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Abstract 

The concept of assessing the reliability maintenance of mining machines, 
such as belt conveyors, which constitute a special group of complex technical 
objects, due to difficult maintenance conditions, is presented in the study. 
Interruption of operations caused by failures constitutes organisational-
technological problems, connected with economic losses, for the user. The 
presented concept contains the determination of the renewable objects 
reliability-maintenance index, such as the failure stream parameter as well as the 
investigation methodology allowing to determine its value. Undertaken 
operations should concern failure states of devices on the bases of the 
information systems of the maintenance control of these objects.  
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Introduction 

Preventions of failures occurring in the maintenance is the priority task for 
users supervising and controlling the machines and technical devices operations. 
Unforeseen failures are reasons of economic losses. An efficient prevention 
policy is possible, when the reliability characteristics of devices are known.  

The reliability is the basic measure of the machine quality and it is not only 
the assessment of the object itself, but also the assessment of the servicing 
processes quality (staff qualifications, adherence to maintenance regimes, etc.).  

The determination of classical reliability characteristics under real 
operations conditions is possible to be performed only by the producers, who 
posses information concerning operation times and technical services of used 
devices, have at their disposal adequately numerous collections of new devices 
as well as data collected by services during guaranty and after-guaranty repairs.  

Since the user does not have such possibilities, the problem occurs how to 
assess the reliability of devices when the stock of machines consists usually of 
technically heterogeneous objects, differing – in addition – in their age. Having 
the knowledge base of the object maintenance the user should have the 
possibility of assessing the failure state of devices in a form of indices. Changes 
of these indices values with the information influx on failures will indicate the 
technical state of the operating devices.  

The failure stream parameter as the reliability characteristic is proposed, in 
the hereby paper, to solve this problem. The need and possibilities of using it in 
maintenance investigations of mining devices is presented at the example of the 
belt conveyor. 

1. Identification of the investigation object  

Transportation is one of the basic operations in the mine production 
process. Transport systems in mines are complex systems. Each mine has its 
own system, which is unique in its construction, since it is the combined result 
of the technical knowledge, investment possibilities, geological and mining 
conditions, kind of mined raw materials which decides on the mining technology 
and even legal conditions [7, 8, 9]. 

Presently, due to the development of belt conveyors and their advantages as 
compared with other means of transportation, they dominate in the transport of 
useful minerals. Thus, the maintenance of these devices is the essential problem 
from the point of view of the efficiency of plant operations. The proper 
functioning of the conveyor transport system allows for the proper performing of 
mining works and decides on the economic efficiency of the whole enterprise. 
Thus, taking care of the proper maintenance process – at simultaneous striving to 
minimise its costs – is essential. As an example can serve the conveyor 
transporting system operating in KGHM S.A. excavations, consisting of app. 
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180 conveyors of a total length app. 136 km, which is still being extended when 
the mining front shifts to successive deposits [8,10]. 

Maintenance conditions of belt conveyors are difficult due to a continuous 
(often in three-shift system) or periodically-continuous (seasonal) work 
character, occurring at destructive influence of several forcing agents, both 
external (temperature, wetness, dusting, ground characteristics, etc.), as well as 
internal (forces of inertia, frictional resistances, vibrations).  

Factors influencing the reliability of the maintained object are seen in Fig. 1.  
 

 
 
Fig. 1. Factors influencing the reliability of the maintained devices [6] 

 
Belt conveyers are reparable objects, intended for a long term maintenance, 

in case of which the essential factors should be included: the safety as well as the 
readiness for the realisation of the assigned functions (production tasks). In 
dependence of the needs and possibilities of users, as well as of the specificity of 
the object itself, its structural and reliability solutions, its reliability assessment 
can be realised at the level of systems, sub-assemblies or elements [1].  

Belt conveyors, representing the mining machines, belong to devices of 
relatively simple structures. However, under mining conditions it is difficult to 
find two identical devices. Belt conveyors are usually designed for the 
realisation of the determined task under the given conditions. They differ in 
length, route profiles, drive power, inclination angle of path segments, etc. These 
devices are of a modular built, which enables their adjusting to the conditions, 
especially to the route length and its eventual inequalities. The example of the 
belt conveyor, containing the basic systems, is presented in Fig. 2. These 
systems are: unloading point (frontal station), belt, chute, tail, route segments, 
take-up system and drive unit [11, 12].  
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Fig. 2. Functional scheme of the typical belt conveyor [12] 

 
From the point of view of the reliability the belt conveyor is of the in- series 

structure (Fig. 3). This means that, to enable the operation of the device all 
systems of the conveyor have to function properly. In some cases, especially in 
conveyors of a high power, systems forming serial structures occur, as e.g. drive 
units. Only then the operation of the device is possible in spite of the failure of 
one drive unit (though this can also depend on the kind of failure), but this 
causes always limiting the work parameters of the belt conveyor, in this case: its 
efficiency.  

