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Prediction of transformer oil-paper insulation aging based on BP neural networks with

the chicken swarm optimization algorithm
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Abstract: In order to study the relationship between the aging and the polarization/depolarization current (PDC) of
transformer oil-paper, a prediction method of transformer oil-paper aging is presented based on the BP neural network
with the chicken swarm optimization algorithm. Firstly, the relationship between extended Debye parameters and the
polymerization degree (DP) of oil-paper is examined. With the variation of atmosphere temperature, PDC changes
and it leads to a failure of extended Debye model to response the aging status of oil-paper. In order to eliminate the er-
ror caused by temperature, a BP neural network is trained through fitting PDC and DP of oil-paper. Then, in view of
the slow convergence and low efficiency of BP neural network, the chickens swarm algorithm is utilized to optimize
weights and threshold of the BP neural network. After the optimization. the network convergence is speeded up and

the possibility of trapping into local optimal is also reduced. Finally, the simulation results show that the environment
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influences to polarization/depolarization current are reduced and the oil-paper polymerization degree is predicted accu-

rately.

Key words: transformer; oil-paper insulation; polarization/depolarization current; BP neural network
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Figure 1 PDC measurement circuit
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Figure 2 Equivalent circuit of extended Debye model
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Table 1 Equivalent circuit parameters
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Figure 3 Relationship between DP and

polarization current
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and polarization current

107
- 0=0.80

=< 10° piat
g 107
X
_M 107]()

—11

10 10° 10 10? 10°

A I [B] /s

B6 wiisEIMmiaiixi
Figure 6 Relationship between electrical conductivity

and depolarization current

2 BP Hi& /4

BP #2546 455 700 2 5k R 1] 4% 4% 55 1% Cerror
back-propagation algorithm) 1) £ J2 Rif 5 A T # 4
W 2%, B MCEICHE 4 v St BN 25 4 A o IR0 4 B A i
HH - 2 B 2 T 4% D e 42 ) 45 s T R 1k R K T 4%
AL R 580 (L, /0 S 55 0 B A K 1) 5 ), S 28 AR A5 ]
DLTH0IN 38 45 1) BP i 25 ) 110207

HESA
W WAL B I 51 R BE 0 DRRIE SR A
HHEPAPNAINE Fe g LR (S SE TR SN %4 & B L R €
BE AL BT HE S IS L 2 B o B s AR I 2R HAR AR
iR A
2.2 WKHES

BP 2 W 4 (4R Fh S5 F Q& 7 s, 45
NN GSA =Rk A R ) L MR G
TR Z R

2.1

Bl 7 BPAZM%ILIEH

Figure 7 Topological structure of BP neural network

B BP 2% MAEA BHO PLRIAZ x
Wt/ WAL IR S &H 2 DPHEIT RBER
Hx'EAH a AMETTEINE y RO E. B

m AT, B

x € R", x:(IoaIH"'aInﬂ)T
x/ eR”',x/:(onl“]v"'al’,,l 1)T
y € R", y:(yoayla"'$ym l)T (8)

M A ZE BB 2 BAUE 0 Wy B )= 2
i 2 BOBUEA W5, 5 I AR B B &5 2 09 1A
0, BT Z BN I E BN 0, B RS
JZ H i A



AR A5 R TSR AL BP i 28 19 25 14 728 1 8% 1o 408 268 2 2 AL B0 O ik 37

n—1
[Jrj = f(EW,},-x,v —0;)5j = 0,1, ym; — 1

i=0
{ - (9
e = f(Eijxj —0) k= 0,1,ym—1

j=o0

MAZAMEBZE ML T s A% EMMNn
A5 R o gERGWRET, £ (o) BRI Sigmoid pREL, HlY
1

f(x) =1 e

(10

2.3 MZRIRERY
25 S () AL I S DA B A 1 i 22 0 295 48] B2
thod, FSEPRE v, BIBRZEFTJ5 A1 H AR ek &L

1 m—1
Ex=—>.(d, —y.)" (1)
2 k=0

i 45 1 R 245 24 2] H B il R B ALE W
FIEAE 0B R 22 E B/ AU 9 728 1 1% 22 R KX
F4 B A6 2 7 1)

