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Abstract

The application of electronic elements introducesimber of advantages as well as disadvantagespaper
deals with advanced method of dependability - bdltsg analysis procedure of a highly reliable itefhe data

on manufacturing and operating of a few hundredighads pieces of the highly reliable devices aafiae

and from the statistical point of view they areyanportant collection/set. However, concerning egoeces

of the items the manufacturing procedure of thens wat made, controlled and checked accurately. The
procedure described in the paper is based on tbeuph data analysis aiming at the operation and
manufacturing of these electronic elements. As data sets collected are statistically non-cohetbat
objective of the paper is to make a statisticaésssient and evaluation of the results. Failures redaéeulations
and their relation comparability regarding the bedts are presented in the paper.

1. Introduction detected only by accident and that was after some
time. However, most of the items manufactured this

.A?W.e know from previous publications th? ltem s way have been mounted in systems and they have
initialised by start power. We have also dlscoveredbeen in operation. In the paper we are going to
from the previous publications that the reliability address reliability assessment of a highly reliable

assessment of the items may highlight SOME, |actronic item.

mathematical non-coherence. The data sets which arlg| this paper the evaluated application of religpil

available hgve d_n‘ferent digits ““"Fber thereforemh data analysis techniques - procedure for comparison
comparability might be problematic. That is why the of two constant failure rates is perceived of amit

measures_—_fanure_ rates calcu_l:_:\teq must be teSte[Sjroduced for systems” specific use/utilizationmlie
befor_e clalmlng_th_elr comparabll!ty_ In terms of the implemented in a system in order to control one of
functional description — characteristic of the iteii the step functions of the system.

EH? ternp]slused Iar? Itr'] accr(])rdarl;ce with tr:je [1f]' h Based on the assumptions and the calculation which
€ whole calcuialion has been made Irom WM&, e peen made before, the reliability measure

reason 'ghat unfortun'ately npn-intentional CauSes alues for correctly and incorrectly programmed

resulted in non-compllance with the manufactgrmgitems were found. These values were calculated at
process durln_g developmer_1t and _manufactur_lng 3he required confidence level. By comparing these
new item. While manufacturing the item a relatively values we were able to determine whether the error

minor shortenlng of program protqcol t.OOK plac'e, affects the item reliability during a manufacturing
thereby shortening the initialisation time. This process

situation resulted in the production of many of However, concerning the field data we face a

!”.‘;.Orlfec:!y t'manufacttrj]re? gek:nsth where rtmeEPe theoretical problem. The data set is apparently
initiafisation imeé was shortened by the progra different concerning a digit place in terms of the

non-compliance with the manufacturing process was
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operation time of the item sets. It means thatwhere v, =2(;+ 1);

correctly manufactured items obviously operateafor

shorter time than the ones manufactured incorrectly v, = 2,

This situation can affect a calculation proceduse a

well as a comparison of the results. Taking intoNext we use the decision criteria given in theeabl
account this situation it is necessary to testfigle of the IEC 61650 stating thatfit>f., thenw; < w, or
data using the statistical test which is supposed tjf f<f. thenw; =w,). Generally the recommended
prove their comparability. The results of the @&t . nfidence level for calculation i, = 5% or 10%
mentioned in the second paper named “Statlstlc%hich corresponds with (L ag) — fractiles, that is

comparing of reliability of two sets of highly rable g g5 _ ractiles or 0,90 — fractiles Bf distribution.
items”. For more details see e.g. [6]. ' ’

L . N The calculation:
2. Application of the first selected reliability The calculation has been intentionally modified due

analysis — a comparison technique to the industrial secret and due to not providing t

In this case when taking into account two sets ofsensitive data about the product. The confidence
objects we have to consider reliability measureslevel was stated at 95%.
where there is a presumption that the sets can be _ _ _ .
different. Time to failure is for both sets indegent The mean time to failure is calculated according to
and fulfils the presumption of exponential the (1)
distribution. For more details see [2], [4] or [5]. _ _
a) for incorrectly manufactured items:
It is necessary to introduce other important refesi
which are essential for next steps. Because it is a _2T™'® 2230995532h
case of non-repaired items, we can assume that: Merc = xi, 68648
. . . ay !

