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Abstract

To improve the accuracy of the state evaluation is the most important for the relay
protection state maintenance. Therefore, a fuzzy synthetic evaluation of relay protection
based on variable weight value is proposed in this paper. Pick up the major factor of the
device and secondary circuit of relay protection to establish a reasonable index system of
state evaluation. Then according to the variable weight comprehensive concept of factor
space theory, we introduce the balance function to adjust the weight coefficient of each
factor. Final, get the membership function in triangle trapezoid distribution to show the
condition information, and select synthetic operator, then an evaluation system of relay
protection with objectively and accurately is proposed. Running examples show that after
dealing with the variable weight, some factors weight value become larger or smaller, so
running state of evaluate factor may be changed, make it close to the real running state.

Keywords: Relay protection; State evaluation; Variable weight Fuzzy comprehensive
evaluation

1. Introduction

State maintenance is base of state evaluation of protection relays and secondary circuit,
also is the important basis of maintenance decision. The results of the state evaluation will
effects the consequence and quality of the protection relays and secondary circuit directly,
and it is related to the safe and stable operation of power grid. In state evaluation, the
relationship of each state as well as the relationship of each state variables and evaluate
results should be considered adequately. Protection relays and secondary circuit involved
a large amount of state factors, imperceptible changes of every state factors will effect on
the results of the state evaluation immediately or indirectly. In the past, constant weight
coefficient was used for the fuzzy synthetic evaluation, when individual significance
parameters seriously deviated from its normal, constant weight could not reflect the
impact of the operation of protection relays objectively. When a minor constant weight
state factor was changed, the results of the state evaluation may be in a normal level.
Therefore, some wrong maintenance plan will be decided which would be lead to an
unnecessary damage.

In this paper, on the basis of improvement the evaluation index system of relay
protection status, entropy method is used to calculate the constant weight, the balance
function is used for adjust the variable weight coefficients, choosing appropriate synthetic
operator. Then a comprehensive status evaluation of protection relays and secondary
circuit model is proposed. The condition assessing model could reflect the real running
condition of protection relays and secondary circuit.
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2. The Index System of Relay Protection Status Evaluation

The factor index which can be effect the protection relays and secondary circuit is an
enormous datasets and it is variance between each factors. Hence, choose the major factor
of state variables is difficult. In this paper, based on the principle of comprehensiveness,
accuracy and operability, combining with historical operation data and real time data to
establish the index system of relay protection status evaluation. Especially, the real-time
data of temperature can be only reflect the equipment running status, unable reflect the
aging degree of the device. When the device temperature is in an abnormal state for a long
time, it has a serious harmful effect on the aging degree of the device. As a consequence,
the temperature history balance offset is used for the evaluation factor of the historical
operation data. As Figure 1 shows that the index system of relay protection status
evaluation can satisfy the online status evaluation.
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Figure 1. Index System of Relay Protection State Evaluation
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3. Variable Weight Coefficients of the Comprehensive Evaluation

3.1. Constant Weight Coefficient

In this section, we give a review of entropy method to confirm constant weight.
Analytic Hierarchy Process is in common use. Usually, corresponding weights is given by
experts. The strong subjective color and the difference brought by every experts
experience make the results of evaluation is different. In this paper, using entropy method
to confirm constant weight in order to avoid the above disadvantages. The algorithm is
described as follows:

(1) Build a data matrix

(a0 u )

Of the above factors, u, denotes the value of factors j in state variablesi .

(2) Data normalization treatment

Because each evaluation factors do not have metrizability, we can not directly use the
initial factors of each state variables fuzzy comprehensive evaluation. We need to
eliminate the dimension, magnitude and the factor type of each state variables and then
fuzzy comprehensive evaluation. It is also called standardized processing.

For positive indicators

Xi' -min{x }
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For negative indicators
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Letu, denote standardized data after standardized processing.
(3) The proportion of state variablesi index account for factors j is calculated.

.
X =1 (j=12,m) 4
Yoz

i=1 Y

(4) Information entropy and redundancy of entropy of factors ; is calculated.
Information entropy

ej=—k£>(”><ln>(” (5)
Redundancy of entropy
d j=1-¢ (6)
(5) Constant weight coefficient
w12 (7)
T d,

Entropy weight, as an objective weight method, fully consider the information
provided by evaluate index, avoid the deviation by artificial factor.

