4T BT DGR BP L5 EH Vol.47 No.7
201944 H1H Power System Protection and Control Apr. 1,2019

DOI: 10.7667/PSPC180450

ETHMUNEMRX B SRELREE S IRSITE

R, TFA, ARG w8, f8R, £ #F
(1. b A%k, & 200090; 2. B Mg &aaanNa), 3 # 313000)

WE: AWEESRSHERZE LB E RN ES,  HIPFabs iR AT T 5, & SO T AL
B ZE o BT HEIUIR,  $8 H—Fh I T B A E AR (8] A BN AR I AL s SRS VAL 7 IEHUIRZSTEAS FR AR,
FEFRAR B 7 A s R R AT S, JEAT YA AR . SR E R W T Fa bR () WA s 5INT7 ZE R8s
ZERAr PR AR BB, T Fabr R, AR YA 5 i R ST A AT A B TR AR I R A R . R
R 2 W BORASE ARG e hr B ia %y, R I T XM KB EREVHG 77, DLSRA L0 R R 38
HPIRES . R RAR ik 2 6 A TR A5 2 B BUW 7 S0 B b AT S50 0T, S0 T RSPl 7 32 B A R e R A 1
KHEIR: IR REVHE: SO XKEG 2has i

A condition assessment method of transformers based on optimal weight and
dynamic grey target with interval grey number

YANG Huanhong', DING Yutao', ZHOU Jingsong?, YU Jingfeng®, ZHU Binquan®, WANG Jie'
(1. Shanghai University of Electric Power, Shanghai 200090, China;
2. State Grid Zhejiang Deqing Power Supply Company, Huzhou 313000, China)

Abstract: For the time being, the condition assessment of transformer doesn’t take the variation of multi-stage
information into consideration and the weight determination of assessment index is relatively simple, causing the overall
assessment bias. Against that, this paper proposes a transformer condition assessment model based on optimal weight and
dynamic grey target with interval grey number. First of all, it selects the status assessment indicator and classifies the
index data into efficiency index and cost index and then makes normalized treatment. Secondly, AHP is used to assign the
subjective weights of the indicators; the variance difference and the mean difference are introduced to measure the
volatility of the interval index data and the objective weight is given. The optimal weight of the index is determined by
establishing the optimal model based on relative entropy principle. Next, an assessment method based on dynamic grey
target evaluation model of interval grey number is proposed considering the accumulation of transformer phase
information and the dynamic change of index, which seeks approaching degree to evaluate the state of transformers.
Finally, the multi-stage historical data of multiple transformers in a substation is analyzed, and the objectivity and validity of the
method are verified.
This work is supported by National Natural Science Foundation of China (No. 51777119).
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Fig. 1 Flow chart of transformer state assessment
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Table 2 Classification of transformer status

1 [0.80,1.00) EHRE, 22fe, wiKeg
2 [0.60,0.80) REPIRAS, THRIHRE
3 [0.50,0.60) SR, RS AR s
4 [0.40,0.50] SEERAS, RPvidae
5 [0.33,0.40] FEEDIRAS, SERME R
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Table 3 Transformer operation data

