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Abstract—Reliability Centered Maintenance(RCM) is one of Because of those, through the expert opinion system

most widely used methods in the modern power systeschedule a
maintenance cycle and determine the priority opéusion. In order
to apply the RCM method to the Smart Grid, a preoed study for
the new structure of rearranged system should bferpeed due to
introduction of additional installation such as ewmble and
sustainable energy resources, energy storage desaing advanced
metering infrastructure. This paper proposes a meethod to

evaluate the priority of maintenance and inspectiérthe power

system facilities in the Smart Grid using the Ristority Number. In

order to calculate that risk index, it is requirgdht the reliability

block diagram should be analyzed for the Smart Gygtem. Finally,

the feasible technical method is discussed to agtinthe risk

potential as part of the RCM procedure.

failure rates of faciliies must be estimated adowy to
circumstance of system. Also traditional RPN caltioh
has a problem that RPN

proposed to model the failure rate as a fuzzy meshiie
function to settle these problems. This method dasebl on
failure data from other sources by means of theyfuheory
and the expert opinion system. And considering ssssent
tendency of each expert, distortions that happemeen the
failure rates of facilities is estimated were miided. These
results determine Occurrence values of facilitidgking
advantage of this result, the Risk Priority Numlman be
calculated with Severity and Detection of facibtiey using the

Keywords—Expert System, FMECA, Fuzzy Theory, Reliabilityfuzzy operation.In section 2, before assessment thef

Centered Maintenance, Risk Priority Number

|. INTRODUCTION

HE Reliability Centered Maintenance (RCM) is a noeth

based on reliability of components in the system RECM
is being studied, maintenance task can be perfoefiedtively
through the Risk Priority Number (RPN) evaluatidioat the
component in the system [1]. In order to apply REM
method to the Smart Grid, a precedence study ferrw
structure of rearranged system should be perforiieerefore,
an analysis for system structure should be neggsaad that
can be performed by the RPN analysis. The RPN gesvi
engineers with the maintenance priority order amfangities
in the system by evaluating Severity(S), Occurré@geand
Detection(D) about facilities. The Severity meapsiaisness
about effect of failures. The Occurrence is a fesgry number
of failures. And the Detection is a potentiality faiding out
failures [2]. The RPN informs the risk level of iities and the
priority order of maintenance task, however if thés no
sufficient historical failure data, it is difficulb calculate the
RPN [3]. In this case, historical failure data frother sources
can be used and this data can be applied to ouensys

Occurrence for Power System Facilities in SmartdGthe
failure rates of facilities were estimated throwgpert opinion

system considering assessment tendency of eachteipe

section 3, the method for assessing the Severitgu@ence
and Detection is described. In section 4, the pgsegamethod
is applied to the power substation system in tharS@rid.

Il. DETERMINATION OF THE FAILURE RATE

Because the Occurrence can be evaluated by using th

failure rate of the facility in the Smart Grid, fast the failure
rates of the facilities must be determined. Howef/é¢here is
no sufficient historical failure data such as poVecilities,

historical failure data from other sources mustused as a

substitute. When the failure data substituted iedust is
necessary to process the failure data from othercsee

through the expert opinion system. If projectivesessments

evaluated by experts are reflected on determinatibrihe
failure rate, the extreme assessment tendencyré sxperts

will distort the results excessively. Therefordsitproposed a

new methodology to determine the failure rate usirgexpert
assessment matrix reflecting tendency of expertel Auzzy

However if historical data from other sources isdis theory is used to express the uncertainty of faitlata.

without any process, there will be concomitant peois
according to a discord of each system characteristh
uncertainty of failure rate, a difference betwelea present
and the date of failure data from other sourceseatid

A. Expert Assessment Matrix

Experts evaluate the failure rates of facilitiesoir system
based on work experience, aging of facilities, afien

condition, and level of technology in comparisonthwthe

failure data from other sources. The Expert Assessm
Matrix, X, is defined composition of expert's assessments as
(). A row of the matrix means a sort of faciligy,column of