3.2. Variable Weight Coefficient

In order to evaluate the real running condition of the protection relays and secondary
circuit, the state variables of the protection relays and secondary circuit is divided into
several evaluation factors. Comprehensive assess the evaluation factors and then we can
obtain the results of evaluation factors. Final, the running state of the protection relays

Copyright © 2015 SERSC 145



International Journal of Multimedia and Ubiquitous Engineering
Vol.10, No.11 (2015)

and secondary circuit is obtained by fuzzy comprehensive evaluation. On operation
processing, although entropy method improve too dependent on subjective factors to
some extent, when some small weight value diverge from normal values seriously,
assessment index of evaluation factors can not be highlighted through fuzzy operator.
However, protection relays and secondary circuit still stay in normal state. Thus, only use
constant weight by entropy method cannot reflect the real running condition of the
protection relays and secondary circuit, balance function is introduced to adjust weight
coefficient.

Variable weight with balance function realized real-time adjustment of weight
coefficient. It can reflect the proportionality of each factors in comprehensive evaluation,
solve the problem that the difference between evaluation result and running state caused
by the change of smaller state evaluation factors. Variable weight formula as follows:

wy = [y e (8)
XI k=1 Xk

Here, . is the mean of variable weight coefficient of state variablesi; x is the mean of
rating value of state variablesi; n is the means of number of state variables; w, is the means

of constant weight coefficient of state variablesi.
Balance function &

Bn =ﬁxf(T>0) (g)

T

Introduce balance function g, into variable weight formula

w = hd (10)

m
-1
X XWX,
k=1

Variable weight formula after introducing balance function could reflect
proportionality of each factor state.

4. State Evaluation Steps

4.1. Factor and Comment Sets

As Figure 1 shows that the evaluation results U of the protection relays and secondary
circuit includes two parts: 1) the history operation conditionu,; 2) the actual operation

condition v, . History operation condition v, includes device v, and secondary
circuit v, .Therefore, factor sets denote U= (u,u,3 , Wwhere u =qu.i-1.63 ,
u,={u,,u }andu21:{u21l,i:l...7} Up={Uy,, J=21...7}.

Considering that maintenance strategy and maintenance schedule, the running state of
the protection relays and secondary circuit is divided into well, normal, similar to normal,
attention, similar to attention, abnormal, severely subnormal. Operation and maintenance
staffs should be pay attention both similar to normal and similar to attention, which is in
critical state. Comment sets denote v=¢v v, .v..v..v,.v,.v 3 -

4.2. Membership Function

Membership function is the key to use fuzzy geometric theory to solve practical
problems. Fuzzy statistical method, citing instances method and expert experience method
is common used. In engineering, the distribution form membership function is trapezium
distribution, triangle distribution, normal distribution etc. Considering that state
distribution of relay protection disobeys an idealized trapezium distribution; Normal
distribution shield information result in membership degree is lower; the two ends of
triangle distribution have no fuzzy set center. In order to improve the rationality and
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accuracy of condition evaluation in the protection relays, using improved triangle and
trapezium distribution could expressed membership degree accurately. The paper select
improved triangle and trapezium distribution model, each state level fuzzy set have a
center. That is the maximum point of membership degree peak. Figure 2 shows that the
triangle and trapezium distribution.
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Figure 2. Membership Distribution of Fuzzy Trapezium and Triangle
Distribution

The expression of triangle and trapezium distribution is
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As Fuzzy relation matrixr, = ¢r,,r,.r,..r,3 , Single factor evaluation matrix g
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Fuzzy comprehensive evaluation of the weight sets » confirmed by variable weight
coefficient formula and single factor evaluation matrix g , then the result could be
obtained the evaluation fuzzy subsetss .

4.3. Results of Synthesis Fuzzy Comprehensive Evaluation

This paper use the model m(.v)to synthesis, the data in this operator model directly
decided by matrixr inp, may not be the maximum factors in each column. Not only
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requiresr, large, and requiresa, should be large. Put ther, revised tor* , becauser, had

restricted functionality, single factor can better reflect the importance of the evaluation
results. Highlights the information in the secondary factors to judge, calculation formula
of the models,

b= A ('), j=12,...m
i=1

(13)

According to comprehensive evaluation of the synthetic operator m(.v) in the protection
relays and secondary circuit, we can get a scientific and rational conclusion. The result
can be very intuitive to reflect the real running condition of the protection relays and
secondary circuit.

5. Case Analyses

Using index system and fuzzy synthetic evaluation method based on variable weight
value above mention in this paper, to evaluate a relaying protection device of a substation
as an example to comprehensive analysis running condition.

5.1. Fuzzy Relationship Matrix

According to monitoring of the actual data of the relay protection device evaluation
state variable, substitution membership function of each state of formula (11) to obtain
membership degree of each factor. In table 1, fuzzy relation matrixr of running state is

obtained.

