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VYZNAM A FUNKCIA UROVNE INFORMACII 0 SPOAHLIVOSTI

DOPRAVNYCH PROSTRIEDKOV

THE IMPORTANCE AND ESSENTIAL FUNCTION OF THE LEVEL OF INFORMATION
ABOUT RELIABILITY OF MEANS OF TRANSPORT

Vzrastajiice poziadavky na prevadzkovii spolahlivost dopravnych
prostriedkov vyZaduji interdisciplindrny postup.

Teoretické odhady spolahlivosti zdvisia od hlbky informdcii,
najmd od zdkonitosti kumuldcie poskodenia pri zloZitych previdzko-
vch namdhaniach. Na zdklade kvality vstupnych informdcii o pre-
vadzkovej spolahlivosti dopravnych prostriedkov, je mozné teoretické
tvahy o spolahlivosti aplikacne vyuzivat' v optimalizdcii technologic-
kého procesu prepravy.

1. Uvod do problematiky

Spolahlivost je suhrnny nazov pre jednu z najdolezitejSich
skupin znakov kvality, vyjadrujucich schopnost vyrobkov plnit
pozadované funkcie pocas predpisanej doby a v predpisanych pre-
vadzkovych podmienkach.

Spolahlivost dopravného prostriedku opisuje nielen jeho jed-
norazovu schopnost vyhoviet urcenym poziadavkam, ale vyjadruje
aj schopnost tieto poziadavky dlhodobo plnit v zavislosti od casu
prevadzky. Plati, Ze na spolahlivost akéhokolvek vyrobku, teda aj
dopravného prostriedku, musime vzdy pozerat z pohladu uzivatela.
Z uzivatelského hladiska je spolahlivost vnimana predovSetkym
ako suhrn integralne posobiacich vlastnosti danych parametrami
urcenia (vykonnost, funkc¢nost, hospodarnost a pod.), paramet-
rami spolahlivosti (Zivotnost, bezporuchovost, udrziavatelnost,
opravitelnost a pod.), pripadne dalSimi vlastnostami.

Zabezpecit vSestranne spolahlivii prevadzku dopravného pro-
striedku je mozné predovsetkym:
« vysokou inherentnou spolahlivostou
« diagnostikovatelnostou poruch
« udrziavatel'nostou a opravitel nostou
» vypracovanymi dokonalymi informa¢nymi syst¢émami a infor-
maciami o poruchach

V praxi sa méZeme stretnut s r6zne chapanou pravnou zodpo-
vednostou za dosledky nespolahlivosti dopravnych prostriedkov
z pohladu uZivatela. M6Zeme preto zhrnut:
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Increasing requirements on the operation reliability of means of
transport require interdisciplinary approach.

Theoretical estimations of reliability depend on the quality of
information, mostly on the law of damage cumulation in the case of
complicated operation strain. On the basis of the quality of the entry
information about the operation reliability of means of transport, it is
possible to use the theoretical considerations about reliability in the
optimisation of the technological process of transportation.

1. Introduction

The term of “reliability” names one of the most important
groups of quality attributes conveying the ability of products to
fulfil required functions at a given time and under specified con-
ditions of operation.

Reliability of a means of transport does not describe only its
single ability to meet defined demands, but it also conveys its long-
term ability to fulfil these demands depending on the time of ope-
ration. We have to look at the reliability of any product, including
a means of transport, from the user’s point of view. From this point
of view, reliability is mostly considered a complex of the integrally
acting attributes that are given by the parameters of their deter-
mination (performance, function, economy, etc.) and by the para-
meters of reliability (service life, no-failure operation, maintain-
ability, reparability, or by other parameters, if there are any.

Provision of the versatile reliable operation of a means of
transport can be achieved by:
« high inherent reliability
« ability to diagnose failures
« maintainability and reparability
« perfect information systems and perfect information about
failures.

In practice, the legal responsibility for consequences of unre-
liability of means of etc.),transport from the user’s point of view
is diverse in understanding. Therefore, we may conclude:
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« spolahlivost (podla STN 010102) vyvolava u uzivatela (doprav-
cu) dojem, Ze dopravny prostriedok zrealizuje prepravné ulohy
v dohodnutych podmienkach a v urCenom case. Z toho je jasné,
Ze doprava je dej nevratny.

« bezporuchovost uzivatel' chape, Ze dopravny prostriedok plni
bez poruchy pozadované ulohy v uréenych prevadzkovych pod-
mienkach.

« opravite[nost uzivatel' chape, ako vlastnost dopravného pro-
striedku v pripade vzniku poruchy moznost nenaro¢ného zistenia
pri€iny a miesta poruchy (diagnostikovatelnost) a jej odstrane-
nia opravou.