S. H. Lee, Y. S. Lee and J. O. Kim are with the &v&pent of Electrical the matrix means each expert.

Engineering, Hanyang University, Seoul, Korea @inshlee@kwater.or.kr ,
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is calculated simply by
multiplications [2], [4].In this paper, a new methodology is
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Xy Xpp o Xy, B. Weighting Vector of Experts
X, X. ... X It is necessary that assessments by each expereayeted
_ 21 22 2j . . . i
X= - . (1) according to title, work experience, educationatleage and
: : : etc[5]. It could represent as a vector, (4).
Xil Xiz Xij
wherei is a sort of facility andj represents each expert. “
The assessment values is in the range of integdf.IThe W = wz 4)
lower value than a point of reference, 5, meansftilure rate :
of this facility is lower than the failure rate froother sources w,

relatively. In case of the contrary, the failuréeraf the facility

is higher than that of other sources relatively. described .

above, there are problems in expert system as wfioitp where n is the number of experts, and), represents

statements. Some experts having a very small dewiatweighting factor of the expert.

tendency of assessment for all facilities will distthe results ¢ Assessment Vector of Failure Rate

from other experts’ lower value or higher valueatively. That

is, the failure rates will be under-estimated oermestimated

due to a very small deviation of assessment fromesexperts.

On the contrary, other experts having a very lagdgeiation

tendency of assessment will distort the resultsoAtom the

viewpoint of the facility, when a facility is evalted as a lower Xoow = Xiey XW ®)

value from most of experts, the result may be distbdue to

only a few of experts having extreme tendency séssment.
Based on this logic, the Expert Assessment Mattistnive

revised so that it is proposed the Revision Matafkecting

Expert’s TendencyAX in this paper. The Components ofailure rate of facilities in the system in Com|sa|ri with failure

For applying the weighting factor to the Revisedpé&it
Assessment Matrix, it could be obtained the Assessm
Vector of Failure RateX,,, as (5).

There exist rows inX,, as the number of facilities.

AX is calculated as (2). data from other sources. It is reflected not ordgemsment
tendency of each expert but also the weightingofaciof
g X - experts.
AX:_un (2) ) ) )
o) n D. Expression of the Failure Rate as a Fuzzy Function

For expression of the failure rate as a triangizyufunction
where g; is a standard deviation of componentsjaolumn [6], the fuzzy membership function is composed igs E.
in X, g is a standard deviation of componentsi oéw in  f(x,, )

X, X; represents a component M, m, is a mean of

1 05 0.75 1.0 1.25 15
components of row in X, and n is the number of experts. In
(2), o, represents a tendency of experts, represents a
standard deviation for assessment of facilities dxperts.
According to (2), assessment will be upwarddif of the i
0 25 5 75 10 X

new.i

expert doing that assessment is large. On the tidad, from Fig. 1 Fuzzy membership function for expressiotheffailure rate

the viewpoint of the facility, if a facility was &sated with

lower value or higher value from a few of expehart other Using the Assessment Vector of Failure Rate, théhoe
experts relatively due to extreme tendency of assest, the hat the failure rate is expressed as a fuzzy foncis
result will be downward because pf. For a magnitude of fo|lowing (6) ~ (8). The center value of fuzzy fuin is
revision effect, it is reflected a difference bedweg; andm, . determined as (6).

The Revision Matrix reflecting Expert's TendenciX
consists of negative or positive values accordingssessment A
tendency of each expert. Applying (2) to (1), itultb be
obtained Revised Expert Assessment Matix,, as (3).

=G f o (Xai) ¥ Co e o(Xi)  (€=0.5, 0.75, 1.0, 1.25, 1. (6)

where A, is a center value of fuzzy functiorx,,; is an

assessment of the failure rate for facility, and c is a
X =X +AX 3 weighting value of each fuzzy membership functidn.

rev ©) expressing the failure rate as a fuzzy functioerehare two
where components oX ., range 0~10. fuzzy membership function value for one assesswifailure

Components inX,, mean assessments of experts about the
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rate to calculate the lower limit and upper liniit. (6), two The Detection is determined using a mean delay tumeh
terms, ¢f,(X,,;) and c,f,(x,,;) each include the is required between a failure event and a repaioracSimilar

uncertainty about lower limit and upper limit of fazzy to the Occurrence, it is necessary to normalizeeamdelay

function of the failure rate. Those lower limit andper limit time.
are calculated as (7) and (8).

