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Research on the Life Prediction of Power Transformer Based on DAHP Algorithm and
Non-equidistant GM(1,1) Model

GUO Shaowei', ZANG Chunyan®, MA Jixian', LONG Kaihua', LI Haoyang', ZHAO Yanwen?
(1. Research Institute of State Grid Jibei Electric Power Co.,Ltd., Beijing 100045, China; 2. Institute of Electric and Electronic
Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: To reduce the huge losses of power transformer retirement in advance or delay in power grid, this article
put forward a new method to predict technology life of power transformer based on DAHP algorithm and Non-
Equidistant GM (1,1)model. Firstly we build Health evaluation Index system of power transformer combining
DAHP (improved analytic hierarchy process)algorithm from the characteristics of power transformer. And then
calculate the health index value of power transformer. Secondly we set up technical life prediction model comb-
ining with the Non-Equidistant GM(1,1)model based on the past health index value of power transformer. Finally
we verifies the feasibility of this method by applying our model in power transformer of 110 kV,220 kVand 500 kV
which provides a reference for the retirement of power transformer.
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Fig. 1 Evaluation index system for health condition of power transformer
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Fig. 2 HI value calculation flow chart
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Table 1 Health index over the years of
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Fig. 4 Health index forecasting curve of No.1 transformer
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Table 2 Health index over the years of
No.2 transformer (220 kV)
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1 45 S T R 7 o T 3% i

5 HE AR B (A 3 L5
RIS TIT AT, 3% £ 75 T 2% P Jt BIE 16 B 25 ki

HHERS A B K, 3847 #120234E5 A I d 15 B0k

AT 25 F



- 150 - 20174F 11 1 Znéxz H53% 45110
3 (202345 H, 6.5924) 4 £iE
;\56
- SR HL 9 7 PR B AR O B ST L e
g; ST T IR G ARG RFRCM(1, 1) AL 1) 8 e 4%
1 Foe AR T A WU AL TR | SEEL T XA R e B R g R
0

2000 2005 2010 2015 2020 2025
I e /4

B 5 2SEETERIEHTN ML

Fig. 5 Health index forecasting curve of No.2 transformer
B 76592 4, it b REE, it bl 1525
TSR HAR TG ITHEFAH . WAz 1T
F20234E5 1 iz GRS ER FF ir © 445 ik
AP i) %o JHE A A Bl R

3)H A B 48 B SRR T AR B35 AR
UK R 2R3 SNV R

3 3BETA0KV)TEERIEH
Table 3 Health index over the years of
No.3 transformer (110 kV)
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A ST L g AR T A R F i W0 5 vk R AT
B, 35 AR BRI AL L6

(20184:9H, 6.363)

g FEFE R pr
O =N WA LN e

2000 2005 2010 2015 2020 2025
) /4
B 6 35T @B ML

Fig. 6 Health index forecasting curve of No.3 transformer

HIEORT I, 2 5 748 T i WY e FiE 18 B 22 ad 1 40
WM KE , N20124E 22 A7 T IR A T S5 R
MG, xR TR ARz 17 81 20184F9 H I i B 4
Bk F6.363, O 2 B IRBI(E, it A il 45335
EARM PR TR A o 164 F 34, BIE20184F9 A
I, 2005 R 1% 6 A8 TR A EAT RAB Bl S 44k P

S IR XT 29 & TR s HL ) AR R EAT T TR AL
g, Horb500 kVAE R #8415, 110 kVAEEAS 1365,
220 kVAE e gr 1265 . A3 EIAIHR SR 110 kV
A S R T i 29 M 204E 54 1,220 kV
AR R FF A 20 1T AR R A4 1,500 kV A
(R S H AR Fg i 29 R 244EF 61 )

