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Abstract. Condition Based Maintenance (CBM) technology iswidely used in high-voltage electrical
equipment. However, there are complex links between them, what makes the single decision can not
meet the requirements of the actual production. This paper presents an improved method - Fuzzy
Analytical Hierarchy Process (FAHP), which can deal with the uncertain decision-making factors
and vague expertise, based on depth study of AHP. This paper Conducts a comparative analysis of
examples and determines the optimal sequencing of the maintenance decision of four transformers
with the actual work of a high pressure company. Examples show that the method is suitable for the
maintenance of electrical equipment ordering which is affected by avariety of multiple factors.

I ntroduction

Ower system isdevel oping toward large-capacity, inter-region and automation in order to meet the
social progress, economic development and human constant demand. To ensure stable operation of
power systems and automation development, the research of condition monitoring and maintenance
decision of electrical equipment isimminent.

A single device is established a bese model of maintenance decision before, but now it can not
solve the problem in the actua work, so we need to multiple equipment maintenance
decision-making models. Multiple equipment maintenance means we need to cosider the links
between various devices in maintenance decision to make the best method in the entire system.

However, most of the maintenance optimization model of multiple devices is complex, so it can
not meet the needs by modeling a single target. Hence, the fahp based on triangular fuzzy numbersis
used in power transformer maintenance decisions with consideration of the impact of more than one
power transformer maintenance decisions on the various factors and scientifically deriving optimal
multiple decision-making power transformer order.

Triangular Fuzzy Number

Suppose A is a fuzzy set in the domain of real numbers R. If VA€ [0,1], A, is a finite closed
interval inR, A called afuzzy number inR, Suppose Ae F(R), F(R) isall fuzzy setinR. Then A

isthe fuzzy number only if thereis afinite closed interval [a,b] inR_ which must meet the following

conditions:
1) 1,(X) =1in [ab]

2) “a(¥) IS right continuous increasing function . 0< (¥ <1

in [—oo,a]

3) Ha(X) is left continuous decreasing function . 0= a0 <1 in [b,+oo]

If the membership function u,(x) : R—[0,1] of A can be expressed as
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Where, |<M<U gng 'MUE R Then Ajs a TEN, which can be written as ("MU) 1 gng u
are lower and upper limitsof A. M jsthe median of A, which isthe most likely value.

Thefuzzy numbersinsteading of the result between any two factorsisfuzzy comparison matrix.
If the plot of the symmetry diagonal matrix elementsis 1, it is called fuzzy reciprocal comparison

matrix. Suppose A=) is a fuzzy reciprocal comparison matrix and % is a triangular Fuzzy
Number, A iscalled Triangular fuzzy reciprocal comparison matrix.

If A= (@) IS a positive triangular fuzzy reciprocal comparison  matrix,
aij:(lijymj,uij) I,j=12,..,n A:(m])
A= @)nnis also aconsistency comparison matrix.

Suppose o, is aWei ght coefficient, the solving formula of the weight vector for Triangular fuzzy
comparison matrix is

a=Ya- (> a)" @

, and N js a consistency comparison matrix, then

i=1 j=L

Or
n |i_ n . n "

o BN Y ©
Su, 33m 33,

Sorting method of TFN based on Improved Possibility

There are many triangular fuzzy number sort methods, which are mainly based on the possibility
theory, the o cutset theory ,the thought of membership function of triangular fuzzy, the distance
formula, and so on. This article employs the sort method which is based on be compared possibility.

Suppose Mland M, istriangular fuzzy numbers of R, and

V(M, 2M,) =sup(min(,, (X), 4y, (¥))) (4)
x2y

V(M, > M,) iscalled the possibility of M, =M, .

Suppose M1 = (Il’ muu1) ) Mz = (|2’ rnz’uz) then

1 m==m,
u -, ®)
V(M,2M,)= u >
(M=M= G mmy ety ™™
0 u <lI,

Supppose 5=[%:8: %] is a comprehensive weight vector, we calculate the possibility

4 , d(Q =miniV(s >s); . . .

