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Introduction 
A real demand appears on behalf of transport organizations for the implementation of 
an “availability based” operational strategy that treats maintenance as an integrated part 
of vehicle purchasing and in the case of very valuable stock of vehicles it is destined for 
considerable use. Within the framework of this there is also a need for an availability 
and applicability function prognosis in order that the maintenance-supply system is able 
to flexibly adapt to the expectations determined by the fixed availability level that is 
required by its use. 

The present document attempts to highlight some reliability-theoretical relations of 
the foundation of the strategy that it refers to. In particular to show a method, applied to 
the specified (advanced) phase of permanent use for quantitative evaluation of 
maintenance structure, in accordance with using probability and the quantitative 
prognosis of the change of applicability. 

1. Connection of quality, operation efficacy and reliability 
According to our explanation the reliability of vehicles on the one hand can be 
considered as a generic term, suitable for the probability description of performability, 
and on the other hand as a signal regarding the quality of the tools. In an expanded 
definition, reliability can also be named – through applicability – as a determinant 
component of operation efficacy, furthermore it is suitable for a quantitative description 
of operation safety (see figure 1).  

In a wider sense the technical reliability of a technical tool can mean the ability to 
preserve its quality (original conditions) under determined conditions of operation. So 
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reliability can be identified as a notion. It is suitable for the description of time change 
of quality. 

  

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Connection of efficacy – applicability and notions, suitable for their 
quantitative description 

[The notions, describing reliability are interpreted as follows: 

Applicability is the ability of the system (product) to provide its specified functions in the specified 
moment, or interval, under specified conditions, presuming that the necessary (external and internal) resources 
are available.  

Faultlessness is the ability of the system to be able to provide its specified functions under specified 
conditions, in a specified moment, or interval. 

Sustainability is the ability of the system that - under specified operation conditions – it can be kept in such 
a state, or can be reset to a condition in which it can perform its specified functions, if its maintenance is 
performed according to the specified conditions and by using the specified procedures, resources 

The maintenance-supply is a property of the connecting organizational system that makes resources 
available – under specified conditions – that are necessary for maintenance, besides the specified maintenance 
policy (strategy, cycle order, technology).] 

In general the Q(t) quality of a technical tool can be described with time/performance-
dependant qi(t) parameter, being n finite number  [4]: 

 ( ) ( ) ( ) ( ) ( ) ( )[ ]1 2 3 i nQ = q ,q ,q ,...,q ,...,qt t t t t t  (1) 
As qi(t) parameters are in connection with the utilisation, age, maintenance conditions 

of the tool and other random effects not always known, ( )Q t  vector can be considered 
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as random variant in time. According to this the vector – regarding the technical tool - 
describes an n dimensional curve, as a function of time.  

The knowledge of the complete value range of ( )Q t  is generally uninteresting 
regarding the reliability analysis. It appears to be sufficient to divide it to disjoint 
subsets, which are not necessarily constantly connected and contain equivalent 
parameters in terms of applicability description.  

If we divide the n dimensional T status space, containing every possible condition of 
( )Q t  to m finite-numbered [Z1, Z2, Z3, … , Zj, … , Zm] subsets, excluding the elements 

of one another,      

 ( )Q Tt ∈  (2)  

can be stated 

 
m

j
j=1

Z T=∪  (3) 

where: Zi ∩ Zj = Ø null set, if i ≠ j. 

If we introduce a continuous time z(t) variable, having a discrete value range, which - 
in the case of an m state – can take values from [1,2,3, …,m] positive integers, in a 
specified t moment, that number can be identified, as the index of technical tool 
condition –  so if z(t) = k, then ( ) kQ Zt ∈ , this means that the examined object is in a 
possible kth  state k m∈ . 

Let the nomination of certain conditions (subsets, containing equivalent parameter 
values) in our study be the following: 

• Z1 – the subset of conditions of the technical tool, able to perform its functions 
without limitations 

• Z2, Z3, Z4, … Zm – subsets, belonging to out of order states. 

2. State probability functions of bistable system, homogeneous 
Poissonmodel 

On the basis of what was previously defined, let us survey a stock of vehicles – 
operating under known conditions – which’s elements have only two possible 
consecutive conditions, one in working order (Z1) and another that is in an out of order 
(Z2) condition  (see figure 2). In the course of their use, the elements of the stock of 
vehicles with one in one condition and one in the other condition – after troubleshooting 
they are in working order again – so, if beginning with a specified t 
moment/performance value to ∆t time/scale their behaviour is observed, it can be 
experienced that either they overturn from their initial condition to their other possible 
condition or stay in their former condition. 



