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New Methods for Reliability Prediction at
Nuclear Complex System (NCS)

Vasile Anghel

Abstract— The reliability level for a nuclear installation géiven
in generally by the technological process qualityoperation and
maintenance and in particular by a lot of technitathnological,
economic and human factors.

The maintenance role is fundamental for a nuclestallation.

In the maintenance activity as in any dynamic arappear
continuously new elements which, sometimes, requéne methods
of approach, thus for considered installation tigeata Nuclear
Detritiation Plant (NDP) existent as part of NaabriResearch and
Development Institute for Cryogenics and Isotop&cAnologies —
ICSI, Rm.Valcea, for assurance the reliability leire operation is
proposed for predictive maintenance the theoryyfuentropy theory
and software LabVIEW. The final aim is to achielie best practices
for maintenance of Plant that process tritium.
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I. INTRODUCTION

Nuclear Complex System (NCS) suppose best practices

for taken decision in many operational problems. the
activity of operative maintenance is proposed tméropy
method for historical data of operational maintexeaand for
predictive maintenance is quantified the reliapilirediction
with fuzzy logic method.

The reliability in operation of the equipments froWCS is
in pressing connection with the maintenance achiebh®se
which has to improve the reliability through metkoend
advanced techniques.

For the complex equipments from NCS, the reliabilg
studied also in pressing connection with mainteaamtich is
defined as the ensemble of all actions that arecésed,
effectuated in the aim maintain or a reestabligitmef
industrial product up to achieve specified function

The maintainability is the aptitude of an indudtpeoduct,
in given utilization conditions, to be maintainechdare-
established up to achieve specified function, timaimtenance
is effectuated in given condition, with proceedingsd
specified remedies.
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At the general mode the reliability on some intérigaa
conditioned probability by good operation at thgibaing of
the interval, representing thus the probabilitytlzes element
which operated at t = tO to operate in the intefi@ltl), too.

The failure is the fundamental event in the religbtheory.
Through breakdown (failure) is understood the gimgress of
the function imposed of a product, the failure emgnting the
effect of the process. The operation of a productcertain
duration can be a “success" or a “failure”.

Through present paper is followed the realizatidnao
guantify method of the reliability NCS through mtmming of
vibrations and choose the best activity of opeeativ
maintenance in given conditions from determinedratte like
in figure 1 of complex equipments applying the futtzeory.

The fuzzy technique for modeling is a model infotimzal,
used in special for the systems for which structure
identification is difficult or impossible.

The fuzzy systems are based on rules, obtainedghrthe
experimental behavior observation of real systgmplied of a
linguistic variable.

Il. PROBLEM FORMULATION

It is considered as the technology of process staltation
NCS is normal therefore unchanged. The fuzzy system
conceived as model is foreseen with a linguistoutrvariable:
likelihood of failure based on vibration monitorifg) and a
value of exit: reliability level as the maintenarfoe reliability
(CD). It is considered that is not intermediateiatales.

The fuzzy logic principles have been adopted in ynan
different fields. In this paper and in addition {RB) is applied
the fuzzy logic for maintenance domain, respectoretaken
decision in operative maintenance that process muaear
plant.

This paper represents another aspect for impleriemta
fuzzy logic in prediction of reliability level faa nuclear plant.

For the reliability level assessment will be analyzhree
input data:

* Operational problem which is the entropy for ailtge
activities in operative maintenance (Figure 5);
Probability (P) - probability of failure;

» Consequence of severity (CD) — critic aspect.
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Fig. 1. The conceptual model (general processystem
desian) of the fuzzv loaic reliabilihevel assessment svsi

I1l.  PROBLEM SOLUTION

The availability problems become extremely complex

characterizing through methods of calculation,
economical and organization principles.

Bellow we will develop the principal aspects of ception,
organization and efficiency of the availability.

The efficiency measure of the designing actioredized in
the maintenance stage as product, through the asidi
level, on which technical designed system haseitalise a big
part of the maintenance and reliability is defim¢designing.

