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ABSTRACT

The basic function characteristic of the reliability of the multi-purpose machines is the mathematic model 
describing the characteristics of the time of the correct functioning. The subjects of the research were the wheat 
harvesters produced nowadays, and the harvesters produced in the 80's. During the research, the time of the correct 
functioning has been registered along with the time of repair in the agrotechnological season and the potential cause 
of the break has been identified. Whilst selecting the mathematic models for the reliability of the machines produced 
in specific times of exploitation, the analysis of damage causes has been created. Based on the results, the conclusion 
was that the model of the reliability of wheat harvesters produced nowadays is the exponential function. In the 
process of exploitation, the damages had the saltatory character not dependent on the using process. The basic 
cause of the damage were the operator's errors and the hard conditions of exploitation (69%). When it comes to 
the harvesters researched at the earlier time, the reliability is best described by logarithmic and  Weibull's functions. 
It shows that they have more complex damage causes which were usually due to the overuse of parts. 

1. INTRODUCTION 

Ensuring economically reasonable reliability of machines is one of the major tasks of economic activity, particularly for multi-purpose machines. They are 
technological structures with a varying degree of organizational and technological complexity. According to the commonly-used definition, the reliability 
of a machine is its ability to maintain significant properties within acceptable limits, under specified conditions of existence of an object, within a specified 
time frame. Therefore, the reliability of an object is the probability that a machine will satisfy the requirements set out for it [1]. Reliability theory has rather 
well-developed mathematical foundations which constitute the starting point for all analyses [2-3]. The aim of the analysis of machines’ reliability is to 
prevent the occurrence of failures, and thus to reduce the destruction of the technological processes being run. The basis for the decision is a synthesis of 
the analysis of results of reliability testing carried out on machines under classic (for a particular group of machines) external forces [4]. Even though 
reliability concerns all stages of existence of an object, most information is obtained during tests carried out under normal operation [5,6].  

A failure is one of the significant events occurring in the process of the use of machines, which determines the reliability of machines, efficiency of their use 
and the technical service processes.  

The state of an object at time ti determines the set of values of momentary features describing the object: 
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where:  Si – i-th state of the object, 
Cj – j-th feature of the object (j=1, .., J, J – number of features), 
Cj(ti) – value of the j-th feature at time ti. 

Of the many possible states in which an object can be, two are particularly distinguished, i.e. the state of serviceability and the state of unserviceability. A 
failure of a machine may be defined as an event involving the machine’s transition from a state of serviceability to a state of unserviceability. The physics 
of failures provides the basic approach to the issue of reliability modelling. It is based on the knowledge and understanding of broadly defined destruction 
processes affecting the technical condition of a machine.   The physics of failures is a concept that uses algorithms describing the degradation of tested 
elements under the external influence of physical, chemical, mechanical, thermal or electrical factors. 
The aim of the study is to analyze the reliability of the currently manufactured working machines and to refer the observed dependencies to the reliability 
of the machines manufactured in the past. 

2. METHODOLOGY OF RESEARCH 

2.1. Modelling assumptions 

A failure in a machine occurs under the influence of the energy it transmits. It was assumed that once a machine has been manufactured, it can be presumed 
that the values of all features describing the state of serviceability fall within their acceptable limits. Depending on the type of energy predominating under 
particular conditions, the causes of failures in elements may be divided into the following groups:  

 difficult operating conditions; 
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 operator error; 
 manufacturing defects; 
 defects of design; 
 excessive normal wear and tear.

Taking into account the nature of changes to the values of forces (duties) affecting a machine, the following were distinguished [7-10]: 

 failures caused by abrupt stimuli, emerging as a result of the action of abrupt stimuli whose values have exceeded the established limit values, 
 failures caused by cumulative (natural) stimuli which result from irreversible changes to the initial properties of an object, taking place during 

operation, 
 failures caused by relaxation stimuli which result from the indirect impact of both cumulative and abrupt stimuli, 
 failures due to independent causes; these result from a combination of several factors acting at the same time.  

For the estimation of reliability indices, the following random variable distributions were applied [1]: 

 exponential distribution, characterized by the “no memory” property; failures occur due to the impact of accidental external factors (Figure 1), 
 Weibull distribution, used to describe failures occurring as a result of a combination of failure causes, i.e. gradual and abrupt wear and tear at the same 

time (Figure 2), 
 normal distribution, log-normal distribution – reflect natural ageing processes caused by the cumulative effect of a stress in the elements of objects, in 

the second case caused by fatigue wear (Figure 3). 

Reliability characteristics were compared to the years of operation and they concerned the following: 

 reliability function:  R(t) = P(T≥t), 
 distribution function:  R(t) = P(T≥t), 
 mean Time Between Failures – MTBF, 
 mean Time To Repair – MTTR, 
 availability – A = MTBF/MTBF + MTTR. 

These characteristics were compared to particular years of operation of machines: 

tetR )(  (2) 

Figure 1:   Characteristics of functions describing exponential distribution, f(t)-probability density function. 

Figure 2:   Weibull distribution reliability function, α – shape parameter, β – scale parameter. 