Z vyssie uvedeného vyplyva, ze spolahlivost je chapana tak,
Ze dopravny prostriedok zrealizuje ulohu v ziadanom Case a v urce-
nych podmienkach a Ze v Case realizacie sa nevyskytne porucha,
alebo ak sa vyskytne, je mozné ju rychlo odstranit, takze to nebude
mat vyrazne negativny dosledok na vysledny efekt prepravne;j ¢in-
nosti.

V prevadzke dopravného prostriedku vyznamne plati ,just in
time® teda snahou je prevadzkovat dopravny prostriedok so Ziad-
nymi resp. minimalnymi poruchami. Nachadzame sa teda v oblasti
definovania bezporuchovosti resp. jej zvySovania. Z celého tech-
nologického procesu prevadzky dopravného prostriedku nemozeme
vylucit oblast diagnostikovania (opravitelnosti), pretoZe vCasné
a spravne predikovanie moznosti vzniku poruchy este neznamena
nedokoncCenie prepravnej ¢innosti, ale moze naopak zvysit uroven
pravdepodobnosti dokoncenia technologického procesu prepravy.

2. Opis modelu prevadzkovej situacie.

Pripad, ze diagnostika technického stavu dopravného pro-
striedku moze zvySovat hodnoty pravdepodobnosti splnenia tech-
nologického procesu prepravy je mozné interpretovat na jedno-
duchom modeli situacii v prevadzke:

1. Pozname Cas na realizaciu technologického procesu prepravy
dopravnym prostriedkom T, kde T, = (0; ;). UvaZujeme, Ze
Cas je staly, nemeni sa.

2. Pozname ¢as nevyhnutny na realizaciu technologického procesu
prepravy T,, kde T, = (0; ¢,), uvaZujeme, Ze Cas Tr je tiez staly
anemennyaze T, =T,.

3. Dopravny prostriedok podlicha nahodnému vyskytu portch
s hustotou pravdepodobnosti f{¢), pricom

1
) = A@) cexp (— fo A1) dn), (D
kde A(?) - intenzita prudu.
4. Technicky stav dopravného prostriedku je v priebehu realiza-
cie technologického procesu prepravy sledovany. V pripade
poruchy je tato odstranena a preprava zrealizovana.

5. Casova rezerva umoziujuca pripadnu diagnostiku a odstrane-
nie poruchy je:

AT=T,-T,

« For a user (a carrier), the reliability (by STN 010102) creates
the impression that a means of transport will comply transport
demands meeting the defined conditions and the time limits. It
is therefore clear that transport is an irreversible action.

« For a user, no-failure operation means that a means of transport
fulfils required tasks without a failure and under defined condi-
tions of operation.

« For a user, reparability is a property of a means of transport
which means that in case of failure it is possible to find the cause
and the location of the failure (the ability to diagnose a failure)
and to remove it.

From what has been mentioned above it follows that reliabi-
lity means that a means of transport will carry out its task in
a required time and under specified conditions, without a failure,
and in case there will be a failure, it will be possible to remove it
quickly so that it will not have a distinctly negative consequence
on the finite effect of transportation.

The rule of “just in time” applies to the operation of a means
of transport. That means that there is an effort to operate the
means of transport with no or minimum failure. Now, this is an
area of how to define a no-failure operation and its improvement.
The area of ability to diagnose a failure (reparability) cannot be
excluded from the whole technological process of operation of
a means of transport as an early and correct prediction of the pos-
sible appearance of a failure does not necessarily mean abortion
of the transportation. On the contrary, it can raise the probability
of the completion of the technological process of transportation.

2. Description of the model of a situation of operation.

The case of the possibility of raising the probability of the
completion of the technological process of transportation by the
diagnostics of technical conditions may be represented by a simple
model of situations in operation:

1. We know the time for the implementation of the technolo-
gical process of transportation by a means of transport 7,
where T, = (0; ;). We consider time constant.

2. We know the time needed for the implementation of the
technological process of transportation 7,, where 7, = (0; ¢,),
the time Tr is also constant and 7, = T,.

3. The means of transport is liable to the random occurrence of
failures with probability density f{¢), where

A =A@ cexp (= fot)‘(z) dn, (D
where: A(?) - current intensity

4. During the implementation of the technological process of
transportation the technical condition of the means of tran-
sport is observed. In case of failure, the failure is removed and
the transportation is implemented.

5. The time reserve which allows possible diagnostics and failure
elimination is:

AT=T,—T,
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6. Maximalny pripustny pocet diagnosticko-napravnych tikonov
s ohladom na dant casovu rezervu AT je ,n“.