The unavailability problems become a reality thatstn
substantiate scientific, for to offer support irsigging or re-
designing through the feedback that can be real@edife
cycle of the product.

The studies achieved in world plan, demonstrated tie
preoccupations for elimination of the unavailailiéntrain

Brop

incomparably smaller expenses than damages prodoged

function in conditions by deficit of the technicabmplex
system like is for example an industrial instatlatiby type
process. The cause that sustain the mentioned taspethat
exist a lack of the “guarantees” scientific substaed and
quantified, of the equipments suppliers, of theiglésg and
assembly organizations, of the organizations faining
design, exploitation and maintenance personnel risva
technical and technological operational effectsngfiad to
beneficiary.

In this context present a real interest the conoept
demarche for unavailability elimination to the adisfration
beneficiary of services with technical system cdeséd. So,
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the compulsions which beneficiary is supposed xasgle by
nuclear regulation and authorization for the operafTCS
nuclear considered, respectively compulsions ofmseiand
costs from final customer, beneficiary of servieat be well
supported.

Starting from the general model in Figure 2, fongmating
and accumulating knowledge [12], it will be helpfin
understanding design for nuclear maintenance ottmaplex
systems and of the research afferent processes:e
knowledge for design is generated and accumuldtszligh
action.

Th

Enowledge Building Frocess

o

Channel

Paradigm

Knowledge

7

Enowledge Uking Frocess

Channel

Fig. 2. A General Model for Generating and Accurtinfa
Knowledge

The process is shown that a cycle in which knowdety
used to create design works and works are evaluatédild
knowledge. Thehannelsin the diagram of the general model
are the systems of conventions and rules underhwthie life
cycle operates.

It is analyzed for knowledge process (Figure 2)e th
reasoning that occurs in the course of generalgdesycle
illustrated in Figure 3. This diagram can be intetpd as an
elaboration of th&Knowledge Using Procesarow in Figure
3. In following the flow of creative effort throughis diagram
the types of new knowledge that arise from desicfivities
and the reason that this knowledge is most reafdibynd
during a design effort will become apparent.

Depending on the role and complex technical system
destination (by type nuclear process), respective t task
curve covering of the nuclear system, the availgbind
unavailability indicators are defined on basis iofet, power
and energy statistics.

At conception phase the TCS designer, pre-determine
(prognosis) the availability indicators of the dp®d
objective, planning the medium process productionual
(e.g. Energy, Heavy Water Detritiation, etc.).

The availability indicators prognosis suppose likd-igure

The reliability indicators knowledge of the compohe
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elements from statistic of similar elements funetifrom
processing of resulted data, from the tests acdehsgal
by supplier or from special studies achievementhis
SCope;

Knowledge
Flows

Logical
Formalism

} Abduction

Deduction

= Development

«—— FEvaluation
* Operafion and
Geal Knovlelge

 —— Conclusion

* An operational principle can be defined as
technique or frame of reference about a class adymts
or its characteristics that facilitates creatiomnipulation
and modification of forms” [15]; [16].

Fig. 3. Reasoning in the Design Cycle

« The using of the most adequate probabilistic model
(Binomial Method, The method of Markov Chains with

continuum or discreet time, the Monte Carlo simatat
method, the method of events and failure tree) étc.
purpose of reliability and availability indicatocalculus
at the TCS level;

* The context knowledge in which has been determihed
reliability and availability indicators of the compents
elements and of the conditions in which will evolie
new objective.

Usually the obligations of equipments suppliers are

stipulated in technical conditions or sale/buyingpers
through general foresights, un-quantified and ifiseht of
precise formulated. In present is determined thaenfirms in
world organize their reliability and availabilityesvices and
they are in position to offer guarantees.