- accumulated operation/test time is calculated as '

a sum of times to failure;

- all the objects belong to the same original set. _ 461991064h 06.73.16h
FIC ) :
68,648
In order to use the comparison procedures the
following data are required: where:
- an observed number of valid failuresar; in - accumulated operation time of all wrongly
two observing periods — it is fulfilled; manufactured items according to the assumption
- accumulated valid test time§”~ in these two given in [4], chapter 4, article 4, and according t

periods — it is fulfilled: the formula is

- the confidence level should be stated/chosen if )
required; T® =>'t," =230 995 532 h;
t=i
All the information is available and it is possitite
continue working with it. - a number of the degrees of freedom according to
_ _ the formula (2) iy = 27 + 1= 2.25 + 1 = 51;
Following the [4] we choose the accurate calcutetio . the chi-square for 51 degrees of freedom and the
of two constant failure rates comparison usig confidence levelr = 95% is 68,648.
distribution. We calculateusing the equation (1).

b) for correctly manufactured items

_ r.2 TID
R ;| (1) Fic
n+l T, 2T _ 256864717h
| . Mee™e T T8
For the chosen confidence level we get fth@ither '
for 1 -0, = 0,90 or for 1 @y = 0,95) from the tables _ 113729434h

of F — distribution stated in the appendix A of the Mee=———— [1,46. 10 h
document [3]. 78

fo = Frg(Vv2) ()  Where: o
0 - accumulated operation time of all wrongly

manufactured items according to the assumption
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given in chapter 4, article 4, and according to theboth two-parametric function A(zp)=

formula isT® = Zn:tic = 56 864 717 h: =exp(5, + £z) and covariate. -
= Let's assume that théis the Weibull probability

- a number of the degrees of freedom according tdlensity function
the formulae (2) is=2°+1=2.1+1=3;

- the chi-square for 3 degrees of freedom and the Aat“LexpEAt?) fort=0
confidence levebr = 95% is 7,8. f(t)= {0 everywhere else (3)
The calculation of théaccording to the formula (1) where:
r, ' _ 1 230995532 =H—1a>0,a>0 are  Weibull distribution

T+l T) 25+1 56864717
parameters 4 . scale parameter,a . shape

parameter).
The Weibull reliability function is defined as
follows:

f = 0,156

Next, the calculation of thd, according to the

formula (2) RO _{exp(—)lt”) fort>0 "
fo = Fog V1V, )= 19,476 1 everywhere else
where vy = 2(; + 1) = 2(25+1) = 52 We assume that parameter is function of time for

our application
Vo, =2r,=2
S Mz B)=exp(B, + Bi2),
As the calculation introduced above and using this _
approach shows thatf<f. Based onto the Where B=(4,,5) is a vector of unknown

assumption of the-distribution approach we can parameters andis variable (so called covariate)
state that the failure rates of the basic sgts w,, so reaching two values in our case:

they are constant. z = 0 for first type of sample (items of the F_type)

z =1 for second type of sample (items of the C_}Yype
3. Second method proposed — using the The probability density function might be stated in
Weibull approach the following form than:

Following approach is based onto Weibull regress £t 8,2)

model where the scale parameter is modelled using .\ ot . B Tor 120 (5)
both two-parametric function and covariate. :{eXp(ﬂO Ba)at" " exp(f, + [zt for t =
We have to consider a random sample 0 everywhere else
(X, ,d.,z),i=1...n, The reliability function can be expressed in
P following way:
where: .
X, is time to failure, or time of censoring; R(t: B.7) :{exp(—exp(ﬁo + B2t fort=0 (6)
d, censoring indicator d, = 1if X, is time to 1 everywhere else

failure ord, = Oif X, is time of censoring) We use the method of maximal plausibility for

zZ is variable (so called covariate) having values: unknown parameters estimationr,# in this

z = 0, if X; is time for item ofF_type regression model
z =1, if X; is time for item ofC_type Plausibility function is defined in the followingfm
than:

Objective of the analysis is to state whether the
difference in the technical life of the both typefs _ N . " _ 1
items is significant from the statistical pointviéw. L(y,a.,B) = Dl(f (vi: 8:2)" (R(y;; 8,2)
The answer might be based onto the Weibull regress
model where the scale parameter is modelled using
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The function will be expressed in following way % (y:a, B) n
after taking the logarithm of the function and —”:—Zlyi exp@y; + B, + Biz)

regarding to the expressions of (5) and (6): 0403, =
n 2 - n

I(y;a,B)=dIna+3d (@-Dy, +B,+Bz) - ONYaB) - 35y explay, + B, + Biz,)
= 0aop, i=1

_iZ::leXp(ayi +Ly+5,2)

And finally we can also determine the standard
where deviations of our estimations for (7). We get & th
end

y, =Int, andd =) "d,
i=1

o(4) = 0,2369 0(f3,) =1,571Q 0(3,) =1,0075(8)

To find the maximally plausible estimation of the Now it is remarkable that the claim of un-existence

partial differential equations. The system has YPeS reliability (item_F, item_C) might be contt

presumably following form: to hypothesis test:

