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Analysis and Prediction of Transformer Health Index

Based on SVM and Matter Element Information Entropy
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Abstract: In order to realize the quantitative analysis and prediction on the operation state of the transformer,
the interchange complex matter element was built between dissolved gases in transformer oil and typical faults.
Analytic Hierarchy Process (AHP) and maximum information entropy were used to determine the subjective and ob—
jective weights influencing the transformer health level, respectively. The quantitative analysis of the transformer
health level was proposed based on matter element maximum information entropy. The Support Vector Machines
(SVM) algorithm was adopted to predict the operation condition of transformers, the parameters (¢ and g) were opti—
mized by grid—search, Genetic Algorithm (GA) and Particle Swarm Optimization (PSO),and the optimal prediction
model was established. This method provides a good guiding value for the elimination of transformer faults, overhaul
decisions and online predictions.
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Tab.1 Gas test data for transformer oil from january to december
B c 1 H 2 H 3 H 4 H 5H 6 H 7H 8 H 9H 10H 1H 124
— R ETF 500 «C)/B, CHYC, 18.76 2292 2354 2475 2507 2520 4560 4240 2484 1950 17.04 16.08
PETE T 500 C)/B,  CH/C, 1938 2190 23.19 2378 2628 27.00 3580 3570 2136 22.02 19.56 17.22
fi
e JRIH T L/ By CHyC, 2.0 1.80 200 210 320 500 1250 1520 7.50 350 150 1.10
i KACHCHL/B, HyC, 1495 1586 2392 2795 2821 3510 41.60 4190 2938 21.58 18.04 17.75
H
H, 3k L/ B CHyCs 230 470 930 1040 1120 12.00 1530 17.50 1230 1050 500 2.80
o A HL IR/ B YCH/Cs, 6050 68.18 83.60 89.10 95.70 106.30 153.25 156.32 98.35 79.23 61.33 56.67
3.2 RIE 1.2 BIEK REIES T B ¢ G G G
LIS R plwea i) ¢ 1 2 3 3
K H AHP HEN7 AR i S B A 0 14 37 AR Bi=\C, 12 1 52 32
RXBEYICRER, bR 2 A8 Fas R, 1) G 13265 1 35
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Fig.1 Structure diagram of complex elements B, G G GG
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Bs 5 52 5122 5/3 514 1 3T 2 s, T CREmI/NT 0.1, & 54
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Tab.2 Consistency verification of parameter values

F) W R X ol RI CR
A 6.873 0.017 1.12 0.016
B, 4.033 0.011 1.12 0.009
B, 5.079 0.002 1.12 0.002
B, 3.004 0.002 1.12 0.002
B, 3.136 0.068 1.12 0.061
B; 4.046 0.015 1.12 0.014
Bs 4.027 0.009 1.12 0.008

18 3 X A R AT TR U ELHE R AR R R R I
B AT AR AT T 45 SRR R AHP AL
HHVFSAE o' 413R 3 PR,
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Tab.3 AHP weights of evaluation indexes

HEN B, B, B; B, Bs Bs
'

ook AEE 0.053 0153 0.153 016 0213 0.267
C 0.455 0.157 0309 0 0 0  0.096
C, 0.257 0314 0 0188 0 0  0.092

C; 0.118 0.057 0 0.263 0358 0.135 0.17

C, 0 0.157 0.582 0.547 0.23 0.288 0.327
Cs 0 0 0.109 0 0.11  0.107 0.069
Cs 0.171 0314 0 0 0302 047 0.247
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FIHZE 1 ek p 5 2 2 St
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Tab.4 Entropy weights of evaluation indexes

WG b ) . o
C, 0.636 0.364 0.168
C, 0.638 0.362 0.168
C; 0.638 0.362 0.163
C, 0.648 0.352 0.172
Cs 0.648 0.352 0.162
Cs 0.613 0.387 0.169

1 C10) AR AR o W13 S FoR.
®5 BATNIERONE

Tab.5 Complex weights of evaluation indexes

PR bR o' o w
C, 0.096 0.167 0.097
G, 0.092 0.166 0.091
C; 0.170 0.166 0.168
C, 0.327 0.162 0.316
Cs 0.069 0.162 0.067
Cs 0.247 0.178 0.262

AHP 7 6 AR S B bR A S P e AR
HiFE Ry i (15) PR -
TG GGG G G
~10.097 0.091 0.168 0.316 0.067 0.262
(15)
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N, SRR o EMRHE T B T A5 43008 Index_o”
1 Index_w, WIFE 7 s,
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Tab.6 The calculation results of different weight health degree

{RE S 1 H 2 H 3 A 4 A 5H 6 A 7H 8 H 9 A 10 H 11 H
H o' 1.704 1.706 1.706 1.7 1.704 1.69 1.747 1.77 1.702 1.7 1.705
H o 1.56 1.535 1.583 1.61 1.599 1.669 1.681 1.606 1.644 1.567 1.58
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Tab.7 Different weight health ranking list

e HE Y NO.1 NO.2 NO.3 NO.4 NO.5 NO.6 NO.7 NO.8 NO.9  NO.10 NO.I1  NO.12
Inder_o" 6 4 10 12 9 1 11 3 2 7 8
Index_w 2 1 10 11 3 12 5 8 4 9 6 7
Fi B R = LU BV AR e A il B 0 S e ), A8 1707 = — R
FEAAEAR IR L6 1 T R CR BT BEAE 1T R 165 [\ s
B TTE 5.6.7 =4 F A A0 TR i #olk I Q/ L
2. %6 M T BN A VAL B s g Vo
5 T B H oo BT Tndex_o S REMER L 135
1.50

078 A HEAR A L 52 6 A T QIR R AR 5
AR RSB H_o MHAT Index_o, 276
WA AE DRI TS, REAS VAR M PFA 7228 2%
BITIRA.
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Fig.2 The original data samples
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Fig.3 Training sets regression curves
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Fig.4 sets forecasting curves
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15 LS I053HT R FH AR 2Rk sR A R f
HEREIAE SVM g AR SR 3 AP Ak Iy ik 1
SVM #AE 7 : ( HEREFR bR, 7 DTS 0 BN i
HSH(c Tl g) DALE A9 T7 1% 22 (Train-MSE ) |l
RAE A S 2B (Train-R) . BIFERY iR
(Test-MSE) B iEEE (A C R EL(Test-R ) AR (1)
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Tab.8 Performances comparison of three methods

epsilon-SVR/ RBF

Grid-search GA PSO
- c=314553  ¢=44376 c=1832
2=19159 = 1294785  g=165.24
Train-MSE 0.025 6 0.063 7 0.063 7
Train-R 97.35% 98.48% 98.48%
Test-MSE 0.165 2 0.067 4 0.067 4
Test-R 93.86% 97.48% 97.58%
BT )/ 6.614 573 13.57 12.927
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