The statistic studies accomplished and the numecass
analyses has emphasized the objective necessitypadier to
offers guarantees concerning: the reliability iaddcs, the
availability indicators, life cycle of the equipmemith
indication of lapping, maturity and ageing peridtfe curve
of the equipment) and to transmit to beneficiarg toncrete
instructions concerning the maintenance conditicersd
professional structure of the maintenance equipsnetite
spare parts stock, etc.
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A. The reliability indicators knowledge of the compotse
elements

The availability, respective the unavailability af TCS
defines the capacity/ incapacity of the systemdmoenplish a
given function at a given moment or in certain timirval, if
respect the following conditions:

The availability D(t) and the unavailability U(t)ahe
signification of probabilities;

The sum of the availability and unavailability atgaven
moment or for a time interval is:

P(D)+P(U)=1 (2)
The availability of a system with elements connected in

series:
D= rj D,
= 73

The availability of a system with elements connected in

parallel:
D=1- rj U,

The premises of availability
forecasted through design

L

The reliability indicators
knowledge of the commponent
elermnents

Y

The using of probabilistic rmodel
the most adequated

L

The context knowledge of the
conditions in which will evolve
the new objective

®3)

The asurance of availability, reliability and
maintenability indicators by supliers of TCS

L)

Fig. 4. The integrated availability engineeringlgsigning

The
availability and unavailability for the systems fimction are
determined on basis of time, power and energyssitz]

The availability value is determined by compondatrents
reliability, by technical level of the maintenaraaions and by
the personal training degree;

The maintainability (M) is the probability as amelent or a
system to be restored in function in a certain timerval and
the actions that assure the achievement of thetamaability
indicator are named maintenance actions:

instantaneous values and medium values of the
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1 P categories necessary for maintenance and alsc dfaiining
H= M[T][h ,S7] necessities.
0 (4) The reliability indicators are characteristic measu that
permit the quantitative appreciation of the desireliability
The maintainability constitutes the totality of teeheduled level.
and unscheduled actions of testing, maintenance repdir The reliability function represents the probabilig at the
with a view to obtaining of safety given level, afwanted considered moment, a device found in given utilization
level of availability and security; conditions to achieve the specific functions arel ghobability
For as in ensemble the operative maintenance ctivibe  as the momenT at which is produced the failure has to be
efficient, the next factors have to be taken insideration still  bigger than the current moment,

M=1-¢g* t<to;

from the first phases of the designing and progress N (t)
improved  according as the project advance: theeria R(t) = N
concerning repairs; the analyses and the maintdityab 0 )8
predictions; the factors specific to the projedcitthffect the Fort=0, R, R(0F 1
maintainability; the human factors that affect the Fort — o, R(e0) =0/Ny =0
maintainability; Where:N () is the devices number found in good stage of
The availability and unavailability indicators atC% in function at tha moment;
function are determined on time basis as: No — the devices number from who were made inititily
T =T, +Tmentprev +T, sample subdued to observation.

_ _ (5)  The reliability function permits:
The calendar time ], at the level of a year is decomposed The appreciation of the trust level in the utilizat of a
in function period (7), preventive maintenance periodsdevice at a certain mometrfrom his life;

(Tmentpre) @nd failure periods (g or corrective maintenance.  The comparison of the reliability level of a de\d@chieved
In these conditions the indicators A and U will bathe by different producers;
expressions: The comparison of the utilization conditions of sm
D= T, 100% gifvices achieved by the same producer, but fountheat
T +T +Td ifferent users.
f ment prev (6) In general reliability is:
Td +Tment rev _t
- p 100% jz(t)dt
Tf +Tmentprev +Td (7) R(t) =e 0 (9)

Iq thi.s. co.nte'xt areal interegt presents the compf the z(t) = const = A R(t) — e—/lt
availability indicators prognosis in the projectagk with the If o

operational availability indicators determined oasis of  The probability as a device that was found in getagje of
exploitation data. The maintainability were negtectiong function att; moment to be in the same stage also at the
time in the process of applicative product reseandtich led momentt;> t;.