V(S29) ot 28 a0 the possibility V(s 23, }("l’quﬂJ #1) which may be
superior to all other programs. Then we can get ranking vectors of each program after making a
unitary processing for d(A) This method is simplein theory, but there are shortcomings, containing

contradictions compared with the triangular fuzzy number of people's conventional thinking. For
example, a, =[3,3,6],a, =[1,4,4] ,according to the described above method,V (a, = a,) =1.
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This paper proposes a method of compared-possibility and averages dominance. Suppose N, and
N, isany triangular fuzzy numbers, the averages dominance of N, > N, is

P(N, > N,) _V(N, > N2)+;—V(N2 > N,) (6)

The above definition is the same as the fuzzy reciproca matrix.
If

r,=P(N.2N,)i,j=12..,n (7)

R=(I;) e 1S@fuzzy reciproca matrix.

By the defined average dominance of two triangular fuzzy numbers above, we successfully
transform the question of triangular fuzzy number reciprocal Judgement Matrix is into fuzzy
complementary matrix. Then we can calculate fuzzy comprehensive weight by related methods of
fuzzy related matrix.

Steps of FAHP based on TEN

1) Determine the hierarchical structure: the top target work out optimal decision scheme is for
state overhaul of many sets of transformer, intermediate layer analysis the factors which effects the
ultimate goal and the solution layer is presented for the ultimate goal.

2) While the experts score in the form of triangular fuzzy numbers, the factor fuzzy judgment
matrix and fuzzy judgment matrix is determined according to experts and comparison of two scoring

results. hypothesis that the factor judgment matrix isC=(c;),, G = (I;,m/,u;) and the fuzzy
judgment matrix is P =(p, )., B = (7, M, u7) .

3) Test the single criterion of fuzzy judgment matrix consistency and calcul ate the weight vector
of the corresponding matrix. Then matrix weight calculation formulafor the factor judgment is

SK :Z;,Clj (Z;Z;Cu)_l (8
j= i=l j=

It can also be written as

DI BT

SK:( n]:1n 1 n]:1r| ' n]:1n

PRI AIPN

i=1 j=1 i=1 j=1 i=1 j=1

) )

Assuming S asthe Local factor weight, the local factors weight vector iSS:[S,SZ,...,Sn].
Q Q Q
Programme for the judgment matrix weight calculation formula F,=> p,-O.> p)™
j=1

i=1 j=1
(10)
It can also be written as

u’
) (11)

The local scheme weight matrix can be represented asF =l qu]”XQ. Then, the formulafor the local
weighting vector is
J=SxF (12)

4) According to the local weight vector ,work out the comprehensive weight on the ultimate goal

of each scheme .Assuming that the comprehensive weight vector is 2=12125,:24] , calculate the

possible degree of Zi2Z) that is to sayV(Zi 2Z;) (1-1,9€ QHj #1y Then making use of an
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improved possibility degree method -- comparison of average dominance, work out the average
dominance of Comprehensive weight vectors and establish a comparison information matrix which
represents the compared plans , this matrix is fuzzy complementary matrix. At last, sort the fuzzy
complementary matrix. The larger the sorting values,the sronger the corresponding solutions relative
advantage .So the decision makers can choose the maximum one as the optimal scheme.

Case Study

Therearefour transformers, called a b, c and d, in aUltra-high-pressure company. Figure 1 shows
that the optimal maintenance order hierarchical model of these transformers.

Optimal sequencing of
multiple transformer
maintenance decisions A
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Figure 1.0ptimal maintenance order hierarchical model of transformers
Table | shows the factors that affect transformers decision
Table |.Factors that affect optimal maintenance decision

l'l;rget Criterion layer Transformer a Transformer b Transformer ¢ Transformer d
State evaluation Single Attention abnormal abnormal serious
Fault location and type Qechanlcal failure ;hermal fault Trimble fault B ;hermal fault
Pre-assessment 10 months 6 months 5 months 1 months
Impact of
short-circuit Genera Good well great
Optima | Historical
| factor Lightning n=0 n=1 n=0 n=2
mainte
nance Running Years | 5 7 18 9
order
of _ Assets 9 7.4 7.4 49
transfo | Risk .
rmers | assessment ,rﬂ\a\t/eerage failure General Good well great
Economic factor Significantly important Very important | Very important | important
Opportunity maintenance no no yes yes
Environment no no no yes
Maintenanc | gpare parts yes yes no no
e conditions —
Peak electricity | no yes no no

