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ABSTRACT: The paper deals with some formulations in resource assessment function for lining parts in one jaw crusher operating in a Bulgarian gold ore mine. This 
crusher is operating as a sizing crusher for full ore productivity flow in preventing oversize material fragments to fall on the belt conveyor. In critical view the reliability 
of that particular crusher influences on the overall mine productivity. Reliability calculations of that machine are based on mathematical assumptions and 
interpolations using Weibull models. The presented case reviews the modelling with two major interpolation techniques and compares them with estimated data from 
on-site exploitation. Fitting of the resource function is used in calculation of the reliability, survival and hazard functions for two main lining plates – the lining plate of a 
moving jaw and the lining plate of a stationary jaw. The research envelopment is the median regression estimation (MRE) method and the maximum likelihood 
estimation (MLE) method used for density function fitting procedures. The compared fitting procedures are implemented in OpenOffice Calc spreadsheet for MRE and 
R Studio for MLE algorithm. The fitted functions are compared in a graphical way, and there are some tables presenting the calculated parameter values. Weibull 
model functions are used to present some diagrams in which it is easy to investigate valuable survival and hazard over time. 
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ИЗВЕЖДАНЕ НА ФУНКЦИЯ НА НАДЕЖДНОСТТА ЗА ОБЛИЦОВКИТЕ НА ЧЕЛЮСТНА ТРОШАЧКА 
Петко Недялков 
Минно-геоложки университет "Св. Иван Рилски", 1700 София 

 
РЕЗЮМЕ: В работата се разглеждат постановки при определяне ресурса и надеждностната функция на облицовките на челюстна трошачка при 
експлоатационни условия на мина за добив на златна руда в България. Ресурсните изчисления засягащи надеждността обичайно използват 
математически допускания относно предполагаемият характер на математическата функцията на надеждността, от което се определя и 
интерполационният метод за извличане на самата функция. В настоящата разработка са използвани два метода за интерполация на функциите на 
надеждността чрез разпределението на Вейбул. Получени са и са изследвани са функциите на отказите, кумулативната функция на отказите, функцията 
на надеждността и функция на опасността. На базата на събраните данни са проведени няколко интерполации съгласно статистическото разпределение 
на Вейбул. Използвано е двупарметрично разпределение на Вейбул като са сравнени два интерполационни метода - с използване на неитеративна 
интерполация в OpenOffice Calc и итеративна интерполация в RStudio. Представени са резултати в графичен и функционален вид за формения и 
мащабния параметър на разпределението на Вейбул. Оценката на разпределението е проведена в графичен вид спрямо кумулативните функции на 
разпределението и плътността на вероятностите на разпределението.  
 
Ключови думи: облицовъчни плочи, износване, ресурс, челюстна трошачка, Вейбул надеждностна функция, Интерполиране на функцията на Вейбул 
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Introduction 
 

Resource calculations, reliability models and their 
calculations in complex mechanical ore processing machines 
are multifactor functions. The revealing of adequate 
mathematical models is a complex job which is usually done by 
graphical representation. Current research deals with some 
formulations in resource assessment function for lining parts in 
one jaw crusher operating in a Bulgarian gold ore mine. The 
presented method uses mathematical interpolation procedures 
in comparison with graphical presentation in reveal process. 

The jaw crusher (Minin, 2017; Minin, 2012) is a basic 
machine in first stage ore and rock breakage placed in ore 
processing and construction material disintegration. That 
crusher is operating as a sizing crusher for full ore productivity 
flow in preventing oversize material fragments to fall on the belt 
conveyor. In critical view the reliability of that particular crusher 
is influenced by the full mine productivity flow. In case of 
estimating the product performance regarding the jaw crusher, 
reliability and recourse calculations are part of its lifecycle and 

it has to be subjected to its (PLM) product lifecycle 
management system and maintenance system.  

The reliability of the machine is based on some 
mathematical idealisation and interpolations using some 
exponential, Gaussian (normal), lognormal, Weibull models 
and etc. Previous research (Minin, 2017) is focused on the 
exponential model with its own advantages and disadvantages, 
and some other researchers (Savov, 2017; Murthy, 2004; 
Dimitrov, 1994) tend to be using an improved model containing 
composite exponential function. Widely used are the Weibull 
models (Weibull 1951, Murthy 2004) in density function fitting, 
so the presented paper is focused on their application with 
regard to the reliability of jaw crusher’s lining plates.  

The presented particular case reviews the case with two 
major interpolation techniques (Delignette-Muller, 2014; Ricci, 
2005) and compares them in estimated data from on-site 
exploitation. Fitting of the resource function is used in 
calculation of the reliability, survival and hazard functions for 
two main lining plates - the lining plate of a moving jaw and the 
lining plate of a stationary jaw. 
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THEORY 
 

The reliability theory widely uses the statistical Weibull 
distribution function (Weibull, 1951) despite the fact that it uses 
heavy mathematical and software application. 

The Weibull probability distribution (density) function /pdf/ 
is defined as a three parameter function: 
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, where:  
 - 0   - shape (slope) parameter; 

 - 0   - scale parameter; 

 -  ,     - location parameter; 

, and integral (cumulative/CDF/) distribution function is: 
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Often the two parameter Weibull function is derived from a 
zeroing location parameter γ = 0 so the function looks like: 
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The survival function S(t) or reliability function is defined as 
an admission life period to exceed some time interval P(T>t) so 
the function is: 
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, and the hazard function is defined by: 
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The cumulative hazard function is: 
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or 

   lnH t S t     , (9) 

The reliability functions are defined in upward way, but the 
computational problems appear at the parameter estimation 
method about the Weibull statistics (Delignette-Muller, 2014; 
Ricci, 2005; Murphy, 2004).  