IE
wij(noJrl):wij(no)—?yﬁ 12)

itqj o %Iliiﬁﬁﬁ,?] %%2%0
ol 2 5 9 R A R 1 o BT SRS 2
PO 265, FH LS00 il 4K B0 3R 5

3 MR RE

2 BP Bt 25 19 45 114 7 Aef 85 BV R A R 1
I, HW S5O B 00 B4 2 15 3 R il e A . PR
IZCHE R Y B A AL 557k (chicken swarm opti-
mization, CSO) i fk BP #fi £ 5 2% i) AL A8 F1 130
AT 35 381 B8 v i 28 I 8% 1) 2 2] 38038 AR B A Jm) 38
AR T REMER H Y,

XREPCAL TR S — Fh BB AR RE L AL 5k
T AR DL A T R I A R AT O R R
J5 2 RL KA R 3 137 BB 7 B A (8] H R ) 0 Sy 8 38
BEXG LA K /NG 3 AN, %07 R B R A AR
AR S UGl ) R it o o A A A XoF ] LB 5 Y 3
I BE 3R DAk In) 8 E bR R B . H T XS RO AE
B R I B 2 R0 5 R U0 AR A 4 5 DR L SR
FHIZ SR 8 (6] Ik XA A B bR ik A7 42 R Ak 5 Ja &
Al . PIATR 2R R B A AN [ iy 48 R O Ll 3 28
A A Y BB SR AL A5 AN AR ]

3.1 ABEHBUENEIHKE
A XS 38 N AE ) 5 R e B, Lk
Tl BE B 2E W RS AR 2, R e AT DLk AT A
JRAB R A A XG0 A7 B R R 23 A2 B HA A
XA PR AT B A5 Ak 1 55 i) SR T SR s
2 =l [14Randn (0,67  (13)

( 1, fi < f,
=1 ((f.—fD) . ‘ s

- 1, ’ i> \-" i

P T e )7

Krp oxy A HAXALE W 40 YT
B 3% ARIREL Randn Fos IRMARUE2E Ry & I E B %
B IEZS o A LA : /0 e ¢ HA RS By 3 N B8 ) R
AN f s RORBEPLIERE S s H0 X Y 35 N BE ) K
/N se RIETF INE HAE 2 B 1L BRECh %
3.2 BEBMNENEFRE

BERE 2% BRI H T AR T 00 0 X 3R £, A R
AALSZ B AERE NG (4 52 W) 10 HL 52 H A R b 2
X 14 5% ]

o

i =a!, +k e Rand « (2% ; — 2! ;) +
ky « Rand « (x'y; —x%;) (15
Si—Tn
k= (— ) (16)
l P ‘f,"‘&‘
by, =¢lr/i 17

A Rand R = 30050 A B BEALEL: /1 5
SUREXG B3 N RE T RN f 0 RS B AR HE ry
PRI I BE T3 R /IN s f o R A 20 X8 BCRE XS 1) 3 1 RE
TRk HAKFES G vy Y52 R 5 £, S HoAAS
NSRS A
3.3 INIBEBUBNENRME

ANXG TR BE ) i 25, HOBBER B B 2R X0 51T
ST DA A B T A2 B S X 0 5 M HL T SR e R

it =i, + P (xh,; —2xt) (18)

K X, R, MBS EEE; P 2H
Bl BIL R 80 A= 8 BB Y BT €0, 2) 5 TR R B 2%
X 3% /N R (8 5 1 PR
3.4 MRUEZRRE

AR R XGRS R 455 BP & N 2% 46 i
TR GRSl X B S 0 4 R i R R S
B W46 B AAE FN A, SR 5 G BP Bl 2R ) 2%



38 LA -

L:j

Eid PN 2 Eitd 2020 4£ 7 A

NGRIE A5 B e ol 22 R 28 24l . AL 5k vy 3
AW -

DXF BP #2845 1 45 S Kt T i . WGtk
BP #1285 W 285 B A AL | B3 {8 . 422 25 8 0 1 B A B i 22

PR B0 A DA X RO A B3 1 3 7 R PRI

DXL M SRR T IE . AR R
ARUR S Tl ST 2k A A B A B /N R 40 il 22 1)
2% 3 Z PSR BBLE ARG BEXG NG AR R A 3G
ARE FFBR E B DA % A A0 14 A7 4 4