: o o Ho: B8, =0xH,: 3, %20
W:%-'-Ediyi—glyi exp@y; +5, +f,z)=0 o s
(zero hypothesis equals to the goodness of fit).
A(y:a.f) _4_2 A s o The test statistic has the value of 3,856 if we aise
T B, Lexp@y, +fo+ £iz,) = statistical test based onto Neymann-Pearson lemma
(Wald’s test might be also used as an alternatiite b
A(y.a,B) o n it goes to the same results). Such test is a chlssi
————==xdz - Xz exp@y, + B, +5z)=0 statistical test based onto plausibility ratio -
9B, = = likelihood ratio test. Its test statistics has the

We get following estimations of the parametersfono_wing form II_R(,BI).=2[.I(y;,81)—I(y;O)J and the
applying the numerical calculation of above X{ is asymptotically distributed. The valugy:;....)

mentioned equations: is value of logarithm plausibility function. The
Wald'’s test is in our case based onto following tes
& =1,28013, =-17,880Q 3, = -1,9785 7 3)2
12801/, 0f=-1 % statistics ~2)_ which has also asymptotic
var(s,)

Consequently we get the so called “information | .= )
matrix” while conducting the second partial distribution of they; .

derivation of the plausible function logarithm: The result got by the Neymann-Pearson lemma
calculated on the confidence level 0,05 leads to

(y;a, B d o, rejection of theH, hypothesis. Therefore we can
oa?  a? ~ Ly exply + S+ Aiz) claim that the statistical difference between hiteth
types is significant.
21 (\/- n
w ==X exp@y, + 5, + 5z) 4. Risk analysis resulting from the failure
05, =1 occurrence — fuzzy approach

) The description of the item behaviour presented
oly:a.p) ___ iZ? expay, + B, + 5,z.) above indicates some possible situations. Such item
037 7 ' o behaviour might cause a failure occurrence with all
possible consequences. We need to assess both the
22 (y.a, ) n potential of such situation occurrence and the
———L ==Yz expay, + L, + £,z) consequences. Risk assessment is on of suitaliée too
05,08, i=1 which might be used for this purpose.
In this phase of observing and assessing the abject
we are talking about possibilities of risk
characteristics assessment. Since we know the item
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failure probability can be stated using the appneac Safety -Dy,

above. Than we need to assess the consequencesRéEcovery-related costds.

the failure occurrence which is next fragment skri For every of these criteria we created an ascending
(as stated in the usual form). The detectionscale of coefficients to enable to assess a sesss
possibility is also about to be stated but isof possible effects of failure related to the indual
recommended to use the approaches mentioned icriteria. The scale is determined by a Isatith four
standards (e.g. [2]). elements{1;2;3;4}, while a value of coefficient of
Total risk number might be calculated either by individual effect of failure in relation to seledte
common approaches or by another, non-traditional criteria is denotedD;, where i(0<1,2,3>. The
soft, method. One of such method might be alsoprinciple is that with an increasing value of
fuzzy logic. coefficient increases also a severity of effectedeh
Let us assume that any technical object in anyamst values serve as the basis to express a severity of
of time can occur in any operational state failure effectD. Scales of severity criteria are in the
(operational condition, failure state or partially Table 1—Table 3

failure state — functionality is limited, but naftst). A The resulting coefficienD is at the same time a
transfer between these states is subject to stichas coefficient of seriousness of a given object and a
laws. As suitable means to depict transfers betweerelation expresses it:

individual operational states is use a theory of

Markov processes. However, we shall not deal witha D= D,;.D,.Ds; Dpin= 1,Dmax= 64. 9)
description of transfers between individual

operational states. A greater attention will bedgai  To construct a fuzzy sub-set, a “fuzzification of
mathematical modelling of effects related to avalues” is used. Actual observed values of physical
transfer between individual states. values are bounded and are expressed by means of
As transfers between states are connected with geal numbers. Therefore as a universum of fuzzy
number of effects, it is very important to dealtwit numbers that represent vague concepts relatedawith
them in more detail. The most important and fromclassification of failure effects, a suitable cldse
the respect of the function of the object alsorttust  interval for every of them will be sufficient. Weillw
critical is a transfer from an operational stat® ia reach single classes of failure effects (seriousnes
fault (using hardware approach). This transfer carndividing the resulting coefficier into suitable sub-
result in the worst effects. However, it will depgen intervals (see above). For practical use and geaphi
what is the mechanism of a transfer. If a transfer representation a trapezoidal fuzzy number is slgtab
caused by a scheduled downtime of the objeciee Figure 1, where i expresses a function of

because of thepreventive maintenance, it is applicability andx obtained fuzzy number.
unpleasant matter, but better than if, for examale,

transfer caused by an unexpected failure
with devastating results.