7. Kazda porucha prerusuje technologicky proces prepravy a ohro-
zuje uspesny vysledok prepravy.

8. pravdepodobnost dopravného prostriedku plnif prepravnu
ulohu v ¢ase ¢, teda T, = (0; ) vplyva na znamy vztah:

R(T) = jt“’/(z) dr. )

Pripad 1
Casova rezerva AT je taka mala, Ze n = 0. Dopravny prostrie-
dok méze zrealizovat prepravnu ulohu iba vtedy, ak st splnené
tieto dve podmienky:
1. dopravny prostriedok je v Case zaCiatku prepravnej tlohy pre-
vadzkyschopny (bez poruchy),
2. technologicky proces prepravy zrealizuje bez poskodenia (bez
poruchy).

Ak oznacime: R,y = R, - pravdepodobnost bezporuchového
stavu dopravného prostriedku v ¢ase ¢t = 0, R(7,) - pravdepodob-
nost bezporuchového stavu dopravného prostriedku v intervale
(0; 7,), pricom ¢, - je Cas uskutoc¢nenia prepravnej ulohy

Pravdepodobnost zrealizovania prepravnej tlohy v tomto
pripade vyjadruje zapis:

P(T)=P/=R,, -R(T) =R, -f’f,,(z) dt, 3)

kde: f,(¢) - hustota pravdepodobnosti v intervale (0; z,),

P; - pravdepodobnost zrealizovania technologického pro-
cesu prepravy, ked dopravny prostriedok v ¢ase 1 = 0
je bez poruchy a v priebehu prepravy sa porucha nevy-
skytne.

Pripad 2

Casova rezerva AT je taka, ze n = 1. Dopravny prostriedok
vykona ulohu iba vtedy, ak bude splnena niektora z tychto troch
podmienok:

a) dopravny prostriedok je bez poruchy v ¢ase t = 0 a ostane bez
poruchy pocas realizdcie procesu prepravy 7,,

b) dopravny prostriedok je bez poruchy v ase = 0 a ostane bez
poruchy pocas realizacie procesu prepravy sa vyskytne jedna
porucha, ktora vsak bude odstranena v Case kratSom ako
AT a po odstraneni bude dopravny prostriedok pokracovat
v technologickom procese prepravy,

c) dopravny prostriedok je v poruche v ¢ase ¢ = 0. Tato porucha
sa odstraneni v ¢ase kratSom ako AT a po odstraneni bude
dopravny prostriedok pokracovaf v technologickom procese

prepravy.

Pravdepodobnost realizacie technologického procesu prepravy
sa rovna poctu pravdepodobnosti uvedenych troch pripadov:

P(T)=P;+ P+ P} 4
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6. The maximum allowable number of diagnostic-corrective ope-
rations with respect to the given time reserve AT is “n”.

7. Every failure interrupts the technological process of transport-
ation and endangers successful result of transportation.

8. The probability of fulfilling the transportation task by the
means of transport in time ¢, that is T, = (0; ¢,), influences

the known formula:

R(T) = thf(t) di )

Case 1
The time reserve AT is so small, that » = 0. A means of
transport can implement the transportation task only if these two
conditions are met:
1) In the time of the beginning of the transportation task, the
means of transport is able to perform transportation (without
a failure),
2) It will perform the technological process without any damage
(without a failure).

If we denote: R, = R, - probability of failure-free state of the
means of transport in time ¢ = 0, R(7,) - probability of failure-
free state of the means of transport during the interval of (0; ¢,),
when: 7, - is time of implementation of the transportation task

In this case, the probability of the implementation of the
technological process is expressed by the following formula:

P(T)=P/=R,, -R(T) =R, -Jtmfu(z) - d, 3)

where: f(f) - probability density in the interval of (0 ; tr),
P - probability of the implementation of the technolo-
gical process of transportation, when, in time z = 0,
the means of transport is without a failure and no
failure occurs during the transportation.

Case 2
The time reserve ATis when n = 1. A means of transport will
perform its task only if one of these three conditions is met:

a) In time r = 0, a means of transport is without a failure and
will remain without a failure during the implementation of the
process of transportation 7,

b) Intime s = 0, a means of transport is without a failure but one
failure will occur during the time of the implementation of the
process of transportation. However, this failure will be removed
in time shorter than AT and the means of transport will conti-
nue in the technological process of transportation afterwards,

c) Intime ¢t = 0, a means of transport has a failure. This failure
will be removed in time shorter than AT, and the means of
transport will continue in the technological process of trans-
portation afterwards.

