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Insulation Condition Assessment for Power Transformer Bushing Based on Set Pair
Analysis and Comprehensive Weights
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Abstract: For the complexity and uncertainty of the assessment indicators in insulation condition assessment of power
transformer bushing, the set pair analysis is employed. First, indexes for bushing condition assessment are selected,
assessment result is graded, and response strategies are worked out. Then, the weights of the assessment indexes are
determined by using the comprehensive weighting method with combination of AHP and entropy method , mathematical
expressions are established to describe the degree of association between evaluation criteria and state level, and a
condition assessment model is built using set pair analysis. Example shows that the assessment model based on the set
pair analysis and comprehensive weight can effectively reflect the insulation condition of transformer bushing, and the
assessment results can be taken as a reference for transformer state-based maintenance.
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Table 1 Transformer bushing insulation assessment

grade boundaries

LD 1% 29 3% 4%
5L B K /MO 1000 800 600 400
N BFE R K/ % 030 049 058 0.70
LA R 22 Ko/ % 32 50 7.0 90
RIETE R K% 65 100 135 240
CHARBI K< 107 2 4 6 8
CO*HEKd% 40 60 135 240
HARBUMKx107 400 500 700 800
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Table 2 State level and the response policy
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Table 4 Index of mean random consistency
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Table 5 3 set of measured data

£ 1 2 F3W
Ki/MQ 46 000 50 000 45 000
Ki/% 0.363 0.601 0.534
Ki/% 52 6.3 8.0
K% 12.65 14.20 28.04
Ksx10°° 0 65 460
K% 5.80 8.69 9.60
Kx107° 33.7 208.8 327.0
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Table 6 Judgment matrix of evaluation index for
transformer bushing

A K 1 Kz K3 K4 KS KG K7

K, 1 172 1/3 1/6 1/9 1 3
K, 2 1 1 173 1/6 2 7
K; 3 1 1 172 1/5 2 8
K, 6 2 1 172 6 9
Ks 9 6 5 2 1 9 9
K 1 172 172 1/6 1/9 1 3
K, 1/3 177 1/8 1/9 1/9 1/3 1
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Table 7 The calculated value 1 of the degree of contrary

BRREE alz) bi(z2) ba(z3) e(zs)

M 1.000 0.000 0.000 0.000
Mo 0.668 0.332 0.000 0.000
s 0.000 0.900 0.100 0.000
M 0.000 0.243 0.757 0.000
s 1.000 0.000 0.000 0.000
Mo 0.100 0.900 0.000 0.000
M 1.000 0.000 0.000 0.000
) 0.500 0.332 0.168 0.000
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Table 8 The calculated value 2 of the degree of contrary

ﬁ%g a(ZI) bl(ZZ) bz(Z3) C(Z4)

M 1.000 0.000 0.000 0.000
Mo 0.000 0.000 0.825 0.175
M3 0.000 0.350 0.650 0.000
M 0.000 0.000 0.933 0.067
Ms 0.000 0.000 0.000 1.000
M 0.000 0.641 0.359 0.000
M 1.000 0.000 0.000 0.000
o 0.155 0.117 0.455 0.273

x99 BRENITHES
Table 9 The calculated value 3 of the degree of contrary

E%%\E (l(Zl) bl(zz) bz(Zz) 0(24)

M 1.000 0.000 0.000 0.000
M2 0.000 0.511 0.489 0.000
M3 0.000 0.000 0.500 0.500
M 0.000 0.000 0.000 1.000
Ms 0.000 0.000 0.000 1.000
M 0.000 0.520 0.480 0.000
M 1.000 0.000 0.000 0.000
n 0.155 0.128 0.203 0.514
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Table 10 Comparison of different assessment methods
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