at higher prices for settlement, putting into opiera t 4 12 ©
maintenance and repair of the products in the gileeaperiod - J )t _(J) 2ft)dt- [t - [dt)at
and after guarantee period. Rltz)=e © =e 1 =Rfn)re *

The maintainability analysis is based on requirdsien —tjzz(t)dt
identification concerning the operative maintenaaeé on the 4 _R(t2)
technologies and methodologies choice that asshtee t Rtz /ta)=e - R(t;)
satisfaction of these requirements. In such of yaiglare ! (10)
contained the following activities:
» The description of the maintenance activities tafis B. The utilization of the most adequate probabilisticdel
example the preventive maintenance); For the emphasizing of this stage is had in sighnticlear
* The choice of the repairs criteria; TCS the preliminary approaching of the informatiosatropy
 The establishment of the components, subsystems aigdthod combined with economical method of evaluati
systems repairs duration; the operational maintenance in the context of djmarain
» The elaboration of localization methods of theufiah; safety. The optimum management of TCS needs thalation
+ The requirements specification concerning the gitemof a big volume of information of which collectingrocessing
equipments and the devices for repairs; and storage oblige us to the organization of aahihic
» The conditions establishment that have to achigwe tinformational system structured and superposechéob@asis

technical books and spare parts; system.
e The specification of the number and of the personal The nuclear TCS in its ensemble and the component
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subsystems evolve through normal stages and failsta@ges
for each from these stages, could so be affectechfferent
probabilities of success and unsuccessful.

In this meaning will consider that Mepresents the set of

components subsystems of a TCS where:

i=1,2,3,...n and N={S1, S»,...S1} (11)

Issue 4, Volume 1, 2007

z p =1
= 20}

If we consider that the system evolves in two stagee of
function with the probabilityp and another of failure with the
probabilityqg, the system entropy expression will be:

H =—(plog p+qlogq) = -[plogp+ (1~ p)log- p)] (21)

If we note My the subsystems set of which failure of any In the TCS case we are interested to determinerirepy

from the set subsystemsgMthe failure of some from the set

evolution to the probability variation of successod damage

subsystems Mrc has as consequence non-function of some,qer form:

subsystems belonging to the;Met. From here we deduce that

the well function of the whole system TCS depemlfy by
well function of the components subsystems of thg $ét,
meaning that any from systems belonging tg 8t imposes
the function regime to the whole system TCS.

Msk = {81,82,...,Sn} (12)
M si — {Sn+1’ Sn+2""S”+p} (13)
M ssTC — {Su—n+1’ Su—n ""Su} (14)

Let's beE(S), E(S),..., E(S), the events to not function any

from the set subsystemilsstc and E(S) the events non-
functional TCS. In these conditions results:

E(S)=E(S)UE(S)U...UE(S), (15)
respective the event of well function of the systeithbe:

Ce(S)=Ce(S) N Ce(Sp) N ... N C(Sy)  (16)

H = f[p(E)] (22)
The matrix of events fiel&(S) will be by form presented
previous and if we take as basis only the functtages(F)
and damagdgD) with the probabilities associatea and q,
respectivel-q andg, where p is the probability of function and
g is the probability of failure:

[ 70

M =

p 1-p (23)
H =-(1-a)logl-a) +gloga] oy

Where qD[O'l]

To find the maximum point of entropy will derive ieport
g, respective:

aH

dp (25)
and will find that

H =log2 (26)

i 9k) | means the probability to failure any from the and for q=0,5 results fd=1, who represents the point of

failure of each from the,Subsystems is independent, meanin§€ highest point of disorganization of the system.
that the E(§ events are independent results that the From the function graphi¢ti=H(q) is observed that for

probability of well function of the energy systenil\e:
dC:S) NCe(S) n-..nCe(S)] = [aCe(S)
k=L a7)

The entropy expression of the energetic systenedtaay it
was associated the events field with the probadslitof
appearance; vill be:

H ==Y p[H(S)logp[E(S,)] (18)

For a complete field of events with the probalabtip
respective

Zpi =1 H:_pi Iogpi (19)
The matrix of events and of the probabilities agged has
the form:

(El E, E, .. Enj
pl p2 p3 p Wlth
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g>0,5 the entropy increase, but this area don'tresmt
interest from the point of view of the system exjaltion: the

signification of the entropy increasiﬁ'gD [051] will be that
the system is approached more and more sure bgge sin
non-function, so we have a certainty more and nimgger
concerning the system disorganization.