The probability of the implementation of the technological
process of transportation is equal to the sum of probabilities of

the following cases:

P(T) =P;+P{+ P} 4
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Pravdepodobnost P, je dana vztahom [5]. Pravdepodobnost
P/ je dana:
r Iy ©
P{=R, Ry, [ £ [ A0)-di-dy, 5)
0 tr—x1
kde: R - pravdepodobnost pozitivneho vysledku, kedy sa jedna
vyskytujica porucha odstrani v ¢ase kratSom ako AT,
X - Cas prvej poruchy dopravného prostriedku

f1(x,) - hustota poruch v ¢asovom intervale (0; x,)
£(t) - hustota poruch v €asovom intervale (x; o)

x1+y

Treti ¢len rovnice P{V je dany vyrazom:

PU'=(1=R) " Ras, ftw Jo0) - dt (6)

Vysledna pravdepodobnost realizacie technologického procesu
prepravy ma potom tvar:

PAT) =R A[ fo) e + Ry fo’ e [

—X

kde: P - pravdepodobnost realizacie prepravnej ulohy v Case
t = 0, na zaciatku je dopravny prostriedok bez poruchy
a v Case realizacie je pripustna jedna porucha
P{v - pravdepodobnost realizacie prepravnej tlohy, ked v Case
t = 0, je dopravny prostriedok v poruche, ale je moz-
nost odstranenia poruchy.

Pripad 3

Casova rezerva AT umoziuje N odstraneni portch (oprav),
teda n = N. Dopravny prostriedok zrealizuje prepravnu ulohu iba
vtedy, ak sa vyskytne niektory z 2N + 1 pripadov:

a) dopravny prostriedok je v ¢ase 1 = 0 bez poruchy a v tomto
stave ostane po cely Cas realizacie prepravnej tlohy (7))

b) dopravny prostriedok je bez poruchy v Case t = 0 a v Case reali-
zacie prepravnej ulohy (7)) sa vyskytne jedna alebo az N
poruch, ktoré sa odstrania jednou resp. az N opravami.
Odstranenie poruch sa musi realizovat v casovej rezerve AT.
Po vykonani oprav dopravny prostriedok pokracuje v realiza-
cii prepravnej ulohy.

¢) dopravny prostriedok je v ¢ase t = 0 v poruchovom stave, tato
sa odstrani a pokracCuje proces prepravy. V Case realizacie pre-
pravy sa vyskytne jedna alebo az N — 1 poruch, ktora je vzdy
nasledne odstranena, avSak v Casovej rezerve AT. Po oprave
dopravny prostriedok pokracuje v realizacii prepravnej ulohy.

Pravdepodobnost realizacie prepravnej tlohy je v tomto pri-
pade suctom pravdepodobnosti jednotlivych moznosti:

PW(T¥) =Pr+ P+ Py+ ..+ Py+ P+ P+ ..+ Py (8)

The probability P, is given by the formula [5]. The probability
P/ is given by:

r 1, 00
PP=R, Ry [T+ |7 1) di o, ®)

where: R, ., - probability of a positive result when one failure is
removed in time shorter than AT
x, - time of the first failure of the means of transport
f1(x,) - frequency of failures in the time period of (0; x,)
£(t) - frequency of failures in the time period of (x; )

The third term of P{V equation is given by the following
expression:

P¥=(1-R,) RIJ“’ OR 6)

Hence, the resultant probability of the implementation of the
technological process of transportation is:

L0 i dy + (L= R) R T ) %)
X r

where: P{ - probability of the implementation of the transporta-
tion task in time ¢ = 0, the means of transport is
without a failure at the beginning of transportation
and during the time of transportation, one failure is
allowable
P{v - probability of the implementation of the transporta-
tion task, when, in time 1 = 0 the means of transport
does have a failure but there is a possibility of its
removal.

Case 3

The time reserve AT makes N removals of failures (repairs)
possible, i.e. n = N. A means of transport will perform its tran-
sportation task only if one of the following 2N + 1 cases occurs.

a) In time ¢ = 0, the means of transport is without a failure and
will remain in this condition for the time of the implemen-
tation of the transportation task (7).

b) Intime t = 0, the means of transport is without a failure and
in time of the implementation of the transportation task (7,),
one or N failures will occur. These will be removed by one or
N repairs. The removals of the failures must take place within
the time reserve AT. After the repairs are done, the means of
transport continues implementing its transportation task.

¢) Intime ¢ = 0, the means of transport has a failure which will
be removed and the process of transportation will continue.
During the transportation, one or N — 1 failures will occur
which will always be repaired within the time reserve AT. After
a repair, the means of transport will continue implementing
its transportation task.