Vol. 5. No. 3. 2012 Acta Technica Jaurinensis 

 302

The introduced operation mechanism can be named, as a stochastic process - 
continuous in its time-space and discrete in its status space – which (as a working 
hypothesis) can be identified as the Poisson process (having a frequent occurrence in 
practice), and supposes that the three necessary conditions (that are not too strict) are 
met, namely [3]: 

• The rareness condition: the probability of two events coming into being at the 
same time (two event points have contact) is insignificantly small [(o(∆t) scale] 

• Independent increment: the number of two event-points (that do not intersect 
each other), in ∆t time interval, is independent from each other 

• Linear probability: the probability of occurrence of 1 event point in a short ∆t 
interval is proportional to the length of ∆t interval, apart from an insignificantly 
small [(o(∆t) scale] value [this response factor is called event density and in the 
case of homogenous Poisson failure process it is identical with λ failure rate 
and in case of homogeneous Poisson reconstruction process it is identical with 
the µ reconstruction rate parameter]. 

   

 

 

 

 

 

 
Figure 2. Condition-transitional graph  

According to the markings and the specified marginal conditions of the above 
mentioned figure 2 , λ ∆t will be the probability in which the vehicle - monitored in the 
course of ∆t interval - overturns from its 1st condition to 2nd condition, and returns to 
its 1st condition with µ ∆t probability. The complementary specified probabilities  
(1–λ∆t), and (1–µ ∆t) supply the probability of remaining in the certain conditions. 

It results from the accomplishment of our pre-set simplifying conditions that both the 
process of failure and restoration has an exponential character, so besides the fulfilment 
of  
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In the examined case the description of the probability process can be performed by 
the known Chapman matrix differential equation. If it is referred to two conditions, it 
can be produced in the form of the next (6) general differential equation system, where 
Pi(t) is the condition probability function that can be assigned with the certain discrete 
conditions: 

  (6) 

the solution of (6) equation-system can be determined in analytical form with the 
Laplace transformation in the forms (7) and (8) [1].  

  (7) 

   (8) 

It is easy to see that in the examined case P1(t) function can be identified with R(t) 
reliability function of the system, while P2(t) function can be identified with F(t) failure 
function. 

If we accept the assumption that the external resources necessary for use and 
maintenance are available, it can be stated: 

  P1(t) ≡ R(t) ≡ A(t)  (9) 

 P2(t) ≡ F(t) ≡ U(t) (10) 

where A(t) is a function, suitable for describing the time change of applicability, U(t) 
is a function, suitable for describing the time change of uselessness.  

Examining a proper length operational interval (calculating with t → ∞ theoretical 
bound transition) the (6) simultaneous equation can be transformed into the 
Kolmogorov algebraic equation-system, representing the balance condition of the 
operational structure: 

 (11) 

With the solution of (11) the following result can be presented: 

 A ≡ P1 = µ /(µ +λ) (12) 

 U ≡ P2 = λ/(µ + λ)  (13) 
where A marks asymptotic applicability, U marks asymptotic uselessness. 

If in the course of our procedure we succeed in giving a reliable estimation regarding 
the vehicles - chosen according to aspects, unspecified here – for λ and µ parameters, 
occurring in equations (4) and (5), there is a way to give approximate estimation as a 
function of operation time/performance, as an independent variable on the basis of (7), 
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regarding an extended operational interval for the tendency of the numerical value of 
applicability function (operational probability), and on the basis of relation (12) for the 
numerical value of asymptotic applicability index, which is characteristic of the balance 
condition of the operational system. 

3. Analysis of data of failure realizations 
From the database of a company, operating urban rail-mounted transport vehicles, the 
(proportionally distorted) failure-occurrence events – seen in table 1 – could be 
produced.  

The data – containing failure events (their occurrence frequency) – applied to a 
specified vehicle-series (more than 100 vehicles within it) and yearly time intervals. 

Within the connotation of our former justifications and within this set it has no 
significant relevance from the aspect of considerations. It is to be conceived that the 
occurred failure event happened on the line, or not, or what type of fault of which 
functional unit caused the registered failure. 

In the lines of the table (1) the following data were determined regarding the specified 
∆t = 1 year time interval and every vehicle: 

• the f(∆t) empiric relative occurrence frequency of technically justified faults, 
giving an estimation for the value of empiric density function of failures 

Table 1. Registered failure events of vehicles  

Failure events  
Time interval, year 2006 2007 2008 2009 2010 

Total technical failure event, piece 5446 6471 5593 6577 5615 
Relative fault frequency f(∆t)/month 0.015 0.018 0.016 0.018 0.016 

Cumulated error rate F(∆t) 0.000 0.217 0.401 0.590 0.811 
Empiric reliability function values R(∆t) 1.000 0.783 0.599 0.410 0.189 

Empiric failure rate function values λ(∆t), 
1/month 0.015 0.023 0.026 0.045 0.083 

• the F(∆t) cumulative empiric relative occurrence frequency of technically justified 
faults, giving an estimation for the value of empiric distribution function of failures 

• the R(∆t) = 1 – F(∆t) empiric index-number of reliability function of technically 
justified faults 

• λ(∆t) = f(∆t) / R(∆t) numerical value of the empiric failure rate function.  
 

