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Application of unequal interval GM (1,1) power model in prediction
of dissolved gases for power transformer failure

LI Long', ZHANG Di', TANG Jun', LIU Ju', LI Canbing', WANG Zhangyao', HE Yugqing’
(1. College of Electrical and Information Engineering, Hunan University, Changsha 410082, China;
2. State Grid Hunan Electric Power Corporation Economical & Technical Research Institute, Changsha 410004, China)

Abstract: The safe and reliable operation of transformer plays a crucial role in power system. In case of the oil-immersed
transformer, considering the fault characteristics and data monitoring situation of transformer, the solubility of five main
fault characteristic gases, which are critical elements in IEC three ratio codes, is predicted to provide the basis for data
analysis for the subsequent fault diagnosis. For incomplete and small sample characteristics of gas concentration data
acquisition in gas chromatographic analysis of transformer faults, the unequal interval GM (1,1) power prediction models
of gas solubility of different gases are established respectively. The coordinated optimization for background value and
power exponent based on genetic algorithm is applied. According to the experiment, the proposed method can effectively
improve the fitting and prediction accuracy, and the model has no limit to the equidistant coherence of the basic data, with
better practicality and adaptability, when compared to some existing in the literature, such as the GM (1,1) model and
Verhulst model.
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Table 1 Correlation analysis results of dissolved gases for

power transformer failure
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Fig. 1 Flow chart of genetic algorithm to optimize the

parameters of the model
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Table 2 Optimized parameters of unequal interval GM (1,1)
power model

ARAEIFE GM(1, 1) SH AL 45 2R
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®) 2 @ b)
H, 0.4323 0.2766 0.045 509 28.992 43
CH.4 0.4231 0.1389 0.0256 228.888 3
CyHg 0.4708 0.0305 -0.007 82 181.369 5
CyHy 0.4503 0.0979 0.002 869 368.669 8
CoHy 0.4397 0.2883 0.028 37 0.643 685
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Table 3 Numerical simulation and errors analysis of

dissolved H, concentration

TR 5.6 58 512 514
JEZEMRS GM(1,1)  122.836 137.158 152.946 164.542 0.0128962
AELEAIRE Verhulst  126.064 128.284 133.138 135.797 0.0452869

25 ] GM(1, 1) TR 118.792 141.093 150.999 153.600 0.0039004
AR SCAE Y 120.001 142.999 150.901 151.263 0.0001107
(BB 125 143 151 148 -
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Table 4 Comparison of average errors of dissolved gas

concentration simulation

BB PR Z2(5.6. 5.8, 5.12, 5.14)
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A2 EBE GM(1,1)  0.012896  0.006867  0.0016  0.045509 0.018952

4R Verhulst  0.045286  0.016363 0.016896  0.0256  0.00145
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Table 5 Comparison of dissolved gas concentration prediction

FAARTIE(S.16)

Lt
H, CH,4 C,He CyHy C,H,

SEBR{E(5.16) 148 653 235 901 0.89
AELEE RS GM(1,1)  164.5421 642.9852 249.8834 891.6311 1.021856
AELEIA B Verhulst  135.7977 638.9716 244.4096 852.1766 0.818044
A HI S GM(1,1)

: 153.6003 630.1776 247.7225 859.0963 0.974429
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A 151.2629 638.6274 247.6957 865.6467 0.944958
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Table 6 Comparison of errors of dissolved gas

concentration prediction
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e
H, CH,4 C,He CyHy C,H,
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