Probability of the implementation of the transportation task in
this case, is the sum of probabilities of the different possibilities:

Py(T¥) = P+ P+ P{ + .. + Pf+ P[ + P{ + .. + PN (8)
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3. Urovei informacie o stave dopravného prostriedku
a pravdepodobnosti jeho bezporuchovosti

Prijatie racionalneho rozhodnutia sa na realizaciu prepravnej
ulohy je nevyhnutna vstupna informacie o stave objektu. Tato
mozZe byt dana pravdepodobnostou bezporuchového stavu R,.
Stav dopravného prostriedku v prevadzke je mozne zistit diagnos-
tikou. Najcastejsi vysledok diagnostiky technického stavu doprav-
ného prostriedku je dvojstavovy model (0; 1), teda stav bezporu-
chovy alebo poruchovy.

Ak vychadzame z interpretacie podla Shannona o neohrani-
¢eni bezporuchového stavu, pre dopravny prostriedok plati:

H(P(e=¢€))=—R,log, R, — (1 —R,) log, (1 = R)) (9)

Uroveii informacie I o jeho stave, aku umoziiuje diagnostika
v prevadzke dopravného prostriedku je dana rovnicou:

I(Pe=¢€))=1(R,)=1-HR,) (10)

Podla tejto rovnice zavisi vzfah entropie od pravdepodobnosti
bezporuchovosti stavu dopravného prostriedku ako aj pravdepo-
dobnost jeho bezporuchovosti od urovne informacie v pripade
dvojstavového modelu.

HR,) A
1 ____________

Ro
>

0 0.5
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3. The level of information about the condition of
a means of transport and the probability of its
no-failure operation.

A rational decision of the implementation of a transportation
task is an inevitable entry information about the condition of an
object. It may be given by the probability of no-failure operation
condition R,. The condition of a means of transport during ope-
ration may be found out by diagnostics. The most frequent result
of diagnostics of the technical condition of a means of transport
is the double-state model (0; 1), i.e. a failure free or a failure con-
dition.

If we start with the Shannon’s interpretation of unlimitation
of no-failure operation condition, the following is true:

H(P(e=¢€))=—R,log, R, — (1 —R,) log, (1 = R,) (9)

The level of information / about the condition of the means
of transport, which is provided by diagnostics during the ope-
ration of the means of transport, is given by the following formula:

I(P(e=¢€)=1(R,)=1—-HR, (10)

From this formula, the entropy relationship depends on the
probability of no-failure operation state of the means of transport;

and the probability of no-failure operation state depends on the
level of information in case of the double-state model.

[bit]
0 0.5 1 >

Obr. 1. Vztah entropie od pravdepodobnosti bezporuchového stavu dopravného prostriedku ako aj pravdepodobnosti bezporuchového stavu
od kvality informdcie o jeho stave pri dvojstavovom modeli
Fig. 1. The dependence of entropy on the probability of no-failure state of a means of transport, and the dependence of the probability
of no-failure state on the quality of information about its condition at the double-state model

Ako vyplyva z obrazku 1 vSetkym hodnotam intonacie / > 0
prisluchaju dve hodnoty pravdepodobnosti bezporuchového stavu.
Takouto informaciou mozZe byt napriklad informacia z vykonanej
diagnostiky.

V prevadzkovej praxi pri realizdcii technologického procesu
prepravy dopravné prostriedky dosahuju vysoku produktivitu,
vysoky sucinitel vyuzitia vozidlového parku, pricom pri hodnoteni
je mozné pouzit viacstavovy model. Takto je mozne sledovat
vzniknuté poruchy v zavislosti od kilometrickych priebehov a §ta-
tisticky ich vyhodnotit.

From Figure 1, it may be concluded that two values of the
probability of no-failure condition ascribe to all values of into-
nation / > 0. An information resulting from diagnostics done may
be an example of such an information.

In operation practice, during the implementation of the tech-
nological process of transportation, means of transport reach high
productivity, high coefficient of the exploitation of the vehicle
park, and, when evaluating, it is possible to use a multi-state model.
This way, it is possible to observe occurring failures in depen-
dence on the kilometric course and evaluate them statistically.
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Pre ucely analyzy poruchovosti je mozné vyuzit model feno-
menologickej teorie spolahlivosti, ktory spociva na trvalych infor-
macénych systémoch o prevadzkovej spolahlivosti, ktora sa da
analyzovat podla zvolenych Statistickych modelov. Praktické sku-
senosti z hodnotenia spolahlivosti (bezporuchovosti) dopravnych
prostriedkov preukazali, Ze optimalnym Statistickym modelom je
trojparametricky Weibullov model.

