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Condition Assessment of Power Transformer Based on Health Index
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2. Shandong Electric Power Economic Research Institute, Jinan 250001, China)

Abstract: To improve the forecasting accuracy and ensure reliable and stable operation of transformer, based on
health index estimation model is proposed. The transformer data is divided into different levels and parts, so multi-
parameter statistical analysis is carried on. The indicator system is scored and weighted by computing history data (in-
spection and maintenance, family defects, basic information and loading history )and condition data(such as routine
test data). The condition parameters, which are classified on the component level, are scored and weighted, using
statistical tools calculation. By using the statistical tools SPSS (statistical product and service solutions ) , multivari-
ate statistical analysis is carried out. On the basis of studying the relationship between various parameters, a health
evaluation model, which is based on contribution analysis, is presented. A condition-based evaluation tool, that
quantifies power transformer degradation and clarifies the relationship between each health index, is put forward.
The results are presented to verify the validity and feasibility of evaluating model and assessment algorithm. This pa-
per provides a scientific method for the transmitting and transforming field.
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Fig. 2 The HI estimate model on contribution

degree analysis
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Table 3 Scaling and weighting of the transformer

health condition
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Fig.3 The health condition evaluation of transformer

5 H5iE

SCHN SRR ST AR R AR R bR AR BT i
T 38 3 5% GE 31 T 5 SPSS, % 87 4178 Js g AR i 16
BARIEAT T 08T WF 98 T 45 R Z I R DL R4S
S i b SVE RS B STk (A . RIS T T SPSS
AL 4 bR A ZR SN A, ST il B AR AR T R
R ALK A 5 A T 2 A A TR A DA R AT
MR o B, DAL AR H R S B s A7 AR R g R ] 38
AR AT IR WP A R R B A

Sk -

[1]  LIAO Ruijin, ZHENG Hanbo, GRZYBOWSKI S, et al. An
integrated decision-making model for condition assessment

of power transformers using fuzzy approach and evidential

reasoning|J|. IEEE Transactions on Power Delivery, 2011,

*4 TES[/EITRIREEIE

Table 4 Operation and measurement data of power transformer

HHR, Ziddizip BEN . A%
=) ML = ﬁﬁ /7 fitss =) =) gjﬁéﬂﬁ{}lb
¥ BT i BREAEE MEECR BHRISS, Wikt Bk o FLRH/
A% R60S/MO (/% R Mo
B EA S710- AR ToH i
- 1 . FEER /2 I 1.40 49.8/53.3 124 2575 10 000
{5 B A5 50000/110 T4 254k,
1T 5 SFPSZ9- AR T 2 1 500.0/ 53 0350 JoAH 2 10000
- N (K . . .
B 150000/220 T4 2500.0 ARk
o . 15
F5 H, CcO CO, CH, C.H, C.H, C.H, B
H i
TN 2015-
MiRERT e 1 3660.00  576.00 2 508.00 221.53 7.16 59.11  0.00 287.80 0527
I/ 2012
(LL-L7) 2 10.00 219.00 475.00 2.80 0.37 0.80 0.00 3.97 06.27
g s, R A/ TR Ko R (nge U
R LA/C L PHIE  fRBUEER | fme -
kV (mgKOH-g™) F#E/%  (mL-g) L™ H 1
_ 2012-
TRk 1 40.000  146.000 0.010 5.800 9.870x10"  0.085  12.600 0.209 0628
R
i . 2011-
B 2 60.300  152.000 0.006 5.200 1.250x10”  0.048  11.300 0.024

03-07




LIvE VT

o, RSO, 3, A5 SRR R R AR

253

[10]

[11]

26(2):1111-1118.

DOMINELLI N, RAO A, KUNDUR P. Life extension and
condition assessment: Techniques for an aging utility infra-
structure[J]. IEEE Transactions on Power and Energy Maga-
zine ,2006,4(3):24-35.

WANG M, VANDERMAAR A J, SRIVASTAVA K D. Re-
view of condition assessment of power transformers in ser-
vice[J]. IEEE Transactions on Electrical Insulation Maga-
zine 2002, 18(6): 12-25.

FeiGAe, B, RS HAR LA B 7 #r R 58100
JHII). B A, 2003, 27(7) : 16-18.

CHENG Zhihua, ZHANG Jianguang. Application of condi-
tion based maintenance technology and its computer aided
analysis system[]J]. Power System Technology, 2003, 27(7):
16-18.

FRRSE RARED, RFEF, 5. T IBORFE A AL )
AR RARAGOIRZS ST AL T AL, HL TR 2441, 2008,
23(8):60-66.

