-domain characteristic quantities that can characterize the aging state of the geo-
metric branch and the polarization branch are proposed respectively. Then, the comprehensive weight calculation is
performed in combination with the subjective and objective weighting methods. Finally, the grade cloud model is
used to construct the assessment model of the aging state of the equipment. According to the theory and the actually
measured data of the cloud model, the digital characteristics of each standard grade cloud model are obtained. The
correlation calculation of the various indexes of the equipment to be assessed and the standard grade cloud model is
performed to obtain the insulation aging grade of the equipment. It is proved by a number of examples that the assess-
ment results obtained by this method can correctly reflect the real condition of the equipment and have high applica-
tion feasibility.

Key words: oil - paper insulation; dielectric response method; aging state assessment; matrix pencil method;

grade cloud model
EN:IPHPORT Eiw ik SO VE RGN v Ll
0 3l 10 Bl A 25 P B 000 LIRS B SR A

il

mgﬂ&%z_ H\:IE '_.%L'Jé//ﬁ‘% EEJJ %Zﬁﬂ%é 4? E’:J [‘ETJ L‘pm N H‘EH# I‘ETJ 7%’5%5( Ficom "' B/é @*%Eljéﬁm%ﬁ S \Tgﬂ'ﬁ
E%ﬁﬁ%z#“‘ E{HT R ﬁ’ﬂ(ﬂﬁﬁ‘ﬁ'%ﬁfﬁr{m 2&2@%{ Tﬁkg A™ gﬁf%ljaﬁgiﬁléi QM *&’ﬂf/]‘ Eﬁlgﬁiﬂgﬁ llum;R[S] N

SACIPA R A g s ey gt BICIRR ar U br,, P 5 2R T
A AT X, s 2 A — 2 R, R S5 LA T BBk

Wi B #1:2022-08-10;  f&[E B #:2022-10-15
EE&WH : [HK A AR ARSI H (61174117),
Project Supported by National Natural Science Foundation of China(61174117).



FARGHE

XNRE, WM. 2T 59~ BRI AR S8 (IR PEAY <177

FEHE, & T A B B T WAL S, DA B LR N
WA AL 8] 75 SC[41 285 5 2 AUATLEE 347 X5 FL T 4080
PEATECA T B s T4 STk A LU Rt ik 2k g
Q. I H AT SR 0 kA S R ik R s 2
TE VLRI R E RS

H—ERIE R IS W HAT Rt T AR
R R 22 22 3 25 25 TR 2 PRI £ 9132 FTAS 3
REATLE AW, AR B T R AR R B, 4N
TOPSIS 3 DX [A] R 43257 IR 48 DI B2 A AR
FIEC, HoA S 8hE A N i A S SRR A
] P AR € S TR , R ) DA 1 246 2 RS 5 S 91 FI
FEBE AR BRI X PPAL P AR A T PR SR R B T 29, A 3%
LBRIUA AR bR, T LR AL SR 3R, W R 728
I TEAL S5 AR HER . (HIX 2oL GO D0 T
DA BRI R A SRR RO e LR R AR
WM, AN BB LS S B BR 1O o

T 3R I AR G R A R DL R 5E 3 H A
O MIZEA DAL i, SChis AR R ki 15
BRI, $ T AR AR B BT R £, O T A
R ABIIEAT Z R E e bR 0 4 % 2 IR B LR A
PEAG 3B L 51 AP BEDLYE , [R5 5 T H Y0
BORIPE 5 REALME , (PPAR 25 R B INFF & SE PR Ol

1 $HEERRENS S RIX ERIHHE

1.1 EDEXMEBENSHIFR
1.1.1 EDS b sbey i 559 A XIEF

PR S 5 AR (D) N LB A AU B A 2
P 4 A1 Jo i 1 T ) el Y, HE e R DL 1, HE
P R A A - 3o 2 TUAT AR L B, R 2 T LA H
BH., C A= TUTHLZS s 51— TR AL SO % 2
25 RC R S BE IR AL, R, C M A5 WAl S B O