t s, c/(mg/L) ¢, /% ¢, 'kV c, /% Cs cs /% ¢, /(uL/L) ¢, /(uL /L) ¢, /(L /L) ¢ %
s [12.02,13.57] [1.72,2.77] [48.52,55.03] [1.28,1.61] [1.72,1.96] [0.26,0.28] [158.98,200.64] [0.18,0.21] [105.42,113.90] [7.56,9.32]
X s, [10.79,17.50] [2.20,2.50] [50.11,50.17] [1.41,1.50] [2.32,2.47] [0.32,0.39] [178.30,181.30] [0.27,0.29] [120.68,123.34] [6.74,8.19]
sy [12.10,15.84] [2.41,2.72] [45.50,57.19] [1.68,1.75] [1.91,2.34] [0.21,0.34] [170.82,180.33] [0.18,0.23] [106.37,122.54] [8.23,10.22]
s, [11.34,16.70] [1.53,2.11] [52.04,53.53] [1.45,1.48] [1.78,1.91] [0.27,0.35] [168.88,172.60] [0.20,0.26] [105.80,113.90] [10.64,10.79]
s [16.03,21.95] [1.78,2.30] [48.78,51.77] [1.46,1.50] [1.88,1.97] [0.37,0.39] [172.10,197.56] [0.18,0.32] [110.63,114.58] [8.51,9.77]
5 s, [21.20,25.10] [1.67,1.76] [45.88,50.50] [1.20,1.40] [1.81,2.45] [0.18,0.25] [170.81,186.30] [0.24,0.26] [110.41,113.80] [7.56,7.74]
sy [17.02,21.27] [1.52,2.41] [50.22,55.28] [1.46,1.64] [1.72,2.01] [0.35,0.44] [168.78,180.33] [0.18,0.20] [108.91,110.42] [7.19,8.23]
s, [13.59,14.50] [1.57,2.45] [49.83,52.17] [1.44,1.49] [1.74,2.03] [0.24,0.28] [172.06,173.61] [0.21,0.28] [110.63,112.68] [9.32,10.61]
s [16.32,21.38] [2.17,2.55] [48.45,52.29] [1.51,1.55] [1.72,2.31] [0.29,0.43] [170.67,201.36] [0.23,0.27] [106.37,123.08] [6.94,7.56]
3 s, [16.79,17.54] [1.73,2.42] [48.22,48.30] [1.44,1.72] [2.30,2.44] [0.28,0.36] [169.69,182.33] [0.19,0.26] [112.25,114.58] [7.19,8.13]
sy [14.52,15.17] [1.75,1.87] [49.51,55.78] [1.28,1.61] [1.78,1.91] [0.26,0.29] [168.98,201.64] [0.18,0.21] [109.42,117.23] [7.26,9.21]
s, [16.42,17.20] [2.12,2.33] [50.64,51.23] [1.47,1.52] [2.34,2.42] [0.34,0.39] [175.31,178.39] [0.23,0.28] [123.62,129.31] [8.39,8.71]
s [15.27,18.35] [2.32,2.64] [47.37,51.69] [1.62,1.70] [1.98,2.21] [0.20,0.35] [172.84,181.23] [0.19,0.28] [116.37,129.24] [8.93,10.52]
. s, [16.65,16.98] [1.96,2.08] [51.72,52.29] [1.54,1.67] [1.70,1.81] [0.27,0.35] [171.87,179.69] [0.21,0.27] [115.21,119.91] [10.09,11.34]
sy [18.52,20.94] [1.78,2.19] [49.22,54.13] [1.49,1.62] [1.80,1.98] [0.37,0.39] [174.16,190.61] [0.19,0.22] [111.28,114.23] [8.71,9.11]
s, [20.19,24.41] [1.82,1.93] [49.11,53.63] [1.48,1.51] [1.71,2.11] [0.18,0.27] [177.82,187.38] [0.25,0.27] [120.51,123.83] [7.76,8.14]
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Table 4 Related data of weight calculation

VS Ei [ c, ¢ ¢, cs C ¢, cq c, Cio
d(b;(®),b;(®)) 0.0520 0.063 1 0.0059 0.054 6 0.034 6 0.056 7 0.028 6 0.047 3 0.0130 0.021 4
d(b,;(®),b,(®)) 0.0375 0.0950 0.020 0 0.029 1 0.056 5 0.062 9 0.0125 0.075 8 0.025 7 0.057 4
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d(by(®),b,(®)) 0.0180 0.148 3 0.014 1 0.024 8 0.0353 0.0102 0.016 5 0.0149 0.0125 0.070 4
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Table 5 Transformer relative approaching degree

in different stages

e RS
s s, S5 s,
1 0.5532 0.4650 0.443 2 0.498 3
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Table 6 Transformer difference relative approaching

degree under different indicators
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Fig. 2 Evaluation result of each transformer
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Table 7 Comparison of recognition rates of different

assessment methods

. (REES
RGPS
EWEIRRNE/% BRI/ %
HETEHBAE R 89.4 88.6
FETIRFR LGS 90.6 91.4
KRILT 95.3 943




MisRer, &

BT S PR AN X [0 A B8l 25 AHE I A R IR VP A

- 73 -

& 8 KATEMEMIRAET L

Table 8 Comparison of recognition rates using different weights
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