— P B FL g A T AR BT A i 29 O 25~304F | 3T
TR TR A SR AR AL T I R R DY PRI R B S P B
T RAT—E G B,

ORI (VEIVEE e i PU N UNCR I A TR 7y Sitl bR Sl
PEAATATE

M SCHR IS A Al LUR Y, 5 A0 [ A
i R T3 i 5 MR [ 278 TR AR 404F S L B B AR
F i R LG i ARG PRI S B T B R A AR 2 R
P, ST, A B R ) 8 T A B R A7 i TN £
FEREAS 51 A HL I Al (% FE A, O T A Sl AT SIS
AWTTRA KR, i 28 By 3 v B W 0 ATl 1) R S

S E Bk :

[1] Wk B SR TR s i H 78 s e T B 2k
BT O Rg H A 8k ,2015,37(3):83-89.
YAO Qi,GUO Wensheng.Power transformer reliability and
failure analysis based on fault tree[J]. Power System &
Automation,2015,37(3):83-89.

[2] & KL EEXER,ER A, ST R L BOM ES AL

IR R R AL TR AR A WEAG )8 D R R S,
2014,42(15):39-44.
ZHAO Fei,SUI Huanran,DAI Yan,et al.Power transfor-
mers life assessment based on random fuzzy theory and
improved Markov method[J]. Power System Protection and
Control,2014,42(15):39-44.

[3] I, X O S R A IR B PR A S R A
A T[], H ) AR TR, 2010, 26(11):37-43.

LIANG Boyuan,LIU Wei,YANG Xintong.Transformer
condition assessment and residual life prediction[]J]. Power
System and Clean Energy,2010,26(11):37-43.

[4] WETZER J M,CLITEUR G J,RUTGERS W R, et al.Diag-
nostic and condition assessment techniques for condition
based maintenance[C]//2000 Annual Report Conference on
Electrical Insulation and Dielectric Pheno-mena. [S.1.]:
IEEE,2000:47-51.

[5] SFoRiE. 205 BRlA M I g A PG 7 i 5T (D).
PR A gl ) %, 2008.

QI Zhenzhong.Multiple information fusion of transformer
state evaluation method research|D]. Baoding: North China
Electric Power University,2008.

[6] A1 kT AR 455 1T ) 10 TC i A8 R R AT Al 1 BF

FE[D]. PR ARt J1 2% ,2013.
LIU Yang.Research on status assessment of distribution
transformer based on fuzzy comprehensive evalution|D].
Baoding : North China Electric Power University,2013.

[7] 55734 A8 He 4R AL ik M WF 5T D). e Aedb i



BT 5534 SR A, DUke, 45 LT DAHP S5k MARSERIE oM (1, DB B R SHORFar ity - 151
K,2005. High Voltage Engineering,2009,35(3):544-550.

WU Lizeng.Research of transformer state evaluation method
[D]. Baoding: North China Electric Power University ,2005.

8] 228 Mi.BHEARELES AT ko [D]. e  fedt i
J1K%%,2006.

JI Hang.Transformer state comprehensive evaluation met-
hod research [D]. Baoding: North China Electric Power
University , 2006.

[9] B& % IhAGET, K M9, AR VR E s AT R A 1K
JE UG ELRL). W) R & A Sk, 2007,31(7 ):55-60.
XIONG Hao,SUN Caixin,ZHANG Yun,et al.A hierar-
chical grey evaluation model for operation condition of
power transformers|J]. Automation of Electric Power Systems,
2007,31(7):55-60.

[10] K82 X ARED , 5 9238, 55 2 T ALK S8 B8 1 v ) 22

RS SOIRTS oy ATAG 5 i ()], W T AR 44,2008, 23
(8):60-66.
ZHENG Ruirui,ZHAO Jiyin, WU Baochun,et al.Method
for insulative condition classification evaluation of power
transformer based on weight coefficient grey target theory
[J].  Transactions of China Electrotechnical Society, 2008,
23(8):60-66.

[11] KA, e B, b A S5 S = B AE i ) A8 T &%

RS VEASG i [T). A b i F7 K225 4,2010,37(5):
17-23.
ZHU Yongli, GONG Zheng, WU Zhongli,et al.The applic-
ation of normal cloud model in condition assessment in
power transformers [J]. Journal of North China Electric
Power University,2010,37(5):17-23.