Table 1. Evaluation State Variables of Protection Relays

Factor Membership degree
State variables Evaluation Content set
V1 V2 V3 V4 V5

Device operating Running environment

environment (tem, hum) Y 0.7 0.1 10270 10

Hardware fault The case of software and

condition hardware equipment failure e 0.5103 10170110
Including data in the screen

. . wiring insulation

Insulation condition protection cabinet and each Usig 06(01]01(02]0

plug
. Sampling analog and

Data sampling digital sampling Usus 05(02]01(02]0
Communication condition

Communication between monitoring

condition background and protection s 0610210110110
information

Channel test HF channel test and Fiber

condition channel test e 0.710.11 0.1 10110
Main variation flow, bus

Difference flow difference flow and fiber

detection condition longitudinal differential fa 0410410110110
data
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Table 1 can obtain the fuzzy relation matrix s

[0.7 05 06 05 06 0.7 0.4]
IO.l 03 01 02 02 0.1 0.4}
lo2 01 01 01 01 01 0.1l
0 01 02 02 01 0.1 0.1}
0o 0 0 0 0 o0 0

0 0 0 0 0 o0 0
0 0 0 0 0 o0 0

R

|
=
|
|
|
{
5.2. Constant and Variable Weight Coefficient

First, using entropy value method of formula (7) can obtain constant weight
coefficient a,, using formula (10) can adjust variable weight coefficient a, , which is

shown in table 2.

Table 2. Constant Weight and Variable Weight Coefficient

Daytop oet Usiy Usip Usis Usis Usis Usie Usir
Xovotavt 0.315 0.39 0.15 0.09 0.013 0.032 0.01
woplofre 0.318 0.221 0.21 0.068 0.083 0.042 0.058

Table2 is express that
Constant weight sets:

Al:[0.315 0.39 0.15 0.09 0.013 0.032 O.Ol]T;
Variable weight sets:

A, =[0.318 0.221 0.21 0.068 0.083 0.042 0.058]T

5.3. Fuzzy Comprehensive Evaluation

According to formula (13), comprehensive evaluation result of relay protection device
in constant weight coefficient and variable weight coefficient obtained respectively, result
are as follow.

T

b:B°AI:[O.4966 0.2635 0.1419 0.088 0 O O]

1
b,=R°A,=[05679 0.1667 0.1667 0.1056 0 0 O]T

Membership degree of protection relay devices running state by the constant weight
coefficient belong to well condition is 49.66 percent, membership degree is 56.79 percent
by the variable weight coefficient. The membership degree of protection relay devices
belong to well condition is maximum, the weight coefficient is similar to running state
before adjust the weight coefficient. It is explanation that variable weight process could
be made sure the accuracy of the evaluation results. The membership degree in the normal
state is falling after variable weight process, the condition of similar to normal and
attention membership degree is increase. The results show that, although the overall
running state is in well condition, some factors index of state variable is falling. Due to
the constant weight coefficient is small, the relay protection devices may be in well
condition. The variable weight increased its weight coefficient and the relay protection
may be in poor condition, close to the real running state, convenient for the efficiency of
maintenance work.

6. Conclusions

(1) Establish the evaluation index system by extracting important factors from many
important influence factors in the relay protection device and secondary circuit. The index
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system according to the text is combined with the running status of the history and the
actual operation situation. It will be a great help for the accurate judgment of the actual
operation of the relay protection device to refer to the running status of the history when
monitoring the actual operation situation.

(2) Put forward the weight coefficient in the way that use the balance function to
construct the adjustment factors of variable weight based on constant weight. Balance
function, one of the important modeling principle of variable weight synthesis theory,
shows the balance among all the elements in the comprehensive decision, improves the
problem that when the constant weight coefficient contributes to the performance decline
of some aspects of the relay protection device, the overall evaluation may still at the
normal level, and improves the accuracy of the judgment results.

(3) This paper uses the triangular fuzzy trapezoidal membership function to construct
the fuzzy evaluation matrix of state variables. Considering that the state distribution of
relay protection will not obey the ideal trapezoidal distribution when operating really, we
combine the characteristics of the triangle distribution and trapezoid distribution, and use
the improved triangular trapezoidal distribution to express the state of the distribution and
gradation more accurately

(4) By using m(,v) to compose the operation can reflect the importance of the
evaluation results of single factors in the fuzzy comprehensive operation.

This paper presents a fuzzy method to evaluate the state of relay protection based on
variable weight coefficient. In some degree, it can improve the accuracy of state
evaluation of the relay protection device and secondary circuit and provide reliable
reference basis for the maintenance of relay protection condition.
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