ZHENG Ruirui,ZHAO Jiyin, WU Baochun, et al. Method for
insulative condition classification evaluation of power trans-
former based on weight coefficient grey target theory[]].
Transactions of China Electrotechnical Society, 2008, 23
(8):60-66.

BEEAE. — T )8 TR #R B AR 255 PN AR AL 1 B
FE[D]. R : ELPRA, 2006.

LIAO Yuxiang. A study on the comprehensive evaluation
model of the running state of power transformer[D].
Chongqing: Chongqing University , 2006.

TrAEfE. B TR K SR TR A R 78 gl
B2 W), 5 R LAY, 2008, 44(3): 208-210.

QIAO Weide. Transformer fault diagnosis based on SAPSO-
BP hybrid algorithm[J]. High Voltage Apparatus, 2008, 44
(3):208-210.

SAHA T K.Review of modern diagnostic techniques for as-
sessing insulation condition in aged transformers[J]. [EEE
Transactions on Dielectrics and Electrical Insulation, 2003,
10(5):903-917.

2 R 2 ) e U8 s g (LA RS PN SR ].
b5 EZK AL R 22 ] L 2008.

State Grid. Guide for condition evaluation of oil -immersed
power transformers(reactors)|R|. Beijing: State Grid,2008.
EEEE R M B, L B TR RO 7 R A
AIFOTEAGT]. RS, 2012,48(12): 80-85.

LI Xigui, CHANG Yan, LUO Yunbai, et al. Remnant life
estimation of power transformer based on health index[J].
High Voltage Apparatus,2012,48(12):80-85.

FRIKHE. rh/ N HL AR A AR VA BT T k(). H
T 25 A1k ,2001,25(21):38-41.

GUO Yongji. New methodology for lifetime evaluation of

[13]

[14

[16] sk

—_—

{

—

medium and small sized power transformer{]J]. Automation
of Electric Power Systems,2001,25(21):38-41.

SWIFT G, MOLINSKI T S, LEHN W. A fundamental ap-
proach to transformer thermal modeling.l. theory and equiv-
alent circuit[J]. IEEE Transactions on Power Delivery,
2001,16(2):171-175.

WL R B S, S T S IR R ] 7S ]
A ) L ) AR AR B B A GORAS PRAN D). w0 R
2013,39(5):1101-1106.

ZHOU Quan, XU Zhi, LIAO Ruijin, et al. Insulation condi-
tion assessment of power transformer bushing based on
cloud model and kernel vector space model[J]. High Volt-
age Engineering,2013,39(5): 1101-1106.

AE WG LINART. IR 1L AR B R A TIRAS A K
(ZUPPAELAYT]. H ) R 58 A 371k, 2007, 31(7): 55-60.
XIONG Hao, SUN Caixin, ZHANG Yun, et al. A hierarchi-
cal grey evaluation model for operation condition of power
transformers|J].
2007,31(7):55-60.

B B i, RS L B IR, A BT AR AT A R L
AR A A GRS VA SRS (1. WL R S8 A 84k, 2010, 34
(21):55-60.

LIAO Ruijin, ZHENG Hanbo, YANG Lijun, et al. A power

transformer insulation condition assessment method based

Automation of Electric Power Systems,

on set pair analysis[J|. Automation of Electric Power Sys-
tems,2010,34(21):55-60.

M &L, E AL A R T 2 UME B R AR
DN EWs SR = R, 2016, 52(2): 19-27.
ZHANG Han, CHANG An, WANG Qi, et al. Research and
application of transformer condition evaluation model based
on multi - source information[J]. High Voltage Apparatus,
2016,52(2):19-27.

WO, B E L B, S SRR AT 7 T
ORI TS Ty B TSR AL (). R LR L2016, 52
(6):178-182.

FAN Hui, GAO Shuguo, WANG Xuelei, et al. Reliability
assessment of the DGA fault diagnosis methodologies for
transformers based on multi - indexes weighted analysis|J].

High Voltage Apparatus,2016,52(6):178-182.

(18] KEEIL, Bsi 4 , A, 5. BT 2 BR iy i ) 8 TR 4%

—

RIS T kI, B THOR 44,2012, 27(5) : 13-20.

ZHANG Yiyi, LIAO Ruijin, YANG Lijun, et al. An assess-

ment method for insulation condition of power transformer

based upon cloud model[]]. Transactions of China Electro-

technical Society,2012,27(5): 13-20.

