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Table 1 Evaluation index system of lightning protection ability
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Table 2 Evaluation grade membership degree

\ W C %
A4 - — ,
oo B o B pe
G 1. 00 0.72 0. 44 0.16 0.00
B 0.72 1. 00 0.72 0. 44 0.16
M 0. 44 0.72 1. 00 0.72 0. 44
S 0.16 0. 44 0.72 1. 00 0.72
P 0. 00 0.16 0. 44 0.72 1. 00

XF# 2 P H A R R E AT I — fR AR L 1D

fHRIBAE R,
0.4310 0.3103 0.1897 0.0690 0.0000
0.2368 0.3289 0.2368 0.1447 0.0526
R = ]0.1325 0.2169 0.3012 0.2169 0.1325
0.0526 0.1447 0.2368 0.3289 0.2368
0.0000 0.0690 0.1897 0.3103 0.4310
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Table 3 Evaluation grade weight vector

PR PR 1 B2
G R, = (0.4310,0. 3103,0. 1897,0. 0690,0. 0000 )
B R, = (0.2368,0.3289,0. 2368,0. 1447,0. 0526 )
M R; = (0.1325,0.2169,0.3012,0. 2169,0.1325)
S R; = (0.0526,0.1447,0. 2368,0. 3289,0. 2368 )
p Rs = (0.0000,0.0690,0.1897,0.3103,0.4310)
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Fig. 1 Fuzzy comprehensive evaluation process of

lightning protection capability
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Table 4 Index evaluation grade
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Table 5 Comprehensive evaluation vector of items evaluated by experts

L KA VT T T S5 4 P 1) L LEA VAN )
G (0.2881,0.2870,0.2287,0.1385,0.0578) 0. 4000
Uiy B (0.2190,0.2577,0. 2384,0.1793.,0. 1057 ) 0. 3000 (0.2673,0.2782,0.2316,0.1507,0.0722)
G (0.2881,0.2870,0.2287,0.1385,0.0578) 0. 3000
G (0. 2881,0.2870,0.2287,0.1385,0. 0578 ) 0. 4000
Usy B (0. 2881,0.2870,0.2287,0.1385,0.0578) 0. 3000 (0.2673,0.2782,0.2316,0.1507,0.0722)
B (0.2190,0.2577,0. 2384,0.1793,0. 1057 ) 0. 3000
P (0.0578,0.1385,0. 2287,0. 2870,0. 2881) 0. 4000
Usi M (0.1598,0.2183,0.2437,0.2183,0. 1598 ) 0. 3000 (0.1190,0.1864,0.2377,0. 2458,0. 2111 )
M (0.1598,0.2183,0.2437,0. 2183,0. 1598 ) 0. 3000
M (0.1598,0.2183,0.2437,0. 2183,0. 1598) 0. 4000
Us» P (0.0578,0.1358,0.2287,0. 2870,0. 2881 ) 0. 3000 (0.1292,0.1944,0.2392,0. 2389,0. 1983)
M (0.1598,0.2183,0.2437,0.2183,0. 1598) 0. 3000
k6 EX_FEGHLEBEEEMNERS
Table 6 Comparison matrix and weight vector of the second-level index set
AR bR Ll 5 %6 1 L — B AL )
00 0 1.0000  0.4671 0.0976 0.2089
1 0 0 2.1407  1.0000 0.2089 0.4472
Ui Uiz Uiz Uiy (0.0550,0.1178,0. 5638,0. 2634 )
2 2 1 2 10. 2407 4.7867 1.0000 2.1407
2 2 0 1 4.7867 2.2361 0.4671 1.0000
1 0 0 0 1.0000 0.0976 0.2089 0.4671
21 2 2 10.4702  1.0000 2.1407 4, 7867
Uz Uz Uss Usgy (0.0550,0.5638,0.2634,0.1178)
2 0 1 2 4,7867 0.4671 1.0000 2.2361
2 0 0 1 2.1407 0.2089 0.4472 1.0000
1 0 1.0000 0.3333
Usi \Us < > ( > (0.2500,0.7500)
2 1 3.0000 1.0000
1 0 1.0000 0.3333
Uy Uy < > ( > (0. 2500,0. 7500 )
2 1 3.0000 1.0000
100 1.0000 0.1644 0.4055
Us1\Usz \Uss 2 1 2 6.0822 1.0000 2.4662 €0.1047,0.6370,0.2583)
2 0 1 2.4662 0.4055 1.0000
1 2 1.0000 3.0000
Us1 Us: < ) ( ) (0.7500,0.2500)
0 1 0.3333 1.0000
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Table 7 Comprehensive evaluation vector of the first-level index

— AR SRR T YRR & — ARG A ) A

Un (0.0578,0.1385,0.2287,0. 2870,0. 2881 ) 0. 0550
Uiz (0.2881,0.2870,0.2287,0.1385,0.0578) 0.1178

U, (0.2699,0.2765,0.2295,0.1499,0.0743 )
Uiz (0. 2881,0.2870,0.2287,0.1385,0.0578) 0.5638
Uu (0.2673,0.2782,0.2316,0.1507,0.0722) 0.2634
Uz (0.0578,0.1385,0.2287,0. 2870,0. 2881 ) 0. 0550
Uz (0.2881,0.2870,0.2287,0.1385,0.0578) 0.5638