IXFAGFESEAT I IR AL B E . e RS A &
I 8 7 R/NIEAT 732 o R A5 i RN A AR 3

i CN AR /NG F6 4 (1 A AR R Jg BEXG . SR
J5 s SR 5y 9 RN A /N CBEAS /N A — B
NG IERE A B BE X BE AL A3 TC B S AN N, A
A BEXS 5 AW B AR EOC R . I Jm , FEBEHLIE
HCMN HRERY 31 BT A /N3 B ML R Bt R 38 5 5 R 38
N TR R,

D FF AT R, W R W R BT R HE T
b B, AT R HE I W) R T R 2 ] Y
SO AN T B ERHE Y L U T 46 i BR A A AR
4 R 7 TR & B AL EAE S

5 B3NN ) 1B A IS A B O e 5
BERE I K/ME . I AE G T8 — o2 B IR A0 (L, 0 5
B AL A WU SR A

6) S BT 15 18 S A AT A R 2 R 2R A
RFTH SRR L LRI e 225 58 7, 45 0] &
] 2L B 2

7)?H_<?i1%ﬁ IR AR UAIGK B3 € 1Y Fe KA AT
157 1B AR Fi 1 0 B SR R 5 U5 T 2 R

8) i T BP #4525 0 9R 7 15 5] E’Jﬂfﬁﬂl
Vo (L DA T AT TR
4 i E

7 HH B AN 1 R, Debye {5 BB AR
MER1HSELERT R .Co S EHRA ) (DI
BAFE], SRR IR R BUE R G B DP Y fE
K514 N 520 BN E] 2 500, I BCAE XF RS R, Cs
280, 3k A5 100 40 AS [a] A 3018 3R A B R HAH B 1

7[‘]-‘El

PDC i 2k . SR )5 i A FR 5 s BEHLA: 5L 100
AR H R R, BEAL AR BRI 1.9, 0.
1, JF ARl AR L 5 S B AR A1 Y PDC il 2% L 3K 75
100 HAFFEIREE TP 09 Ak fL i . #$3X 100 21 %%
P B AL 90 A IR Ay 10 41 D4k .
Ry IR 23 28R K 2 R R 3K 4R 1 e A R A
B AT 5 — b 2,

MM AN ZA 100 Mg Ie. Ml EA 1
AMZIC, B EZEE T 10 Mo, H Ik, AUE
BE SO 1021 A~ i T HRAE R 2 W 4%, 1
EXGEE B A H SN 200, B A XY 5T 4R 2R
I LA B AF R 7 MR B AL 388 35 W BE AR B 97K
S /NG R T BB R R  AE R XS R L B
P BERG 5 H Do T3S B RIS T
PR BRI TR A B AR B, b AT B
JERQUP LY IV 8§ a - /A C IS Y CI N RO E
H 43k 40,120,40, W& REARRECH 150, %
T HUXG 1Y B A B0 B 28 AU R BRI 10 A
—10,
4.1 GEEMRAL W LI 2R

A 3 R A AL A VR X BP i 22 I 4% 1 A (R A R
EHEATUAL oA a 72 1 0 2% Gi 22 i 2k an &1 8 fr

N AR L A AR 150 YmE, P48 SR 22 w =
0.250 6,
X RE AL B Y B 28 o3 A W& 9 B s A SR Y

BLEHRAT 1 010 i) ik, ke, 7T L 4> A> 1A f) 3
IO BE 7 /I bR BB AE B 1 2% 1A B G e AR 07 " 1Y)
iR