 

 
 
Fig. 3. Reliability structure of the belt conveyor  

 
Individual sub-assemblies of the conveyor, due to their built, are subjected 

to various kinds of failures. Wearing out and ageing processes in various ways 
influence the failure occurrence. Therefore each of sub-assemblies is subjected 
to individually designed technical services. For example the belt, as the most 
important and the most often undergoing failures sub-assembly of conveyors, is 
systematically monitored and in case of failures (and depending on their sizes) is 
either given running repairs or is repaired during the nearest routine repairs. In 
turn sub-assemblies being a part of drive systems, e.g. drive gears are very 
durable and can operate from a few up to several dozen years and require only 
current conservations such as e.g. oil change, and after working for the assumed 
period are directed for the preventive renewal.  
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2. Assessment of the belt conveyors maintenance process  

The basic coefficient used in the assessment of the maintenance process of 
the analysed devices can be the failure stream parameter. The practical 
possibility of determining its value, allows the current assessment of the 
influence of wearing out and ageing processes in tested objects on the failure 
occurrence. The condition of the proper realisation of operations is maintaining 
machines in the serviceable state and each unexpected failure destabilises this 
process. Therefore building the system of failure preventions seems fully 
justified [6].  

The process of devices maintenance can be presented as a series of random 
variables, which are operation times and renewal times – Figure 4.  

 

 
 
Fig. 4. Maintenance process of the technical object (a) – as a convolution of random variables of 

operation times (ti) and times of idleness (renewal – toi), b) – as a convolution of random 
variables, which are operation times up to a failure 

 
It can be assumed that moments of the failure occurrence are sums of 

random variables (ti) – Figure 4b: 
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On the basis of operation times and repair times the idleness and readiness 
coefficients can be determined: 
– Idleness coefficient: 
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– Readiness coefficient of the object: 
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where: 
Tu(t) – total operation time up to the moment t,  
To(t) – total time of renovations up to the moment t. 

 
Realisations of operation times occurring one after another up to a failure, 

separated by points showing failure moments (which simultaneously are 
moments of the operation times start), can be considered as the failure stream 
(Fig. 5) [6]. 

 

 
 
Fig. 5. Failure stream 

 
The failure stream can be characterised by the determination of the failure 

stream parameter value. The empirical value of this characteristic of renewable 
objects can be calculated from the dependence: 
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where:  
n’

∆t – number of technical objects defected in the time interval ∆t, 
no – number of tested objects, 
∆t – discretisation of the maintenance time. 

 
Theoretically it is described by the dependence: 
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where: 
P1(t,t+Δt) – probability of the first failure occurrence, 
P>1(t,t+Δt) – probability of occurrence of a larger number of failures, 
Δt – time discretising.
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The failure stream parameter meets two presented below conditions, which 
join it with the reliability characteristics of technical objects tested up to the first 
failure: 

 

 
( ) ( )tft ** ≥Λ , (5) 

 

 
( ) ( ) .consttt ===Λ λλ  (6) 

 

where: 
f*(t) – density function, 
λ(t) – failure rate function,  
if the failure stream is simple and random (no memory).  

 
Examples of failure streams are shown in Figure 6. 
The determination of the failure stream parameter for failure streams 

illustrated in such way, is relatively easy.  
 

 
 
Fig. 6. Examples of failure streams of sub-assemblies of the belt conveyor [5] 

 
Three characteristic periods can be singled out in the maintenance of 

technical objects (Fig. 7). 
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Fig. 7. Failure rate function waveform [3] 

 
The period of normal maintenance is characterised by the constant failure 

rate value and – during this period – the failure occurrence depends on random 
factors. The failure stream parameter determined under real maintenance 
conditions can be approximated by a constant value of the normal maintenance, 
when structural, technological and assembling defects as well as latent material 
defects and wearing out, fatigue and ageing of machine elements have no 
influence on occurring failures. 

When determining the failure stream parameter under real maintenance 
conditions it is possible to indicate the moment when the machine enters the 
period of accelerated ageing and wearing out (the third maintenance period). 
Determining this moment is important in undertaking decisions on performing 
repairs or necessary exchanges.  