Tento pri zovSeobecneni prakticky pokryva vacsinu moznych
priebehov nahodnych veli¢in (napr. poruch). Weibullov trojpara-
metricky model ma tvar distribucnej funkcie

1 o XZ=C
F(x,b,d,c):O—exp[—(t—c/d)], c<o b>0, d>0, ¢c=0

alebo

HLhdd:é—aphU—d@@

kde: b - parameter tvaru
d - parameter mierky
¢ - parameter polohy (prahova hodnota vyskytu nahodne;j
veli¢iny, tieZ parameter pociatku a v teorii spolahlivosti
sa tiez nazyva ,zaruceny Cas Zivota“),
a - parameter rozptylu

Vychadza sa pritom z predpo-
kladu, Ze Statisticky model je iba
jeden a pri praktickom pouziti sa
blizSie S$pecifikuje konkrétnymi
hodnotami parametrov b, d, a, c.
Vhodnou aproximaciou modze
Weibullové rozdelenie prejst na
exponencialne rozdelenie (b = 1),

w(t) A

For the object of the failure rate analysis, it is possible to use
the model of the phenomenological theory of reliability which is
based on the permanent information systems concerning the reli-
ability of operation. The reliability of operation may be analysed
according to the chosen statistical models. The practical expe-
rience of the reliability (no-failure operation) evaluation of means
of transport have shown, that the optimum statistical model is the
Weibull’s Three-Parameter Model.

In general, this model covers the most possible courses of
random variables (e.g. failures). The Weibull’'s Three-parameter
Model has the shape of the distribution function

(11

| or

PZC 50, a>0, ¢=0 (12)

t<c ’ ’

where: b - parameter of a shape

d - parameter of a measuring criterion

¢ - parameter of position (threshold value of the occur-
rence of the random variable, also the parameter of
the beginning, and, in the reliability theory it is also
called the “guaranteed lifetime”),

a - parameter of a variance

It is assumed that there is only
one statistical model which is, in
practical use, specified by particu-
lar values of parameters b, d, a, c.
By appropriate approximation, the
Weibull’s distribution may turn
into the exponential distribution
(b = 1), normal distribution (b =

normalne rozdelenie (b = 3,63)
a Ragleighové rozdelenie (b = 2).

3.63) and Ragleigh’s distribution
p (b=2).

Odhad parametrov b, d, c sa
uskutocnuje metodou najmensich

Obr. 2 Priebeh parametra b pre Weibullové rozdelenie
Fig. 2. Parameter of the flow of failures b for the Weibull's

t The estimation of the b, d, ¢
parameters is done by the method
of the smallest squares from the

Stvorcov z podmienok: distribution conditions:
dF dF dF dF dF dF
—=0, —=0, —=0 (13) —=0, —=0, —=0 (13)
db dd de db dd de

Z praktického spracovania nahodnych veli¢in pri hodnoteni
poruchovosti je mozné az 98 % ich priebehov do 1. celkovej resp.
vel'kej opravy aproximovat Weibullovym rozdelenim. Toto rozdele-
nie pravdepodobnosti maju ¢asy Zivota (asy do poruchy) mnohé
strojové suciastky i technické systémy, pre ktoré nevyhovuje expo-
nencialny model a zvlast také, u ktorych sa prejavuje mechanické
opotrebenie a inava materialu. Taktiez mechanické vlastnosti mate-
rialov, ako je napr. pevnost, je popisana Weibullovym modelom roz-
delenia pravdepodobnosti:

Stredna hodnota tohto rozdelenia je uréena vztahom:

Ex)y=c+T1/b+1) (14)

From the practical processing of the random variables when
evaluating the failure rate, 98 % of their courses, before the first
total (overall) repair, may be approximated by the Weibull’s distri-
bution. The “lifetimes” (time before a repair) of many machine
components and technical systems; for which the exponential model
is not suitable, and especially those, that are mechanically worn out
and have the signs of the fatigue; have the Weibull’s probability
distribution. The mechanical properties of materials, e.g. strength,
are also described by the Weibull’s probability distribution model:

The mean of this distribution is given by the formula:

Ex)y=c+T b+ 1) (14)
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a rozptyl

Dx)=T Qb+ 1)-T*/p+1) (15)
V teorii pravdepodobnosti a matematicke;j Statistike je ustred-
nym pojmom Normalne rozdelenie pravdepodobnosti. Jeho
hustota je vyjadrena vztahom
fx, p 0) = 1/(0V2m) exp (—(x — p)*20%) (16)
kde: E(x) = w; stredna hodnota
D(x) = o; rozptyl

Zhodu medzi empirickym histogramom a zvolenym teoretic-
kym modelom testujeme dvoma kritériami, a to bud kritériom
Chi-kvadrat, alebo kritériom Kolmogorova.