0.34
0.33
0.32
0.31
0.30
0.29
0.28
0.27
0.26
0.25
0

o £4% 1% 2

50 100
ES ARV ¢

150

B 8 MBFMLALIE Z T AL
Figure 8 Error variety of CSO



5535 & 4 W

AR A5 R TSR AL BP i 28 19 25 14 728 1 8% 1o 408 268 2 2 AL B0 O ik 39

1.6

1.4 . L
= 1.0:°c"m AR
Y P
0_450: Coee e e .

oo o o o
& 0090 ¢B® oo o o o o&S °©%% @wo @° o

%20 20 40 60 80 100 120 140 160 180 200
X AR A
B9 xMFENKIEE
Figure 9 Individual error of chickens
1.2 RBERHW
D IR NAS BE L BP AT 22 19 2% %4 1 2
G 47 1 26, U2 ST BN 150 WKL 22 T R N
0. 1,23 HARH 0. 000 4, FKA53H 25 ¥ 24 ;
2) R PN A HE A 08, TR 45 S N 10 FF % +
3) FHRS BEAR AL (19 BP #h 2 16 2% 3 47 1| 45 , 7] 8%
BB 2L OB 150, % 3 R K 0. 1,2 3 H bR K
0. 000 4, VI 2575 3o 22 [ 2%
) 3R FET I 2 000 8, ol 22 0 % £ 9000041 5 900 8
AR S0 SR e R AT EE L R 11 s
2600 o TR A

2 400 —WIREBRAE
2200

2 000
i 1 800
41600
B 1400
1 200
1 000
800
600

1 2 3 45 6 7 8 910
FEAR
10 DBP AP 2 W % fm 4 F

Figure 10 Prediction results of BP neutral network

2 600 o IR A 1
2 400 —HIHEREE
2200 o
2 000

sy 1800

4o 1 600

B 1400
1200
1 000

800
600

1 2 3 4 5 6 7 8 910
A
11 A FTBEM AR BP AF 2 W & Fn 4 R
Figure 11 Prediction results of BP neutral network
trained by CSO

1P 10 11 A2, e gk A ) ) 2 i L 285008
TE DI AR P N T 22 [0 Jeis 000 ) 235 2R T 42 3w M 0
B L B g . DRy 0 AT A B8 DX R A Y T
DU AT H AL N3k 2 Fiv s, il LAAE Y, 76 A1 (6] 1Y
5] BN 8 B SO0 SRIE e R R L 10 41N Tp 22
0 2% 1) T ~F- X7 K X 1R 22 O 8. 69 V0 o XS REAR Ak ek
J5 .10 ZHON T f 28 I 4 1 T P 2 RE R AR 25 Ol
3.37 %0, U WA 22 i RS S UL AL I o T 2% i o o 32
CEINE SN TN & S U R R G i1V e 3
TLICTT 2] LAy 3 T 2 4 A o 3 i o 7 ) 3R
FERME 32 T /N e .
R2 LR

Table 2 Comparison of predicted results

L Wt i
s meEE O e O e
B Bt

%/% %/%

1 2 100 2 060.9 1. 86 2 095.8 0. 20

2 740 629.1 14.99 728. 4 1.57

3 1 980 1 872.6 5.42 1982.7 0.14

4 2 400 1982.2 17. 40 2169.9 9.59

5 1 860 1453.2 21.87 1760.7 5.34

6 780 741.1 4.99 800. 3 2. 60

7 1 780 1871.4 5.11 1 836.9 3.20

8 1 700 1631.9 4.00 1749.5 2.91

9 1520 1614.4 6.21 1639.9 7.89

10 2 000 1899.7 5.01 2 005.9 0. 30

S A {E 8.69 3.37

5 4hiE

OCHE I T T XS RELfL BP M2 R 2% 79 A8 T
o T AR S WU 7 3 il A O HR IR T % OT A A
ROPE A BN E5e T

1R JH BP 28 00 46 4815 25 0 A v 3 1 il 462K
A B A 5C 2R B T 9K P 058 Uk J3E 3 i F) 522 W) o Tf
T30k AR A 2R B RO AR ) B AR 5