3. Method of investigations  

The concept of the reliability assessment method with the application of the 
failure stream parameter is presented in Fig. 8. This assessment constitutes the 
base for decision undertaken in the process of directing the maintenance of 
renewable technical objects.  

The presented activities are performed based on information from the data 
base organised according to the needs related to the tested machine operations. 
Recorded information should concern the usage process as well as the machine 
servicing process and also changes of its state caused by repairs and 
modernisations.  

When the failure stream parameter has a decreasing waveform it can 
indicate either a low quality of performed repairs or using defective 
exchangeable parts. An increasing waveform indicates intensifying of failures 
caused by cumulating the effects of wearing out and ageing processes, which can 
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show the need of performing repairs or modernisations. These operations will be 
undertaken within the modernised process of servicing the operated objects [4].  

When considering technical and economical circumstances of failures the 
following operations should be performed: identification of the defected part, 
analysis of hazards and losses caused by this failure (including the down time) 
and the analysis of reasons of the failure occurrence.  

On the bases of the collected information decisions, concerning technical or 
organisational changes in the enterprise, should be undertaken. These decisions 
can concern especially: organising the machine maintenance process or 
performing constructional modernisations of objects or their withdrawal from 
use and substitution with new units.  

 

 
 
Fig. 8. Research-assessing procedure with the application of the failure stream parameter 
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4. Verification of the proposed model  

The practical verification of the presented model was performed for the 
example of hypothetic data of the belt conveyor maintenance. The failure stream 
parameters for objects being in the period of normal operation and in the phase 
of accelerated wearing out and ageing are shown in Fig. 9 and 10, respectively.  

 

 
 

Fig. 9. Failure stream parameter waveform approximated by the trend line of constant values 
 

 
 
Fig. 10. Failure stream parameter approximated by the trend line of increasing values  

 
In addition the failure stream parameter can be used as the comparative 

index in case of devices of similar structural-maintenance solutions being used 
under real conditions.  

Assuming that there are a few devices which meet the determined similarity 
criteria and that assessments of failures for individual conveyors are known and 
the waveforms of the failure stream parameter are of a similar character, it is 
possible to compare the mean value of this parameter. Thus, by means of 
comparisons the maintenance process of the belt conveyor can be assessed 
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versus the reference conveyor. The example of comparison is presented in  
Fig. 11. Due to uniqueness of the conveyor structure and conditions of their 
maintenance – in order to make such comparison possible – it is necessary to 
determine previously the proper similarity criteria [13]. 

 

 
 

Fig. 11. Comparisons of the failure stream parameters for two belt conveyors. 
 
Presented in the diagram, approximated values of the failure stream 

parameters of two belt conveyors maintained under various conditions indicated 
e.g. that No 2 conveyor was subjected to lower operational loads or that its 
servicing system was better organised.  

Conclusions 

Collecting information on operation times up to a failure and times of 
performing repairs is sufficient to determine the reliability characteristic of 
technically complex devices being in various maintenance periods, only when 
the failure stream parameters are determined.  

On the bases of the estimation the failure stream parameter value the 
machine technical state can be controlled as well as the period of profitable 
operations of devices can be established and preventive repairs planned.  

Preventive servicing-repairing operations determined on the bases of 
reliability characteristics allow to eliminate unforeseen failures and maintenance 
of technical devices in operating state for the determined time period.  
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Parametr strumienia uszkodzeń jako charakterystyka niezawodności 
procesu eksploatacji wybranych maszyn górniczych  

Słowa kluczowe 

Niezawodność, maszyny górnicze, parametr strumienia uszkodzeń, ocena proce-
su eksploatacji, modernizacja procesu obsługiwania, odnowy profilaktyczne. 

Streszczenie 

W opracowaniu przedstawiono koncepcję oceny niezawodności eksploata-
cyjnej maszyn górniczych, jakimi są przenośniki taśmowe, stanowiących specy-
ficzną grupę złożonych obiektów technicznych z uwagi na trudne warunki eks-
ploatacji. Przerwa w pracy spowodowana uszkodzeniem stanowi dla użytkowni-
ka problem organizacyjno-techniczny połączony ze stratami ekonomicznymi. 
Przedstawiona koncepcja obejmuje wyznaczanie wskaźnika niezawodnościowo-
-eksploatacyjnego obiektów odnawialnych, jakim jest parametr strumienia 
uszkodzeń oraz metodykę badań pozwalających na wyznaczenie jego wartości. 
Podejmowane działania powinny dotyczyć oceny awaryjności badanych urzą-
dzeń w oparciu o systemy informacyjne kontroli przebiegu procesów eksploata-
cji tych obiektów. 
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