It is constituted that the increasing of the entdpvel is
obtained through the
probability E(S), meaning of failure appearance of any from
the sub set subsystels,.

Consequently the entropy law application to theigiésg
and the exploitation of the nuclear complex techihgystems
can be changed in a choice criterion of the vasiahtving
priority the variants with a lower level of entropy

Of course that this represent only a criterion thiit must
in practice associated to other criteria and fin&dl the total
expenses actualized method who synthesize theeindh
factors totality, but must have in sight that tbigerion put in
evidence the tendencies of input in abnormal stagest

increasing of events appearanc
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oblige us to give it an major importance. The intance of
the “minimum entropy production” criterion appeaftso from
the point of view practice as a result of influertbat have it
the maintenance activities, the training levelhef exploitation
personal, etc.
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Fig. 5. Simulation for historic data of operativaintenance

The TCS systems are characterized in normal waygtr a
information flux cvasiconstant composed
components:

Continuous information, delivered by meters;

Discontinuous information delivered by the failustages
from system with a distribution somehow equableirduthe
year.

Fig. 6. Simulation for Aentropy

Consequently in the cvasinormal regimes of theesyshat
represent in fact the normal situation, the entré{»0. The
extended failures of system or the failures geimzdlat level
of nuclear installation modules are characterizeugh a
specific informational level very high (million dfits/h).

In such situations the entropy tend tgHand this level
must interpreted as a moment of maximum confouramemt
in which appear the logical engineering decisiohdadure
extension liquidation, of reputing into operatiof @ new
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nuclear modules, etc. In the concrete case of indear
systems, even in the situation of a extended fslaf systems
0<0,5 and H<Hax

The proposed fuzzy logic for reliability level pietion of
technical system assessment consists in: achievesngnopy
for considered attribute of operative maintenanoaddion
from historic data (Figure 2), the realization miaug and
simulation for the considered attributes, A, ... As, for
equipments E B, ... Eg and in the second step realization the
fuzzy rule base, fuzzy inference engine, fuzzyf@atand
defuzzyfication like in Figure 9.

It is notes with A the methods for operative maintenance:
Preventive Maintenance (MPv), Corrective MainterafidC)
and Predictive Maintenance (MPd); with , Ahistoric
reliability; with A3 the time for operative maintence; A the
store pare parts and with; Ahe criticity for the equipment; E
withi=1 ...8.

The entropy expression of the nuclear system staggeit
was associated the events field with the probéadslitof

from twdgPpearance;will be:

H ==Y pIH(S)logpE(S,)]

For a complete field of events with the probatsstip

respectiveZ: =1
H =-p logp,

ATTIBLUTE AVERAGE ENTRCOPY MIM 4815 AZ; A3 Adh

0,95

= |
[ = |

[ = ]

Fig. 7. The minimum entropy determined through sation

0,76

The matrix of events and of the probabilities agged has
the form:

E, E, E E, "
Z p =1
P P2 P Y with =1
If we consider that the system evolves in two fagee of
function with the probabilityp and another of failure with the
probabilityq, the system entropy expression will be:
H =-(plog p+qlogq) = -{plog p+ (1~ p)log1 - p)]
In the NCS case we are interested to determinernhepy
evolution to the probability variation of successad critic

damage under fomll_I = f[p(E)].