2 2R FH R TR B30 3 410 Ao o 222 0 285 1 ASUAEL R 5 (B
A LA i BP M2 0 2% 10 TR R bR 1 4% 4 i
S BE 98/ B A TR A (LS T REE



40

Bl

B

PN 2% i 2020 4£ 7 A

S & k-

[1]

(2]

(3]

[4]

(5]

[6]

7]

RN SR A dE MRER. AR R I AR A 2R IS PP AN O ik .
AR 5 EARER,2017,32(1) : 123-129.

XIE Song, CAI Jinding, LIN Han. Assessment method
for transformer oil-paper insulation condition[ J]. Jour-

nal of Electric Power Science and Technology.2017,32

(1): 123-129.
PRIGET 88 G . B T HUAE B2 98 19 22 s 40 I 46 448 iR

BIEAGLT]. B RGP 5451 ,2019.47(7) : 22-29.
LIN Xiaoning. CAI Jinding. Evaluation of transformer
oil-paper insulation based on rough set theory[J]. Power
System Protection and Control,2019,47(7) :22-29.

Xu J,Yang L,Li B,et al. Study on assessing the ageing
condition of oil-paper insulation by Polarization/Depo-
larization current [ CJ]//IEEE Conference on Electrical
Insulation and Dielectric Phenomena (CEIDP), Shenz-
hen, China,2013.

B B AR AR A, S T T IR AR I AR 4 2% B bk
S AL/ B AL IR E S & [T ] R AR 2013,
39(2):336-341.

YANG Yan, YANG Lijun, XU Jiquan,et al. Characteris-
tic parameters for assessing aging condition of oil-paper
insulation by polarization/depolarization current[]].
High Voltage Engineering,2013,39(2) :336-341.

Zhou Y,Zhang T,Zhang D,et al. Using polarization/de-
polarization current characteristics to estimate oil paper
insulation aging condition of the transformer[ C]//IEEE
International Conference on High Voltage Engineering
and Application (ICHVE) ,Chengdu,China,2016.
BRABE VIR B 2 WAk B I ARG U A SR A AR R A A
55 R B S o By LT ). AR $OR, 2016, 42
(10):3172-3177.

CAI Jinding, YAN Xin,CAI Jia. Application of differen-
tial depolarization current method for solving equivalent
polarization circuit parameters of transformer[]]. High
Voltage Engineering,2016,42(10):3172-3177.

JRVRIZE bR, 25000 L A T A / AR H R 1 4
AR L% N S AR L)), L IR R L 2014, 40(5)
1433-1438.

ZHOU Lijun, WANG Lin, LI Xianlang, et al. Time do-

main conductivity model of oil-paper insulation using

[8]

[9]

[10]

[11]

[12]

[13]

polarization and depolarization current method[ J]. High
Voltage Engineering,2014,40(5) :1433-1438.
RITTVREN RS S BT A i R R R A
FL A 0 S AR I A4 ko AL R A A BE ST L) ). v L
A ,2017,43(1):195-202.
WU Guangning, SONG Zhenjie, YANG Feibao, et al.
Study on aging characteristics of transformer oil-paper
insulation based on the time domain dielectric spectros-
copy and depolarization charge quantity[J]. High Volt-
age Engineering,2017,43(1):195-202.
AU SR A . AR 5 S5O B S BOBHR S A TT
LT, i Rb 2 G HOR 2440, 2014, 29(1) ¢ 48-55.
LI Anna. CAI Jinding. Equivatlent circuit parameter i-
dentification and aging assessment for oil-paper insula-
tion[ J |. Journal of Electric Power Science and Technolo-
gy»2014,29(1): 48-55.
HER EE G5, kLA BT I i M 4R 4 2 R 40
SEEBSEIRR)] B R 5SHARER,
2013,28(3): 71-76.
GAN Lu,CAI Jinding, ZHANG Konglin. Study on pa-
rameters identification for equivalent circuit of oil-pa-
per insulation system based on RVM[]]. Journal of E-
lectric Power Science and Technology, 2013, 28 (3):
71-76.
AR B 4, RR A L A TR X il AR A 2k Ak R AR AL
HLUR I S [T i TROR 2240, 2014, 29.(4) 1 90-297.
MA Zhiqin, LIAO Ruijin, HAO Jian,et al. Influence of
temperature on polarization and depolarization current
of oil-paper insulation[ J]. Transactions of China Elec-
trotechnical Society,2014,29(4):90-297.
Sulaiman S, Ariffin A M, Kien D T, et al. Comparing
simulation modelling and measurement results of po-
larization/depolarization current analysis on various
underground cable insulation systems[ C]//IEEE In-
ternational Conference on Solid Dielectrics (ICSD) , Bo-
logna, Italy,2013.
Dutta S, Mukherjee M, Pradhan A K, et al. Effect of
temperature on condition assessment of oil-paper insu-
lation using polarization-depolarization current [ C]//