Figure 3: Normal distribution reliability function,   s – standard deviation, E – expected value 

2.2. Subject of the Study 
In order to exemplify models of a working machine’s reliability, combine-harvesters were selected. As regards agricultural machines, combine-harvesters 
have recently undergone the greatest structural and technological changes, primarily in terms of process automation and ergonomics.  

For the testing of modern machines, combine-harvesters manufactured by companies NEW HOLLAND, CLAAS (Figure 4), DEUTZ FAHR, and LAWERDA, 
used for six agrotechnical seasons, were selected. Overall, in particular years, 97 combine-harvesters were tested: from 28 in the first year of operation to 
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six in the sixth year. For the combine-harvesters tested in the 1980s, BIZON Z056 combine-harvesters were subjected to a reliability assessment (Figure 
5). 

Figure 4: A view of a CLAAS combine-harvester 

Tests on these combine-harvesters were carried out in the years 1980–1985. The total number of combine-harvesters tested was 165, and, depending on 
the year of operation, it ranged from 24 to 29. The tests were carried out under the same geographical conditions. 

Figure 5: A view of a BIZON combine-harvester 
3. ANALYSIS OF TEST RESULTS

During the testing of BIZON Z056 combine-harvesters, a total of 1,435 failures were noted; therefore, on average, 8.7 failures occurred to a combine-
harvester during an agrotechnical season. No case of a lack of failure of a combine-harvester was noted during the technological process in an agrotechnical 
season. In the first year of operation, as many as 74% of failures were due to the low quality of the machine (47% – manufacturing defects, and 27% – 
defects of design). In the second year of operation, excessive wear and tear due to the low quality of structural materials used became dominant (59%). In 
the entire population of tested combine-harvesters, over the six years of operation, excessive wear and tear was dominant (Figure 6). As regards the adopted 
models of reliability (error-free running time), log-normal distributions exhibited the best matching during the first years of operation (Figure 7, 8). As 
regards the entire population, it was the two-parameter Weibull distribution that proved to be the function which best reflected the error-free running 
time (Table 1). In the process of operation of machines, failures were due to a combination of the wear and tear of structure materials (either gradual or 
abrupt) and the momentary overloads resulting from the forces exerted by the environment. 

Figure 6: Summary of the causes of failures in Bizon Z056 combine-harvesters 
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Figure 7: A model of reliability of BIZON Z056 combine-harvesters in the first year of operation 

Figure 8: A model of reliability of BIZON Z056 combine-harvesters in the second year of operation 

Table 1: Summary of reliability characteristics of BIZON Z056 combine-harvesters 

Specification 1st year of operation 2nd year of operation The entire population 

Distribution of reliability function R(t) 
log-normal 

scale parameter – 16.85 
shape parameter – 1.29 

log-normal 
scale parameter – 17.87 
shape parameter – 1.34 

Weibull 
scale parameter – 17.87 
shape parameter – 1.34 

A 0.94 0.86 0.91 

MTBF [h] 38.71 34.02 26.49 

MTTR [h] 2.47 5.54 2.72 

As regards the currently manufactured machines, no failures occurred to as many as nine of them during the testing conducted over six agrotechnical 
seasons. The maximum number of failures noted during a season in one combine-harvester was four. Overall, 65 failures were noted, i.e. an average of 0.67 
failures per combine-harvester per agrotechnical season. The primary causes of failures included difficult operating conditions and operator error (79% in 
the first year of operation, and 74% in the second year of operation) (Figure 9). Therefore, the failures resulted from causes independent of the machine’s 
technical condition. Exponential distribution was adopted as a mathematical model of the error-free running time (Figures 10, 11; Table 2). 
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Figure 9: Summary of the causes of failures in the currently manufactured combine-harvesters 

Figure 10: Model of reliability of the currently manufactured combine-harvesters in the first year of operation 

Figure 11: Model of reliability of the currently manufactured combine-harvesters in the second year of operation 

Table 2: Summary of reliability characteristics of modern combine-harvesters 

Specification 1st year of operation 2nd year of operation The entire population 
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Distribution of reliability function R(t) 
exponential 
 ë = 0.0107  

exponential 
ë = 0.0041 

exponential 
ë = 0.0023 

A 0.91 0.97 0.98 

MTBF [h] 93.15 244.41 434.10 

 MTTF [h] 9.00 10.16 8.80 

4. SUMMARY 

The reliability model of the currently manufactured combine-harvesters is represented by exponential functions. In the operation process, the failures were 
abrupt and independent of the wear and tear processes. The average duration of a machine’s serviceability was more than sixteen times longer than that 
for machines used in the 1980s. In the first year of operation, that duration was only over two times longer. Therefore, the currently manufactured combine-
harvesters need to be recognized by the user in terms of environmental forces. As regards the combine-harvesters tested during the previous period, 
reliability is best described by log-normal and Weibull functions. This demonstrates more complex causes of failures in relation to failures in modern 
combine-harvesters. The dominant forms of failures were fatigue failures, particularly those occurring in torque transmission systems. As regards modern 
combine-harvesters, the most frequently occurring failures concerned the elements related to the functional unit control systems, particularly electronic 
ones. 
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