A HL BH AR AL HEL 2

Qe e

c:lr _;I ql
T L L1
| B
IRQ C == | . |
| :| R R, R R :
| N |

———— —_—— — —_————— - — a1

1 T REFENER
Fig.1 Extended Debye equivalent circuit
FER AL R AL LT TE (PDC) Y, AL L I 14(2)
15 ED S5 250HL  1 RE Al b2 — 2% b V A Al S e
T i B A iR

0= Y=Y A" 0

SO A S § 2 3 B TR B, R
SCATTTRIEAE BD 4t e 1 3 it

U —Z/T
Ai=—°(1—e ‘ ) @)
R

QR U N s 7= R, Co A TR A
AR 2 (2) A KT8] o B i g SR Rl 4 2145
Al S I AR AR A FR BEL RIS A R A 5

Rp,' = Z(L)(l - e_tl/T') 5

JUMTHLE C s T A5 iy A JE i, 7521k
AR PR AN K, AT B T AR R A
P FERLI ] R 055 RN AR A L 3L £, AT AR

. . T UO = UO —l/T‘ _UO L UO
}Lfglp(t)-}%(g;;zeme j'Rf;Rm @

JI AU L BH R, 3138 5T 37
U
R,= 0

limi (0~ 3
I, A8 R ED 45330 H 1% 2 500 Y S it
AU A H 1) B8 T REZ Y AR T
SCISIA R S FF U i , 5 246 BOR B (0 R
R RR B, METR MR A T B AR RS S R
BLAE RS TSR W AR v U A5 A TR A E R
TE AT M S PRI S P R R RO R R
MY A AT, B0 T 0
112 4EM R Ee0yF %
1) F A A HL I ()R R B AN R L v R AR Ry
x(l) x(2) ---x(L+ 1)
X= x(Z) x(3) ---x(L+2)

(%)

. (©)
x(N_L) x(N_L+1) o x(N) (N-L)x(L+1)

K (6) 1 e N AR AFE G LN R S5,
HUN/4,

XPRE R X A 783 S0 o0 A

X,=Sv,D/' (7)

A7) S FD 53530 A (N-L)x(N—-L) Fl (L+1)%
(LA 1) IE TSR 3 V R (N=L)X(L+1) %] R R , ook
ALk LT Ko MR X AU i A2 S, I H R/
FE 1% P HES , F B 2 R A A ]
S, BRI A S B E n

2) PR EA VITHT n S )i, 88 Vi AR B DRI n
H )5 S 1 AT IS LAT 3828 Dy AR B DT n 51 1)
B 24T R L+ 147,38 M Ds.



178 202341 A y S §59% 1M
ZWR2(7), AT EHTS 2 AR X X - ®1 BSTESESHER
X = S Vl DlT (8) Table 1 Parameters of each transformer
X,=SV,D," 9) G b A LR K, K,
N N . N, R, 0.079 Yz 0.094 7 8.4227
3)iE AT X, F1 X e SRR R Xo-A X, i A5 S
. - o X R. 0.150  ZZRL4 00588 80853
B ORI SCRHIEE 12 A (=1, 2, -, m), FRA R 0.427 Y [T 0.0520 34742
TN /N IRIE RN 15 25 S IRAE R R, 0.549  #ZREAF 00513 3.0518
x(1) 1 1 -1 TR,
x(2) A A, A, R, Ros 0.835 % 0.040 7 1.927 1
S I : : : (10) R 1.259 A —f 0.031 1 1.384 2
AN LA AT A TR, Rs AW %M 00102 0.8007
AT LISk 15 4 4 i j@ Re 1722 #fZ%—fi 00101 08004
Y R A 26 2 T IRER ) A AT, Re 3771  E™F 00084 06537
A;=|R,] Re R BTE 00050 05826
__ I (11) Rs 19382  #fL™E 00007 00271
R(InA,) Rio APE B E 00003 00043