[12] B Ji 4, SR, B0 €k | 45 BE 310 4 23 A7 05 1 ) A2

FE i A R ot 5 R 25 AR D], B R 2012, 38(3)
521-526.
LIAO Ruijin,ZHANG Yiyi,HUANG Feilong,et al.Power
transformer condition assessment strategy using matter
element analysis[J]. High Voltage Engineering,2012,38
(3):521-526.

[13] SR, SRR 36 W, 45 AL 23 s 7 gl o 25 00 i 40 46
G2 w2 A AE A (]]. L EF AR 12009, 35(3):544-550.
WEI  Jianlin,ZHANG  Guanjun,DONG Ming,et al.
Application of kinetics of chemical reaction in aging

lifetime evaluation of oil-paper insulated transformers|J].

(E#E% 145 W)

e E(1977—), B, %é&lﬁiﬁ,iﬁ?f,i%ﬁz“r?ﬂ%ﬁiﬁﬂy
W, W By R B M) S

# % (1970—), % ﬁﬂmi FEHRMBAH G
JE 55 5% B R & G FGRERAEE),

i'JsET'iJ”\(1986—) 33 , TP A, £ B R AR A B W
B 5%, R B AE 25, N5 ) 5

3%9’%?(1986—),%,lﬁiﬂﬁ,iﬁf,i%fﬁﬁéﬁiﬁﬁ%ﬂ

[14] KANG P,BIRTWHISTLE D.Condition monitoring of power
transformer on-load tap-changers. 1. Automatic condition

diagnostics [J]. IEE Proceedings Generation, Transmission
and Distribution,2001, 148(4):301-306.

[15] MOKHNACKE L,BOUBAKEUR A,FELIACHI A. Prediction
of thermal ageing in transformer oil and high voltage PVC
cables using artificial neural networks[J]. IEEE Procee-
dings-Science Measurement and Technology,2003, 150(3):
107-112.

[16] F7EE4F 4% S R T RO 255 5 1 1 1 BE VAR 1B AT IR AT
(). WA HLEL AR ,2001,43(5):301-303.

LU Xuxiang, Ll Luping.Estimation for operating state of
conde nser based on fuzzy synthesis judgement|]]. Turbine
Technology,2001,43(5):301-303.

[17] SAATY T L.The analytic hierarchy process|M]. New York:
Reprinted by RWS Publication, 1996.

[18] AR X2 BRIEAE , B bR, 28 kT =45 B2 15 10 BEMI 1 o0

B AE WA K BT PE A g N I, 9 K HE I, 2007 (3) :
38-40.
QI Xinghui,CHEN Xiaonan,QIU Lin,et al.Application of
fuzzy matter-element model based on three-mark method in
the evaluation of water quality of lake[J]. Water Saving
Irrigation, 2007(3) : 38-40.

[19] *B 5 Jo K €, $5 0 15 pe SR [M. i . e b T2z B s A
1986.

DENG Julong.Grey forecasting and decision-making[M].
Wuhan : Huazhong institute of Technology Press, 1986.

[20] #SCH, 22 R0 ARSI BECM(1, DR S]] RS
TREBE 5 5, 2005(9):89-93.

DAI Wenzhan, Ll Junfeng.Modeling research on non equi-
dista nce GM(1,1) model[J]. Systems Engineering Theory
& Practice,2005(9):89-93.

SR AH(1985—), B A+, H TR, FERNFEHEE
KB H AR Ao KR L& e BT R T AR,

MAH(1978—), %, ), MF, TF L5, T 2HR

FEABRELBEER BINE A 8 TR
REHEEME,

RIEI(1991—), B, M EHARA, FENFHLEL 4
G ARG HR T,

7 92 0%, 92 B AE 2R M 5
BHXRE1961—), F 34 W+ T RBTXARARLGE
b KB ARBILG B RGBS el KRR
5GP EE ELENE
Y HEAK(1978—), F ,ﬁllzfié%;,ff}d:,i%ﬁﬁﬁéﬁ&%ﬁ%
R KB RA LG B RRINE G R Wl X%
AL EE ELENF,