Kritérium Kolmogorova ma tvar:

. - =K0)y=0
lim P {(VN maxUF(x;) — F(x)O<y)} _ 0 inak (17)
kde: N - je pocet pozorovani

F, - je empiricka distribu¢na funkcia

F, - je teoreticka distribu¢na funkcia

Hodnoty funkcie K(y) st bud tabelované, alebo sa daju urcit
zo vztahu:

Koy= S (-1pem e

k=—o0

(18)

Pri testovani zhody teoretického modelu s empirickym histo-
gramom treba uvazovat s tzv. stupnami volnosti pre Kkritérium
Chi-kvadrat. Pocet stupnov volnosti je v tabulke €. 1

KOMNIKOCIe
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The variance is given by the formula:

Dx)=TQ/b+1)-T*/b+1) (15)
The main term of the probability theory and the mathemati-
cal statistics is the term of the Normal Probability Distribution.
Its density is expressed by the formula:
Jox i, 0) = 1/(0 V2m) exp (= (x = p)’[20%) (16)
where:E(x) = w; mean
D(x) = o; variance

The coincidence between the empirical histogram and chosen
theoretical model is tested by two criteria, either by the CHI-
quadrate criterion, or by the Kolmogorov’s criterion.

The Kolmogorov’s criterion is:

=Ky y=0

lim P {(VN maxUF(x;) — F(x)O<y)} — 0 otherwise

A7)
where: N - number of observations

F, - empirical distribution function

F, - theoretical distribution function

The values of function K(y) are either tabulated, or derived
from the following formula:

Ko)= S (1=

k=—oo

(18)

When testing the coincidence of the theoretical model and
the empirical histogram, so called degrees of freedom for the CHI-
quadrate need to be considered. The number of the degrees of
freedom is shown in Table 1.

Tabul'ka poctu stupiov volnosti Tab. 1 Table of the number of the degrees of freedom Tab. 1
Typ rozdelenia Stupne volnosti Stupne volnosti Type of Distribution | Degree of Freedom Degree of Freedom
+ 1 param. + 1 Parameter
Normalne N-3 Normal N-3
Exponencialne N-2 N -3 2 param. Exponential N-2 N -3 2 param.
Weibullovo N-3 N —4 3 param. Weibull’s N-3 N —4 3 param.

Zhodu medzi empirickymi a teoretickym rozdelenim povazu-
jeme za velmi dobru, ak je:

1 —y=10,95az0,99 (19)
za vyhovujucu, ak
1—y=0,9az0,95 (20)

V technickej praxi automobilovej prevadzky sa uspokojujeme
so zhodou 0,6 - 0,7. Pre doplnenie S§tatistickych charakteristik
boli pri vyhodnocovani urobené odhady 10 % a 90 % kvantilov.
Kvantil je definovany vztahom:

We consider the coincidence of the empirical and the theore-
tical distribution: very good, if

1 —y=10.95t00.99 (19)
convenient, if
1—-y=0.9t00.95 (20)

In the technical practice of the motorcar operation, we are
satisfied when the coincidence is 0.6 - 0.7. During the evaluation,
assessments of 10 % and 90 % quantiles have been made in order
to complete the statistical characteristics. A quantile is defined by
the formula:
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0(x) = ¢+ (— log(x)""" — d) (1)

10 % kvantil (Q(x),,) udava vlastne kilometricky priebeh, pri
ktorom nastane porucha na 10 % sledovaného suboru. Vysledky
parametrov tohto modelu su uvedené na obrazku 4 spolu s 10
a 90 % kvantilmi.

Priebeh poruchovosti za celu Zivotnost dopravného prostried-
ku je mozné uréitf pomocou parametra prudu poruch.

I.ZOP i [ poriich }

W= (22)
N(L,—L,) | 1000 km

3.p; - pocet poruch v danom intervale

N - pocet sledovanych vozidiel v danom intervale

L, — L, = AL - dany interval, na ktorom boli poruchy sledované

N A
Prudy portch, ich vlastnosti 3

0(x) = ¢+ (— log(x)""" — d) (@1

10 % quantile (Q(x),,) sets the kilometrical course during
which, a failure of 10 % of the observed file will occur. The results
of the parameters of this model are shown in Figure 3, together
with the 10 and the 90 % quantiles.