To evaluate severity of effects of failures of teicial
objects, we decided to use fuzzy set theory $&jce
this theory uses vague terms that already appear im
classification of severity of failure effects, then
decision on acceptability of failure and determiprat

on the importance of the object on which the failur
appeared. Simultaneously, it is possible using this
theory to assign numerical value to the studied® a b c d
circumstance and thus we consider it suitable.
Through this theory it is also possible to include
severities of failure effect® of single objects into a
fuzzy set Here, we shall assume that single fuzzy
sub-sets consist of coefficients of failure effect
severity. Based on the seriousness of these eftects
will be later determined to what level are the give
groups indispensable. To classify tfalure effect
criticality in relation to the inherent availabylitof
technical object whave selected the following three
criteria of influence on:

Function -D;,

UA

v

x

Figure 1.Example of fuzzy trapezoidal number
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Table 1.Categorization of failures from the
viewpoint of effects on the system functionality

Table 3. Categorization of failures from the
viewpoint of repair cista

Definition

Coefficient
of
significance
D,

Even after a failure, a system
capable to fulfil all require
functions.

A failure partially limits an ability
of the system to perform aqeired]
function, but the crew can co
with the impacts.

A failure significantly limits af
ability of the system to perfor
some of required functions and
crew is not capable cope with f{
impacts of failre with its owr
force.

A failure prevents a system to fil
the required functions.

Table 2 Categorization of failures from the

viewpoint of safety of the system

losses of property.

Definition Coefficient
of
significance
D,

A failure has no effect on a saf

of the system, crew a] 1
environment.

A failure resllts in a lowering o

safety of the system, crew & 2
environment.

A failure causes a situation wh

the system is dangerous for 3
system, crew and environment.

A failure results in a direct threat

health and lives of people or gr 4
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Definition Coeficient of

significance
D3

Removal of failure effects does 1

require costs higher than 0.1 % 1

the system purchase costs.

Removal of failure effects does n

require costs higher than 1 % of 2

system purchase costs.

Removal of failure effects does 1

require costs higher than 10 % 3

the system purchase costs.

Removal of failure effects cuiires

costs higher than 10 #@f the systen 4

purchase costs.

To determine the actual functions of applicabifily
fuzzified value of selected value it is enough to
identify in what interval this value usually occurs
This interval is then a core of found fuzzy number
and we denote itb,0. For a demonstrated example,
this core is always expressed by limit values of
individual coefficients of significance of failures
Further, it is determined what values a variable
certainly does not assume. A set of these values we
assume to be expressed as;4) O (d;»o), while a<

b < c<d. Then an intervala;d is a support-set ,A”

of found fuzzy number.

A function of applicability of found fuzzy number
into a set ,,A” we express as follows:

Ha(X) = ma{min(g;a, x-d ,1},0}

-a c—-d
For another procedure, it is necessary to determine
individual fuzzy sets and based on them perform
final categorization of failure effects. For this
purpose, a four-level categorization of the failure
effects recommended in many international
standards, is used:

(10)

Minor: assigned fuzzy sét;4);
Major: assigned fuzzy s&;16);
Critical:  assigned fuzzy sét8;36)

Catastrophic: assigned fuzzy $48;64.

Figure 2. graphically represents an applicability of
severity of effects of individual failures into e
sets.
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Function of method assumes that an assessment of the effects of
applicability failures of individual subsystems will be done in a
) INOR described way, at first without the vetronics

L components and then with the vetronics components.

Based on a comparison of results of both analytses i
MAJORY CRITICAL £ ATASTRO- can be assessed whether, and in what extent,
PHIC vetronics can influence a dependability of the
n . f\, - w T system. Finally, this method also enables to assess
0146 10 16182C 30 36 40 4850 6064 and to state the importance level of the individual
Coefficient of significanc® components and subsystems from the viewpoint of

capability of the system to perform required
functions. It also provides to involve other crideof
evaluation such as for example security robustaoess
corrective maintenance costs.

Figure 2.Graphical model of fuzzy sets for
evaluation of severity of failure effects

A failure occurrence might have various
consequences. Speaking about the consequences
impacts in our case of the highly reliable elediron cknowledgements
item implemented inside a complex system.This paper was supported by the GA Czech Republic
Therefore the precise and adequate failure profie  project number 101/08/P020 ,Contribution to Risk
to be determined in the risk analysis. The procesiur Analysis of Technical Sets and Equipment”, and by
described above might serve to express the tatlal ri the Ministry of Education, Czech Republic project
number consisting from the well known form: number 1MO06047 ,The Centre for Production
Quality and Dependability“.
R=PxC (11)
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