One of the easiest method is achieved by median rank 
regression estimator /MRE/ using the equation: 
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, approximated with Bernard algorithm to: 
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, where: 

 ,N number  - total number of data; 

 i  - data point ascending rank; 

After some transformations shown below: 
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, the following equation can be obtained: 
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According to these formulas a non-iterative algorithm in 
spreadsheet can be easily created as shown in the next 
section. Usually MRE algorithm is represented as values in 
Table 1 and as a graphical representation of equation (16) in 
Fig. 1. The advantage of that method is the ability of revealing 
a small amount of data, despite the fact that it is fast and has a 
simple algorithm. 

Another algorithm is the maximum likelihood estimation 
/MLE/ (Delignette-Muller, 2014) which uses a product of 
iterative logarithmic and power functions for independent and 
identical parametrical distributions /iid/ f(xi|θ), in which the 
parameters θ1, ..., θj are extracted in function maximisation for: 
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, where: 

     j  - function parameters; 

     ix  - value for variable x ; 

     n  - total count of data ix  and 

      if x   - probability density function. 

 

Parameter j  extraction uses: 
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, and about particular Weibull distribution: 
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The upper function can be simplified by using a logarithm, 

so: 
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The theoretical way is given by those formulas (14 - 18) 

and the computation way is quite complicated, with 
implementation of computational iterative algorithm 
(Delignette-Muller, 2014). 
 

Data and results 
 

The particular estimation about parameters of failure data 
for jaw crusher’s lining plates is described. The data is 
represented as the point on a lining plate changing according 
to the cumulative productivity Qint, which is easy to recalculate 
in relative productivity: 
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, respectfully in average hour productivity , /hQ t h  working 

hours are: 
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The median rank is calculated by equation (12), and the 
regression parameters according to equation (13); Fig.1 and 4 
represent the regression: 
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The survival function S(t) and the hazard function h(t) are 
calculated in Table 1 at particular points. 

Data extractions represent a real lining plate changing for 
different plates (Minin, 2017), the first extract (D1) shown in 
Table 1 is for the lining of a moving jaw, and the second extract 
(D2) shown in Table 2 is for the lining of a stationary jaw in one 
and same jaw crusher.  

The calculations shown for D1 and D2 and conducted in 
the same way with the upper formulations give different 
statistical results. Clearly, the large data (Table 2) quotation 
gave better MRE regression parameters shown on Fig.4 but 
there are still issues about the distribution fit.  

As shown on Fig. 3 and Fig. 6, the data histogram 
compared to the fitted distribution shows a difference in the 
peak height, however, some small shift differences can easily 
be neglected.  

Table 1. First data extract (D1) and MRE calculations 

 
 

 
 
Fig. 1. MRE regression for the second data extract with linear 
interpolation as shown on the diagram 

 

 
 
Fig. 2. MRE and MLE fit in comparison with empirical cumulative 
distribution function 
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Fig. 3. MRE and MLE fit with histogram for D1 

 

 
 

Fig. 4. MRE regression for D2 with linear interpolation 

 

 
 

Fig. 5. MRE and MLE fit in comparison with empirical cumulative 
distribution function for D2 

 

 
 

Fig. 6. MRE and MLE fit with histogram for D2 

The comparison between the empirical cumulative 
distribution function /ECDF/ and the estimated cumulative 
distribution function /CDF/ of fitted distributions is shown on 
Fig. 2 and 5. The particular plots represented are with 95% 
Kolmogorov - Smirnov (Ricci, 2005) distance placed in the plot.  
 
Table 2. Second data extract (D2) and MRE calculations 

 
 

Conclusions 
 

A product life cycle usually is described as "the time from 
the initial concept of a product to its withdrawal from the 
market". In the case of mechanical damage or wearing the 
withdrawal point is subordinated to a particular law of 
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quality/quantity decreasing. So far, many researchers (Murthy, 
2004; Lazov, 2010) have found that these dependences follow 
the Weibull models. In comparison with the exponential model 
(Minin, 2017) the Weibull fit uses some advantages focused on 
the reliability over the life cycle of a product. The formula 
describing the hazard function follows the time dependent 
formula (7) in distinction to the time independent exponential 
hazard function (Minin, 2017). 
 
Table 3. Parameters results 

 
 

As a particular conclusion from the research the valuated 
survival for the lining plates can be followed, as shown on Fig. 
7. Hence, the repair period has to be multiple to that value. The 
results in Table 3 give the comparison between the coefficients 
achieved through the different fit technique and the different 
data extracts. 
 

 
 
Fig. 7. Survival functions based on fitted Weibull models 

 

 
 
Fig. 8. Hazard functions based on fitted Weibull models 

 
The fitting procedures and the software instruments about 

distribution functions are in constant development. Many 

commercial software packages are widely used, and also, 
many free or under CC and GNU license are applied by the 
scientific research community. In this research, for the 
programme calculation and the graph presenting plots the 
iterative package for R Studio under GNU license is used in 
comparison with non-iterative calculation made in spreadsheet 
OpenOffice Calc.  

The acceptance of these models is considerable with the 
graphical instruments shown above. Further implementations 
should be used with numerical goodness-of-fit test. In the 
reliability research field the Kolmogorov-Smirnov test, 
Anderson-Darling test and Chi squared test are preferred. 

Some improvement in model fitting can be observed by 
increasing the data sampling in Fig. 5 in comparison to Fig. 2.  

Logically, these conclusions show that the presented 
Weibull model fit gives an account of the wearing process of 
jaw crusher’s liners with shown values in parameters 
interpolation. The results and methods should be placed in a 
modern project design methodology (Lazov, 2010; 2015) with 
periods’ account of the maintenance cycle. It is advisable to 
expand the research in other interpolation procedures and with 
different data sampling volume. 
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