The course of failure rate during the lifetime of a means of
transport may be derived using the parameter of the flow of
failures.

w= (22)
N(L, —L,) | 1000 km

n
Di .
,.ZO ! [ failures ]
3.p; - number of failures in a given interval
N - number of observed vehicles in a given interval
L, — L, = AL - given interval, during which, the failures are ob-

served

The flows of failures, their

a zakonitosti su dolezitou zlozkou
teorie spolahlivosti v prevadzke

properties and regularities, are an
important part of the theory of

dopravnych prostriedkov. Poru-
chovost ako ukazovatel technické-

reliability of the operation of
means of transport. The failure

ho stavu dopravného prostriedku
je mozné hodnotif pomocou re-

rate, as an indicator of the techni-
cal condition of a means of tran-

\4

gresnej analyzy. Empirické hodno-

ty parametra pradu poruch v za- AL AL

sport, may be evaluated by the
AL regression analysis. The empirical

vislosti od kilometrického priebe- Lo Ly
hu sa aproximuje vhodnou kriv-
kou, ¢im sa urc¢i trend parametra
prudu poruch.

K volbe regresnej Ciary je potrebné pristupovat z dvoch hla-
disk:

1. matematické-spociva v tom, ze pre empirické udaje sa zvoli
krivka, ktorej pocet parametrov zavisi od po¢tu hodnot pre-
menne;j veli¢iny,

2. technicko - interpretacné - spo€iva v tom, Ze musime zvolif
taky druh Ciary, ktory dobre opisuje skimané javy a jej jednot-
livé parametre dokaZeme interpretovat.

Na obrazku 4 je znazorneny priebeh parametra pridu portiich
dopravnych prostriedkov S MTS 24 pre skupinu ,motor®. Pre
urcenie trendu bola vybrana exponenciala prvého stupna uva-
dzana vo vSeobecnom tvare:

y=aqy- [exp(ax) ...] (23)
Pre vzajomnu porovnatelnost informacie o poruchach doprav-

nych prostriedkov je potrebné pouzivat rovnako definovanu krivku
(funkciu).

4. Zaver

Z vyssie opisanych faktorov vyplyva, Ze bezporuchovost
dopravného prostriedku chapana ako pravdepodobnost zrealizo-

Obr. 3. Vyiskyt poriich
Fig. 3. Occurrence of failures

\4

»

Lo values of the parameter of the flow

of failures in dependence on the

kilometrical course are approxi-
mated by appropriate curve which
will define tendency of the parameter of the flow of failures.

An approach from two views is needed in order to select

a regression line:

1. mathematical point of view - the selection of a curve for the
empirical data is based on the number of parameters depen-
dent on the number of values of the variable

2. technical and interpretative point of view - the type of line
that needs to be chosen has to describe observed phenomena
well, and we must be able to interpret its particular parameters

The Figure 4 shows the course of the parameter of the flow of
failures of S MTS 24 type of means of transport, for the “motor”
group. For the definition of tendency, the exponential curve of the
first degree, in the general form, has been selected:

Y =ay - [exp(ax) ..] (23)
For the mutual comparability of the information about

failures of means of transport, usage of an equally defined curve
(function) is required.

4. Conclusion

From the above described factors results, that no-failure ope-
ration of a means of transport, understood as the probability of
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vania prepravnej ulohy je funkciou urovne informacii o jeho stave
na zaklade diagnostickych informacii. V praxi ide o prakticky
o minimalizaciu ¢asov na realizaciu technologického procesu pre-
pravy a na odstranovanie poruchy.

Output of data processing group ,motor* S MTS 24

Exponential function y = A(0)exp[d < 1 >x+A4<2>x"2+ ..

[OVINIKOCIE

C O MMUNICATION:S

the implementation of a transportation task, is a function of the
level of information about its condition, based on diagnostic inform-
ation. In practice, it is the minimisation of times needed for the
implementation of the technological process of transportation
and for removal of a failure.

+A4<M>x"M]

DET <A> = 1685625.0000 M = 1.0000
M=10

Regression coefficients Standard fault Statistics
A() Central format E-format reg.coefficients. t
A(0) = 0.62886 6.288573268270E-01 s(0)=0.12745 t(0)= 3.6394
A(l) = 0.01146 1.145664597910E-02 s(1)=0.00144 t(1)= 79790

t(kr.)=2.0552

Fisher_s general F-test

Source of degree of freedom sum of square average square statistics
variability df SS MS F
Regression 1 7.3749 7.3749 61.4691
Residual 28 3.3594 0.1200 0.3464
Total 29 10.7342
r(x;y) = 0.8289 df (N-M)=29.0000 N = 30.0000
r(kr.) = 0.3465
Regression 95 % CONFIDENCE INTERVAL
A() coefficients Lower-bound Upperbound
A(0) = 0.62886 0.57936 0.67836
A(l) = 0.01146 0.01090 0.01201
4.0800
3.E00 s
3.200
2.800
2.400
2.000
1.600
1.200
.808
. 400
9.0008 " 2 " 2 A1 N 2 A P ':’
r N ® ® ©® N & Hh @ o
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Obr. 4. Parameter priidu portich
Fig. 4. The parameter of failure course
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