Detection, =5+ (11)
) X Mi o,
| = /]C — IOI X mlnl{cl’ CZ} (7) d
n
u=A + b xmaX{Cl:Cz} @) whereT, is a mean delay time of facility, m, is a mean of
n

T, for all facilities, ando, is a standard deviation df for all
facilities. For the RPN calculation using the fuzazyeration,
wherel is a lower limit of fuzzy function of the failumate,u the S and D are merged in a fuzzy function usir&).(1

is a upper limit of fuzzy function of the failurate, o is a

standard deviation of componentsiobw in X, andn' is a Cep = Severity + Detection

coefficient related the number of experts. Because ' 2

concomitant uncertainty is larger th& estimation value for |50 = min[Severity, Detection] (12)
the failure rate is larger, the lower limit and eppimit each Ug, = max[Severity,Detection]

are calculated with a minimum value or a maximurueas
(7) and (8). And if the deviation of assessmenimfreach
expert is large, it means that the uncertaintyaigd. On the
other hand, the number of experts affects a madmitf the andu,, each represent the lower limit and upper limittef
lower limit and the upper limit contrary. '

where Cg, is a center value of merged fuzzy functiog,

merged fuzzy function. Finally, the Occurrence fumction
and the merged fuzzy function (Severity and Debegtiare
combined as the PRN fuzzy function using -cut
The RPN is the value to determine order of mainte@a operation[7]. The RPN is determined by the horiabwalue

I1l. CALCULATION OF THE RISK PRIORITY NUMBER

task, and it is assessed in the range of 1~10srp#per. of the center of gravity of the RPN fuzzy function.
The Severity is determined using the reliabilityodk
diagram analysis. Composing facilities of the gsystes the IV. CASE STUDY

reliability block diagram, the minimal cut set(MC8&juld be

obtained, and then the Severity is calculated hs (9 system is applied to the power substation systerh as in Fig.

2 (a). And Fig. 2 (b) is a reliability block diagneof the power

M.O .
z fewx N, substation system.
Lo _ = : The MCS could be obtained from Fig. 3, and using &
Severity, = ——5—— 9) i L
z N Severity evaluation is performed. The results arEABLE |.
= ] AL Bl
LAZ LA! 1 LBZ LBi
where w is a effect value of a failure of each component, - o
M.O is a maximum order of MCS, an; is the number of
MCS for facility i in j-order. a7 &
To calculate the Occurrence, the failure rate model e e - "
expressed as a fuzzy function is used. A processdsssary to P PPN v v T e
normalize the value of the failure rate model @) (1 EJ“ EJ [g f;'m %.ﬂ % % %
| D3 | E3 | F3 | G3 o2 b T b e
A, %A —m, o Dle
Occurrencq Y - — (10) (a) Substation system (ipbality block diagram

Fig. 2 Power substation system and reliability kld@agram

o]

where A; x4 is the estimation value of failure rate for fetgili
i, m is a mean of the estimation value of failure rfateall
faciliies, and g, is a standard deviation of the estimation
value of failure rate for all facilities.

The proposed method using the fuzzy theory and rexpe
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TABLE | TABLE Il
SEVERITY EVALUATION OCCURRENCE EVALUATION
Facility Code of facilities Severity Occurrence
- Al, A6, A8, B1, B6, B8, Facility
Gas Circuit Breaker D2, E2, F2, G2 4.09 Lower limit Center value Upper limit
Transformer, Station A7, B7 4.95 Gas Circuit 4.46 6.47 8.98
A2, A3, A4, A5, B2, B3, Breaker
Switch B4, B5, D1, D3, E1, E3, 2.73 Transformer
F1, F3, G1, G3 Station ' 1.24 5.36 10.00
Bus C1,C2,C3 10.0
Switch 1.68 3.96 7.00
For the Occurrence evaluation, the assessmentpefrisxis Bus 1.18 421 8.25

assumed as in Table Il. In Table Il, the mean vaisie
arithmetical average of assessments, and the devislee is
calculated using proposed method. From Table
Occurrence evaluation is performed, the resultshmwed in
Table Ill. The Detection evaluation is assumednagdble 1V.
Table IV shows the comparison between traditionathod
using multiplication and proposed method using yutreory
and expert system considering the assessment @nden
traditional method, Severity(10.0) for bus is neflected the
RPN relatively, so that the priority order of bus lower.
However, through the reliability block diagram arsid, the
bus is verified as the most important facility thather
facilities. For Gas circuit breaker and Stationngfarmer,
Station transformer has a little larger RPN thaat tbf Gas
circuit breaker both a traditional method and theppsed
method.

le th

V. CONCLUSION

In this paper, a new methodology is proposed in etfind
the failure rate as a fuzzy function for power eystfacilities
in the Smart Grid and in calculating the RPN toed®ine
priority order for maintenance tasks using the yuaperation
and expert opinion system.