λ for the average value of the above-mentioned table - considering the data, that occurs 
in the last line - the following estimation was produced: λ = 0.04/month. 
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4. Originating the applicability (expected value) function 
The numerical value of µ average reconstruction rate function, that is necessary for 
further calculations was defined as a parameter and its start value was determined in the 
same dimension as λ at µ = 0.05 value with preliminary expert estimation. The 
restoration activity, which is more effective than the estimated item stimulates 
considerably higher restoration rate (than the specified). The restoration activity, which 
is less effective, than the estimated induces considering lower restoration rate (than the 
specified). 

In the course of modelling of the applicability probability function, within the 
meaning of the above, the following generator matrix and basis-equations can be 
applied: 

  (14) 

 ( ) ( ) ( )
( ) ( ) ( )

1 1 2

2 1 2

P t = 0.04 P t +0.05P t

P t = 0.04 P t 0.05P t

⎫− ⎪
⎬

− ⎪⎭
 (15) 

 ( ) ( )0.04 0.05 t
1

0.05 0.04A(t) P t e
0.05 0.04 0.05 0.04

− += = +
+ +

 (16) 

(16) applicability function provides the possibility for preparing prognosis/estimation 
for the relative alteration of quantitative index-number of applicability in the case of 
further use of vehicles.  

Table 2 contains the necessary calculations for that. In the table the 2005 function 
value appears, as the basis for determination of relative change of A(t) = P1(t) 
applicability function. The produced calculation results are represented by figures 3-5. 

Table 2. Calculation of applicability function values  

Calculation of prognosed values of (t) = P1(t) empiric applicability function 

year t,  
month 

λ,  
1/month 

µ,  
1/month µ/(µ+λ) λ/(µ+λ) e exp[– (µ+λ)t] P1 (t)  

P1 
relative 
variable 

2005 0 0.040 0.050 0.556 0.444 1.000 1.000 0.000 

2006 12 0.040 0.050 0.556 0.444 0.341 0.707 –29.301 

2007 24 0.040 0.050 0.556 0.444 0.116 0.607 –14.121 

2008 36 0.040 0.050 0.556 0.444 0.040 0.573 –5.602 

2009 48 0.040 0.050 0.556 0.444 0.013 0.562 –2.022 

2010 60 0.040 0.050 0.556 0.444 0.005 0.558 –0.703 

2011 72 0.040 0.050 0.556 0.444 0.002 0.556 –0.241 

2012 84 0.040 0.050 0.556 0.444 0.001 0.556 –0.082 

2013 96 0.040 0.050 0.556 0.444 0.000 0.556 –0.028 

0.04 0.04
0.05 0.05

Q
−

=
−
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Figure 3. Applicability function 
 

 

Figure 3. Applicability function 

 

 

 

 

 

 

 

 
 

Figure 4. Prognosis of relative alteration of applicability function of a vehicle series 

 
Figure 5. The alteration of applicability index as a function of the alteration of failure 

and restoration rate 
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On the basis of the produced results. general findings can be made - connected to the 
prospective tendency of the further use of the examined vehicle-series - according to the 
following: 

• Besides the expected values of the assessed failure and restoration function. in the 
balance condition of the system. at least 0.556 applicability probabilities can be 
realized as a consequence of the failure rate representing an undesirable high value. In 
favour of improving applicability. it seems to be necessary to considerably reduce the 
value of failure rate. Reducing the index-number of the failure rate to a 0.01 month–1 
value. could establish the increase of applicability potential to about 83% (see figure 5)  

• Mutatis mutandis. the realized value of the restoration rate also has an influence on 
the numerical value of the specified applicability index of vehicles. The favourable 
increase of this can also contribute to the sensible increase of the indicated low 
applicability limit value. Besides an unaltered failure rate. reducing the time 
requirement of restoration to half could make it possible to improve the potential 
applicability to 64%  

• Reducing the failure rate to a 0.01 value and increasing the restoration rate to a 0.1 
value at the same time establishes the 91% limit value of applicability potential 

• By taking into consideration the data series. represented by the starting base of 
calculations and choosing conditions of the homogeneous Poisson process 
realization, and representing the base of calculation method. Emphasis has to be 
laid on our presented results and established information content, and – according 
to this – on the basis of our data. Our established prognoses are fundamentally 
suitable for laying down the character of tendencies.  

Summary 
In the course of our examination. the reliability of vehicles was interpreted as the 
probability of movement tasks to be performable (applicability of vehicles) and in a wider 
sense as a signal referring to the application quality of these devices. The analysis of use 
processes of vehicles – becoming effective in a stochastic way – was performed with help 
of expedient modelling the conditional and event space of processes. Within the framework 
of this. The use/operational system of vehicles was described as an effectiveness of a 
Poisson course of events. Being bistable. continuous in its time space. and discrete in its 
condition space. As an output function of the used model the probability time-functions of 
the applicability of vehicles were performed. On the basis of the produced relations specific 
recommendations were composed to increase the efficiency of the further-use of vehicles. 
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