The matrix of events field E(pwill be by form presented
previous and if we take as basis only the functtages (F)
and damage (D) with the probabilities associatednd q,
respective 1-q and g, where p is the probabilitfuattion and
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g is the probability of failure:

_(F DJ

lp 1-p
H =-{(1-0q)log@d~q) +qlogd] ,;,ere U [01]

To find the maximum point of entropy will derive iaport

d_H = 0
a, respective:dp H =log2

and will find that and for

g=0,5 results H.=1, who represents the point of total

uncertainty, so by maximum entropic activity, respe the
highest point of disorganization of the system.

From the function graphic H=H(q) is observed that
g>0,5 the entropy increase, but this area don'tresmt
interest from the point of view of the system exgaltion: the

signification of the entropy increasiﬁ‘gD [051] will be that
the system is approached more and more sure bgge s
non-function, so we have a certainty more and nimgger
concerning the system disorganization.

It is constituted that the increasing of the enizdpvel is
obtained through the increasing of events appeer

probability E(S), meaning of failure appearance of any fron

the sub set subsystemsgMwvhich mean A for historic
operational maintenance data.

For the emphasizing of this stage is had in sightNCS the
preliminary approaching of the decision trees, eetipe of the
informational entropy method combined with econahi
method of evaluation of the operational maintenainc¢he
context of operation in safety. The optimum manag&nof
NCS needs the circulation of a big volume of infation of
which gathering, processing and storage oblige aughe
organization of a hierarchic informational systetructured
and superposed to the basis system.

It is started from the existent data at tree andoimputed
the medium entropy of the complete data set foh deam 4
attributes.

It is computed the entropy for Al attribute (theebgtive
Maintenance Method) like in figure 6. In the samayvare
computed the entropy for attribute A2, A3 and epyrdor
attribute A4.

In the end step of first stage is determined thainmal
entropy, respective the distribution for the firgariable
inclusive in fuzzy method (consequence of severityhich

variable pertain (0 ...1).
Jooleec )]

a=g [t 27)

m Ngiiror

The fuzzy rule base in the study estimates eadtyskdvel
(SL) in three different aspects using two fuzzyndliistic)
variables, i.e. Probability (P) and consequencesaferity
(CD).

The magnitudes of the linguistic variable of theuhand
output are described in term of words (linguistidues) such
as good (G), allowable (A), just tolerable (JT) andt

Ny

ncil + I’]t:i2

N

ncil + nci2
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permissible (NP) or uncritical (NC), low critic (P,Critic (C),
high critic (FC) and very low (VLo), low (Lo), meadlin (M),
respective high (H).

Functii de apartenenta P Plak 0 |
2 TAIAT/
50,75 WA
i
w05
B n,25 i z P
0
: A RVARY
5 0 .
0,00 2,00 400 6,00 9,00
f
TE
e
l )
Cursors: | X | Y =
B Cursor0 1,66 0,33
ar W Cursorl 1,66 0,7

ii Flak 0 |
c Functii de apartenenta CD
s 1_
(=]
£ o5 ik
T
b ons
i
20,25 7 %
5 g 7 T T |
o0 200 4,00 &,00 9,00
JNC
JPC
I:
Cursors: | X | ¥ |J
B® Cursord 4,83 0,915
A Cursar 1 4,83 0,085

)

Fig. 8. The membership function with LabVIEW softevdor
Likelihood (P) and Consequence of severity JCD

A complete fuzzy rule is written as follow:
“IF (P) is good and (CD) is low critic (PC) THEN.Ss
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"

low”.

Since all rules are initial in crisp form for fuzzyle base
are necessary linguistic values, thus must be @egmto
convert from quantitative (crisp) values of inpwtal sets to
linguistic fuzzy values. This process is calledzfgfication.

After fuzzyfication process it is necessary to fyethe
universe of discourse and membership functions.

Membership function decides the characteristic dfizzy
set and represented with special shapes, heightreemstyles
(Figure 5).

The input parameter will have to quantify the intdr
problems and the existent failures for maintainaiolesidered
technical objective.