U, (0.2729,0.2778,0.2291,0.1481,0.0722)
Us; (0. 2881,0.2870,0.2287,0.1385,0.0578) 0.2634
U (0.2673,0.2782,0.2316,0.1507,0.0722) 0.1178
Usi (0.2881,0.2870,0.2287,0.1385,0.0578) 0. 2500

U, (0.2881,0.2870,0.2287,0.1385,0.0578)
Us: (0. 2881,0.2870,0.2287,0.1385,0.0578) 0. 7500
Un (0.2190,0.2577,0.2384,0.1793,0. 1057 ) 0. 2500

U, (0.2190,0.2577,0.2384,0.1793,0. 1057 )
Uiz (0.2190,0.2577,0.2384,0.1793,0.1057) 0. 7500
Usi (0.2881,0.2870,0.2287,0.1385,0.0578) 0.1047

Us Us; (0.2881,0.2870,0.2287,0.1385,0.0578) 0. 6370 (0.2881,0.2870,0.2287,0.1385,0.0578)
Us; (0. 2881,0.2870,0.2287,0.1385,0.0578) 0.2583
Usi (0.1190,0.1864,0.2377,0. 2458,0. 2111 ) 0. 7500

Us (0.1216,0.1884,0.2381,0. 2441,02079 )
Us: (0.1292,0.1944,0.2392,0.2389,0.1983) 0. 2500
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Table 8 Comparison matrix and weight vector of the first-level index set
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(0.1406,0.0739,0.3621,0.3621,0.0393,0.0220)
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Table 9 Comprehensive evaluation vector of target layer

ER 737 — AR AR — A bR £ A T ) B E B A5 2 255 PE )
of (0. 2699.0. 2765,0. 2295.0. 1499.0. 0743 0.1406
U, (0.2729,0. 2778,0. 2291,0. 1481,0. 0722 0.0739
U, (0. 2881,0. 2870,0. 2287.0. 1385,0. 0578 0. 3621
U (0. 2557,0. 2720.,0. 2326.,0. 1579.0. 0818
of (0.2190,0. 2577.0. 2384.0. 1793.0. 1057 0. 3621
Us (0. 2881,0. 2870,0. 2287.0. 1385.0. 0578 0.0393
Us (0.1216.0. 1884,0. 2381.0. 2441,0, 2079 ) 0. 0220
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Fuzzy Comprehensive Evaluation of Lightning Protection Ability Based on
Improved Analytic Hierarchy Process

LIANG Jingfeng'? LIU Weina® ZHANG Jing"? FENG He'
(1 Hebei Sub-Center of China Meteorological Administration Training Centre, Baoding 071000; 2 Hebei Information
Engineering School, Baoding 071000; 3 Hebei Agricultural University, College of Mechanical & Electrical Engineering,
Baoding 071000; 4 Meteorological Administration Technology Service Center of Hebei Province, Shijiazhuang 050021)

Abstract: Lightning protection is a measure taken to prevent and reduce material losses and loss of life or
personal injury caused by lightning strikes. Lightning protection facilities are easily affected by the
external environment and their decreasing performance. Therefore, it is of great significance to evaluate
the protection ability of lightning protection measures scientifically to ensure and improve the protection
effect. The advantages and disadvantages of fault tree analysis, Bayesian network evaluation, neural
network, failure mode analysis, Kent score, and principal component analysis are discussed. Based on the
characteristics of coupling and fuzziness of lightning protection measures and the requirement of reasonably
determining evaluation index weight, the fuzzy comprehensive evaluation based on improved analytic
hierarchy process is proposed. According to the relevant technical standards and norms of lightning
protection, considering the impact of the lightning environment, carrier characteristics, and natural
factors, an evaluation index system of lightning protection capability with 6 primary indexes and 17
secondary indexes is established. The weights of each index are calculated by establishing a comparison
matrix, calculating importance ranking index, constructing a judgment matrix, calculating a transfer
matrix, constructing an optimal transfer matrix, calculating a quasi-optimal consistent matrix, solving the
feature vector, and so on. The evaluation set and membership matrix of fuzzy comprehensive evaluation
are established, and the single index fuzzy evaluation is carried out by using the weight vector and
membership matrix corresponding to the evaluation level. The multi-index fuzzy comprehensive evaluation
is carried out by using a new matrix composed of a single index evaluation vector and an index weight
vector. The evaluation grade of lightning protection capability is determined by the principle of maximum
membership degree. This method is used to evaluate the lightning protection ability of the oil and gas
gathering station library containing an inflammable and explosive production area, information control
function area, and power system function area. The evaluation level is consistent with the actual situation
and related literature cases, indicating the applicability and correctness of the method, and providing

guidance for the improvement of lightning protection measures and lightning protection ability.

Keywords: lightning protection capability; improved analytic hierarchy process; fuzzy comprehensive

evaluation method; membership matrix; ability evaluation
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