Considering the assessment tendency, the distomion
results for the Occurrence evaluation is minimiZ€derefore,
reasonable results could be obtained using theyfaperation
in calculating the RPN. For calculation of the riskel, the
Severity, Occurrence, and Detection could be cemsil in
balance in calculating the RPN, and the prioritgler for
maintenance can be obtained.

TABLE Il
ASSESSMENTS FOR THE FAILURE RATE

Assessments of Experts

Facility Mean Value R\7 v||sed Failure rate
Expert. 1 Expert. 2 Expert. 3 Expert. 4 Expert. 5 alue
Gas Circuit Breaker 8 7 6 6 7 6.80 7.05 1.2715« 105
Transformer, Station 9 6 7 4 5 6.20 6.18 8.3405¢ 10°
Switch 2 2 5 3 4 3.20 2.60 2.2896x 10°
Bus 1 2 5 4 4 3.20 2.65 3.999x 10°
TABLE IV

COMPARISON BETWEEN A TRADITIONAL METHOD AND THE PROBSED METHOD IN CALCULATING RPNAND DETERMINATION OF PRIORITY ORDER

. RPN by Priority order
Facility S (0] D muﬁipwcgz/ion P,:ﬂlttiyg:t?cr,:y proposed by proposed
P P method method
Gas Circuit 4.09 6.47 5.00 132 2 5.19 3
Breaker
Transformer, 4.95 5.36 5.50 146 1 5.28 2
Station
Switch 2.73 3.96 4.00 43 4 3.61 4
Bus 10.00 4.21 3.00 126 3 5.79 1




International Journal of Electrical, Electronic and Communication Sciences
ISSN: 2517-9438
Vol:6, No:2, 2012

REFERENCES

[1] J, Moubra , “Reliabiltiy-Centered Maintenance”, &umvorth-
Hinemann, 1995.

[2] John B. Bowles, “An Assessment of RPN Prioritizatio a Failure
Modes Effects and Criticality Analysis”, ProceedingAnnual
Reliability and Maintainability Symposium, 2003.

[3] Kai Meng Tay, Chee Sing Teh, David Bong, "Developmef a
Fuzzy-logic-based Occurrence Updating model forc€se FMEA",
Proceedings of the International Conference on Quaerp and
Communication Engineering , 2008.

[4] Hai-Chao Ran, Li-Hua Sun, Ying-Jun Guo, Jin-Fenath "A Fuzzy
Method For Risk Quantitative Analysis of System |ai',
Proceedings of the 5th International Conferencélachine Learning
and Cybernetics, 2006.

[5] Dong Yuhua, Yu Datao, “Estimation of failure proiiéyp of oil and
gas transmission pipelines by fuzzy fault tree ysisl, Journal of
Loss Prevention in the Process Industries, No.Q852p83-88.

[6] Tong Wu, Guangyu Tu, Z Q Bo and A Klimek, "Fuzzy geory and
fault tree analysis based method suitable for fdidgnosis of power
transformer”, Intelligent Systems Applications mmwer Systems, 2007.

[7] Sadaaki Miyamoto, "Fuzzy Sets in information retaleand cluster
analysis”, Kluwer Academic Publishers, 1990.

Sung-Hun Leereceived the M.S. degrees in electrical engine€iriog
Hanyang University, Seoul, Korea, in 2007. He igrently a Ph.D.
candidate in department of electrical engineerihiganyang University and
researching in reliability centered maintenance.

Yun-Seong Leereceived the B.S. degree in electrical engineefiom
Hanyang University, Seoul, Korea, in 2008. He igrently a Ph.D.
candidate in department of electrical engineerifgdanyang University.
His research interests include reliability centemadintenance, system
diagnosis and optimal maintenance planning.

Jin-O Kim (SM’'03) received the B.S. and M.S. degrees in et
engineering from Seoul National University, Sedkbrea, in 1980 and
1983, respectively, and the Ph.D. degree from TeX&M University,
College Station, in 1991. He is presently a Prafiegsth the Department of
Electrical and Control Engineering, Hanyang UniitgrsSSeoul. His research
interests include power system reliability, plargjiand power economics.

234