Each from input parameters is quantified in 4 teohsP
and CD between 0 and 8 which will be noted withaRd C
and the output of the safety degree (or risk) bélinoted with
SLy.

The membership function will be noted correspondinthe
used parameters wiftP(t), LCD(t) and respectiveuSL(t).

Based on a universe of discourse and membershipidas,
the fuzzy sets can be built like in Figure 8.

C. The quantification of the input data set for safet

The probability value is directly reported to thember of
recordings about the problems appeared
registered and monitoring through vibrations arialysr 30
days from the moment in condition exchange by fiomcivhen
the amplitude of vibration for the equipment coesatl begin
to increase.

So:

quantity_of _reported_ defaults
PT: X

3C

10

(28)

On the other side the consequences because thetyseve
the failure belonging the operational consideredbfam
depend by Pvalue.

CD, = estimation of _the_consequeres_degree+ R,
2 (29)
In this case the values for membership functionfaeinput
P will be # 189) jike in Fig. 8.

D. Fuzzy rule base

After the quantification of the input data the lingtic
values can be determined by membership functioesidthe
membership functions which have been created asd b&
fuzzy rules the possible output of the safety Idvisk) (SL)
can be found in fuzzy rules base (Fig. 6). Foredéht pairs of
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0,33 and 0,7 andql(4,8), determined two values 0,085 and
0,915.
It will be applied the operator AND which will seke

probabilitate defeckare P
i1 .
g5 | g P
- 1,6BEET .
zile calendaristice
.
o ::I 30
criticitate 0
o C
Js  F
’:I 4,83333 D
’_::I z

Fig. 9. The quantification of data input for opévatl problem

minimum of these two values as consequence. Thigiagmpf
the fuzzy operator give results like those showrrigure 10
for each rule involved in the evaluation process.
The implications methods are implemented for eath r
The membership value given by fuzzy operator AME) (n
previous stage become membership value for theubofthe
consequences level of the failures {5L

in operationThe outputs of the rules are combined in only arzzy set.

In this stage all four rules are combined in onlyeo
membership set for SL
It is used the maximum method.

o | ot
RLLE Mermbership

SL1 o1

1 [alf] ".-) 0,035
SLE 02

7 medium :-) 0,33
a3 8%

3 low J 0,085
a4 04

4 I :J a7

Fig. 10. The outputs values of the membership fanstand
linguistic values of the SL

The maximum of the value for the rule 1, 3 and 4his

input data will be found different outputs for dafeevels from  value 0,7 and for rule 2 is 0,33.

same base of rules.
From Figure 5 is observe the fuzzy inference predes
operational problem i.e. that(1,66), determined two values
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Through defuzzyification for the set of values @y 0,33
is obtained an only value (output) for-SL
It is used the method of weight centre in the daffization
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process where the mathematical formula is:
o = 2w

W

D, the defuzzyfication centre of the singular valagsp) of
output which represents $in this case;

X;: the value of the weight centre of the linguistidue (i);

W,: the membership value of the fuzzy values set (i).

(30)

%l

o

xe
s

\wE
Ethaa

3,64075

o 2 4 6 &8 10
Centroid defuzzification

1wl

o,z

Fig. 11. Center of Gravity (crisp value)

At completion the defuzzyfication process it is riduan
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The quality programs represents an ensemble ofatatis,
principles, procedures that settle on a quantifiedis and
strictly legislated the relationship between designsuppliers,
beneficiaries leading to the followed purposed amtenance
integrated on the life cycle of TCS scientific sialngiated.

Using the reliability prediction the decision fomimtenance
can give an very good answer for the maintenaneeepitive
measures.

As result of the prediction can be considered duatian
method of the measures which will be taken durifegdycle
of the considered installation.

Using presented method, respective with a LabVIEW
software support and a adequate hardware is rdalizénal
the reliability of the considered plant assuring fact a
dynamical quality in keeping with of the evolutiaf the
monitoring variable for diagnosis through vibrason
corresponding behavior of the equipment considered.
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