AR - T SR AR I [a] 18] B 5 A A7 AR (] 5 (3)
RIVR] 52 i ED 250 B S B
12 HERAGIFEENRH 51T

BB AR AR, A W 2 A T
UBIVR SRR b de o S AINTTE S5 CEN e 2 QIR 3
HEAEA, JULAT S AR 7 e i B A A 4 R s T
WAL S B AR R A8 LAY BT B A O™, 355 255 F
WNERS B S A AR S A — 2 B
FKeF o MRAEIC91T A, Bl 4 G ALY, 72 TR
v 4 R B R B LAY L BH R, 230N, LT LR €2
FER, # AL HL B Ry 280N, B AL LA 23 3
Ko P, SCHRE SCIAN BT B RRAE B —— LA (5 7
KARALIN T K,

K e
e,
@R, (12)
K=1Yy_"
’ ni:lcpi

i (12), B da A e, L (12) 4 i 4
TN, SRR AR, BRI B2 A 1) £ I
AIHTK N K R AR 2578 /N o

B A SRR X 30 £ 8 MR S 5 ol 46 2%
AR AR HEAT SEOER, IFRA K 12) #1758
FROESR T R 25 e S AR 1, th 3% 1 P s
AR BB B R R, RIVREE 2 AR R IR,
JUff R F K AR AR IR K, B S50 XA okt N )
e, 5 (12) B TSR A TS —3

1.3 HRBEIRERSHRX BEHFHE

SCH R A AR 51 6 48 FE 4 1Y SE 56
BARAE A E AT, A TE1 5 HL Ry (RVM) b
Ft AL L (PDC) A ED 25450 F 1% 3 4 J7 T R A7
A ARAE B

DRVM FHIE S GG WA R3S, L 8] EL Lo
FIEEAG ISF 6] ¢,, Y9 0] FH RVM 52560 508 B 424 B, i
W, Bl A 2 AL B IR , S 2578 K5 1M taeon A1 2,
/N, A 2 AL EE

2)PDC FHAIE AL 5t B R E A A1 L fb it &
Qo Hr AT Q) iHEAS 2], 5% Ll i iR
Ay BT A5 30 O, WFgE W, A A1 Q Y BE G 4 2 24k 1
TG R

3)ED SR AR U] R 1.2 715 L LA A
+ KANAL 7 K 2, HAR G R L AE 1.1~1.2775
A, EAH T KA K SR

22t FRRRIE B A PR, A5 3] S1xT 4R & LTS
FRAEFE , iz I FCM 330K 51 4180 R 28 3 4
WIFES , 2 IE H 5 78 TR RS 46 IR S 55 v B E T
P, A T ARIEAL 25 B SRS 8 3 A RIS E R
VU EELR ) 4y RAE bR , (8 ARG AR FE 2% 19 3 e 2tk
AE—2E M5 WA NG 46 2 KA (1 5% A 2 — %
(IT4%) R cEA (T 2 EAL ™ FE(LV Z%) , M T 7 7
YR AR RS AR L GRS R X ], L 2.

2 BRFIEENERBHHEE

X TRl 22 AR I AR 2 S0 TR SR R A
T, B — D RERNAEAL T A% E MRS A RAE B AR
HAH BRI REE 0B B, DAY A0 245 45 A
AR LR A B R AL, AL X 0 A5 4R



FARGHE

PRI FERE A B T3 mis sl R ey HEm b
R2 HMREZIRERTH D RXE
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Fig.3 Cloud drop distribution map of cloud model
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Table 3 Digital characteristics of cloud model of each
index standard grade
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Fig. 4 Flow chart of oil-paper insulation aging evaluation
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Table 5 Various characteristic indexes of 9 transformers to be diagnosed
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Table 6 Diagnosis results of the insulation status of each transformer
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