TR oo, X B AR ST RO AESIe MR R 4y

Hrik By i ST T LE G P (). H D AR S8 A 314k, 2009, 33

(7):32-37.

WANG Qin, WEN Fushuan, LIU Min, et al. Combined use
(T 4% 258 )



- 258 20184E5 J

Eudz

544 S

lecular re-orientation dynamics of asurface stabilized ferro-
electric liquid crystal[C)//In Proceedings of the 5th Pacific
Rim Conference on Lasers and Electro-Optics. [S.1.]:[s.n.],
2003 :646.

[15] POZHIDAEV E, CHIGRINOV V,MURAUSKI A, et al. V-
shaped electro-optical mode based on deformed-helix ferro-
electric liquid crystal with subwavelength pitch[J]. The Jour-
nal of the Society for Information Display, 2012, 20(5):
273-278.

[16] GUO Q,BRODZELI Z, POZHIDAEV E P, et al. Fast elec-
tro-optical mode in photo-aligned reflective deformed helix
ferroelectric liquid crystal cells[J]. Optics Letters,2012,37
(12):2343-2345.

[17] BRODZELI Z, SILVESTRI L, MICHIE A, et al. Sensors at
your fibre tips: A novel liquid crystal-based photonic trans-
ducer for sensing systems[J]. Journal of Lightwave Technol-
ogy,2013,31(17):2940-2946.

(18] JrkE, 2= 6, £AES A5 TR/ RAY 10 kV LT
AL AR, T HAR 0, 2007, 22(5) :58-63.
FANG Chun’en, LI Wei, WANG Jiaying, et al. 10 kV elec-
tronic voltage transformer based on resistor divider(J]. Trans-

actions of China Electrotechnical Society,2007,22(5):58-63.

(E4% 253 W)
of fuzzy set theory and analytic hierarchy process for com-
prehensive assessment of electricity markets[J]. Automation
of Electric Power Systems,2009,33(7):32-37.

[20] TANG W H, SPURGEON K, WU Q H, et al. An eviden-
tial reasoning approach to transformer condition assess-
ments[J]. IEEE Transactions on Power Delivery, 2004, 19
(4):1696-1703.

[21] BHad, £, 9% 8, 45 SE T RO 2R G IR I )
AE PR E ARSI, H) R A 31k, 2008, 32
(3):70-75.

LIAO Ruijin, WANG Qian, LUO Sijia, et al. Condition as-
sessment model for power transformer in service based on

fuzzy synthetic evaluation[J]. Automation of Electric Power

Systems, 2008,32(3):70-75.

[19] ELLE SRR, S4E 55, B2 0 A U i ik
TS BT T A S kA, 2009,29(10): 83-87.
WANG Hongxing, ZHANG Guoqing, CAI Xingguo, et al.
Electronic capacitive voltage transformer{J]. Electric Power
Automation Equipment,2009,29(10):83-87.

[20] Beffgty, 24kt , 22200k, 45, B Al i 75U TR A

SRS R 22 70 At SO L BE T RS2 R ST R 5 A
25,2015,52(2):59-63.
DUAN Meimei, LI Zhenhua, LI Hongbin, et al. Error analy-
sis of resistance dividing type electronic voltage transformer
and its impact on electric power measurement|J]. Electrical
Measurement & Instrumentation,2015,52(2):59-63.

[21] M, PhFHE. BHZS 53 Fe A o e B 1Y 1 BE 3 BT (1.
AR 4%, 2007 ,44(1):9-14.

NIE Yixiong, SUN Danting. Characteristic anlaysis of resis-

tive-capacitive divider voltage transformer{]J]. Transformer,

2007,44(1):9-14.

R A2(1979—), B, &, BB IR, FFE 7 @ kA
AT B A IR

[22] JLE=5, FWIR  BLAR . — 191728 He 2 PR T A e Frg il €2 335
SIHTIZWI AL BT, = R HL 2%, 2008, 44(3):275-276.
GONG Xuebin, YAN Mingfa, WEI Jingxia. Oil chromato-
gram analysis of a fault inside transformer{J]. High Voltage
Apparatus ,2008,44(3):275-276.

[23] #&  BHLEP S, 2R A 750 kV AR R AR S
Mr5 LB ). B R LS, 2016, 52(2) : 200-204.

CHENG Jin, ZHONG Yi, LAN Xiaofu. Analysis and treat-
ment of the inner fault in a 750 kV transformer|J]. High
Voltage Apparatus,2016,52(2):200-204.

I #(1983—), &, Hid, TR, E BN EFE B AL LK
BIF o3 547