IEEE National Power Systems Conference (NPSC),



5535 & 4 W

AR A5 R TSR AL BP i 28 19 25 14 728 1 8% 1o 408 268 2 2 AL B0 O ik 41

[14]

[15]

[16]

[17]

Bhubaneswar, India,2016.

Xia G, Wu G. Study on the impact of initial moisture
contents on ageing characteristics of transformer oil-
paper insulation [ C]//IEEE International Conference
on High Voltage Engineering and Application (ICH-
VE) ,Chengdu,China,2016.

Saha T K, Purkait P, Muller F. Deriving an equivalent
circuit of transformers insulation for understanding the
dielectric response measurements[ J|. IEEE Transac-
tions on Power Delivery,2005,20(1): 149-157.

XUBEE B4 . B A SF. B8 R AR I 40 48 2% 5 7K
E PTG I A R AR R (T ] TR R 2R
2015,30(2) :196-203.

LIU Jiefeng, LIAO Ruijin, LV Yandong. et al. Time
domain dielectric characteristics for quantitative as-
sessment of moisture content in transformer oil-paper
insulation[ ] J. Transactions of China Electrotechnical
Society,2015,30(2) :196-203.

XUBEE  SRECUL AR A A, 55, 78 Debye #5851 KB ]
B ES AR G B E B ORI ELT ] BT A
i £5,2017,37(3) :203-208.

LIU Jiefeng, ZHANG Yiyi, XU Jianjian. Quantitative
relationship between aging condition of transformer oil-

paper insulation and large constant of extend Debye

[18]

[19]

[20]

model [ J ]. Electric Power Automation Equipment,
2017,37(3) :203-208.

R B S 4, BT, %L ST YR Debye A5 AL A5 R
ar il AR G B AR R DT[] ). i TR 2 4. 2016,
31(4): 211-217.

GAO Jun,LIAO Ruijing, WANG Youyuan,et al. Age-
ing characteristic quantities of oil-paper insulation for
transformers based on extended Debye model[]].
Transactions of China Electrotechnical Society, 2016,
31(4): 211-217.

DL 3 5 5 o R AT, A NI 28 T 2% LA JEL il 4
ARIEA A RSITAG P B H T, & R AR, 2014,
40(3) :822-828.

RUAN Ling.XIE Qijia, GAO Shengyou,et al. Applica-
tion of artificial network and information fusion tech-
nology in power transformer condition assessment[]].
High Voltage Engineering,2014,40(3) :822-828.
[, 2, AR AL BT K BB AR 2R 40 Bk AR
WA 5 BP 2 W45 19 XUy & A B0 A 5 (). 4 2
L J1,2019,47(5) :38-42+83.

FAN Guogi, LIN Hong,CHENG Lin,et al. Wind pow-
er prediction based on K-means pattern classification
improved fuzzy clustering and BP neural network[ ]].

Smart Power,2019,47(5) :38-42+83.