Constructing comparison deter mine matrix of factorsand formula
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1) The constructing comparison determine matrix of factors based on figure 1:

Table Il. Constructing comparison determine matrix of factors

No. name order meaning
Pairwise comparison of
A the  second layer
! M 8 sub-factors to the
overall target layer
B4 Pairwise comparison of
2 M 3 B4 to B4
3 M B® 3 comparison of B5 to B5
4 M B8 3 comparison of B8 to B8

2) Weight of the factor matrixs

Table I11.Factor weight vector

name Weight vector corresponding to factors

M B4 [(0.2857,0.4286,0.6316) (0.2857,0.4286,0.6316) (0.1071,0.1429,0.2105)]
M BS [(0.2857,0.4286,0.6316) (0.2857,0.4286,0.6316) (0.1071,0.1429,0.2105)]
M B8 [(0.2308,0.5000,0.9130) (0.1795,0.2500,0.3913) ( 0.1795,0.2500,0.3913)]

3) Integrated multiple expert opinion, we can draw a comparison determine matrix of B1-B8 and
test the consistency, and determine the formula -factor-weight of these matrixs. Then we can
determine the weight of all of the factorsto options. Thisisthe formula- weight matrixs:

N=|

[(00880,00462,00689)
(02975,04891,0.78%6)
(0204502920434
(0040100760178
(01627,03186,0634)
(02975,04891,0.786)
(00707,008330.1014)

| (01071027150658)

(014770207302849)
(02405021740:3%1)
(0138019360274
(008480217205468)
(012660227004X8)
(01405,021740:3391)
(00707,008330.1014)
(01541,0378509177)

(0263503732,05201)
(00BB1,0076L0:1174)
(QCRZ7Q040200615)
(01147,0257306079)
(01374024870.46589)
(0I406021740:3%1)
(030B00416705676)
(00RLOII505)

(02655037205201) |
(01405021740.331)
(03271,04630,0662)
(01821,04460,1.0890)
(0121302063037
(00BBL00761,01174)
(03030,04167,05676)

(0110002286051 |

Comprehensive weight
We can calculate the weight factor S* paged on factors-comparison matrix M* of al of the
factors to overall target factor, and obtaine weights from the bottom layer by layer based on FAHP,

and then calculate the comprehensive weight N of four formulas to overall target. N = S*xN°®
(0.0558,0.1415,0.3740) |'
(0.1094, 0.2545, 0.6197)
(0.0924, 0.2147, 0.5274)
(0.1665,0.3894,0.9313)

Optimal decision-making formula
Comparing four triangular fuzzy numbers, we draw a dominance matrix based on Comprehensive

weight that is calcul ated.
1 07007 0.7937 0.4556

vo|t 1 1 0.7568
|1 09131 1 06738
1 1 1 1

Transforming fuzzy numbers-determine matrix into Fuzzy Complementary Judgement Matrix, we

draw a mean dominance matrix or so-called Fuzzy Complementary Judgement Matrix R
05 03504 0.3968 0.2278

06496 05 05435 0.3853
“|06032 04565 05 0.3369
07722 06147 06631 05
Since ordering vector of the average dominance matrix is one correspondence to synthesisweights,
we know the famulasort Correspond to the Sort vector of matrix R | Calculating the matrix R | we can
slove vector of matrix R | which means the order of the corresponding famulais drawn
w = (0.1188,0.2696,0.2241,0.3875)

According to the above results, w, >w, >w, >w, Thefinal integrated decision-making famulais
repairing d firstly, b secondly, c thirdly, and afinall;}.
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Conclusion

Through a comparative analysis of cases of multiple transformer maintenance decision-making
order to the state-based, integrated decision-making with a variety of factors to arrive at optimal
decisions order more scientific. Compared to traditional manual methods, the FAHP based on
Triangular fuzzy numbers can give the more scientifically optimal sequencing of the multiple
transformer maintenance decision, which has a certain application.
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