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Abstract: Knowledge of the quality characteristics (reliability and maintainability) of a 
product or equipment is essential, whether it is a simple or complex system. Reliability influences 
maintenance, the lifespan of products and equipment, as well as an acceptable level of their 
security. Wear and tear on equipment and renewal are cost generators that must be managed 
efficiently. This is why emphasis is placed on a new field of investigation aimed at reducing these 
costs. This approach is primarily based on modeling the occurrence of defects over time and the 
corresponding remediation times. The paper aims to establish the reliability and maintainability 
of technological equipment, particularly those that experience a high number of failures, using 
data from a coal preparation plant in the Jiu Valley over a period of three years. 
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1. INTRODUCTION 
 

In the technological flow of the preparation plant in Coroieşti, the supply of 
hydrocyclone batteries is carried out using Warman pumps (fig. 1), having the following 
technical characteristics: 

 - flow rate 550 mc/h; 
 - discharge height 45-50 m; 
 - motor power 132 kW/0.4V; 
 - motor speed 1500 rpm. 
Over the course of three years, the operating times between failures and the 

repair times of the defects in the subassemblies of Warman pumps, which work in an 
impure and aggressive environment, were monitored. The main defects found were in 
the pump bearing (47) and the sealing gaskets (32). 
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Fig.1. Warman type centrifugal pump 

 
2. DISTRIBUTION LAWS USED IN THE STUDY OF THE 

RELIABILITY AND MAINTAINABILITY OF INDUSTRIAL 
EQUIPMENT 

 
2.1. Exponential distribution law 

 
The exponential model is used when the failure rate or intensity λ is constant, 

which, according to the “bathtub” model, begins at the end of the initial period and ends 
at the beginning of the final or old age stage, but it can also be successfully applied in 
the case of modeling the maintainability of mechanical systems, when the repair rate or 
intensity, µ, can be considered constant. 

The probability that the product will not fail in the time period (0, t) is: 
 

𝑅𝑅(𝑡𝑡; 𝜆𝜆) = exp (−𝜆𝜆 ∙ 𝑡𝑡)    (1) 
 

The average value of this distribution, namely the mean time between failures: 
 

𝑚𝑚 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 1
𝜆𝜆
    (2) 
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2.2. Normal distribution law (Gauss-Laplace) 
 

The normal law finds its applicability in the case of processes influenced by a 
large number of random factors. In reliability, the normal distribution characterizes the 
phenomena of mechanical, electrical, thermal, etc. aging of elements and systems. 

The function: 
 

𝛷𝛷(𝑢𝑢) = 1/�𝜎𝜎 ∙ √2 ∙ 𝜋𝜋� ∫ 𝑒𝑒−𝑢𝑢2/2𝑑𝑑𝑑𝑑𝑢𝑢
0    (3) 

 
is called the integral function of Laplace and u is the quantile of the Laplace function. 

The reliability function for a normal failure model is given by the relation: 
 

𝑅𝑅(𝑡𝑡;𝑚𝑚,𝜎𝜎) = 1/2 −𝛷𝛷[(𝑡𝑡 − 𝑚𝑚)/𝜎𝜎],    (4) 
 
where m and σ, the mean and the mean square deviation, respectively, are the distribution 
parameters. 
 

2.3. Log-normal distribution law (Dalton) 
 

The log-normal distribution is used to model technical systems that degrade due 
to the phenomenon of thermal fatigue. This distribution is also used in the analysis of 
technical system maintenance. 

The reliability function is: 
 

𝑅𝑅(𝑡𝑡;𝑚𝑚,𝜎𝜎) = 1
2
− 𝛷𝛷 �𝑙𝑙𝑙𝑙(𝑡𝑡−𝑚𝑚)

𝜎𝜎
�.    (5) 

 
2.4. Weibull distribution law 

 
The scope of applicability includes failure models determined by degradation 

processes such as fatigue, corrosion, diffusion or mechanical abrasion, as well as in 
phenomena regarding the strength of materials and the failure times of electronic and 
mechanical components. 

Normed biparametric Weibull distribution 
The biparametric Weibull distribution can be expressed in a more advantageous 

form by substituting the parameter λ and normalizing the time by a constant η which 
represents the real scale parameter, β being the scale parameter. 

The probability that the product will not fail in the time interval (0, t) is:  
 

𝑅𝑅(𝑡𝑡/𝜂𝜂;𝛽𝛽) = 1 − 𝐹𝐹(𝑡𝑡/𝜂𝜂;𝛽𝛽) = 𝑒𝑒𝑒𝑒𝑒𝑒�−(𝑡𝑡/𝜂𝜂)𝛽𝛽�.   (6) 
 

Three-parameter Weibull distribution 
This distribution model is a complete variant, using three parameters: β - the 

shape parameter; η - the scale parameter, or characteristic life, i.e. the life time up to 
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which 63.2% of failures will occur; γ - the minimum life span, or the location, position 
or initialization parameter. 

The reliability function, i.e. the probability that the product will not fail in the 
interval (0, t) is: 
 

𝑅𝑅(𝑡𝑡; 𝜂𝜂,𝛽𝛽, 𝛾𝛾) = 𝑒𝑒𝑒𝑒𝑒𝑒�−[(𝑡𝑡 − 𝛾𝛾)/𝜂𝜂]𝛽𝛽�.   (7) 
 

3. ESTIMATION OF QUALITY PARAMETERS FOR THE BEARING 
AND SEALS OF THE WARMAN CENTRIFUGAL PUMP 

 
3.1. Estimation of reliability parameters for the bearing 

 
The analyzed database results in the effective operating times of the bearing, 

represented by the statistical series consisting of n=47 values (ordered in ascending 
order), in operating hours, until a defect occurs: 7; 7; 7; 14; 14; 14; 14; 14; 20; 21; 21; 
26; 27; 28; 28; 29; 35; 37; 42; 44; 48; 55; 56; 63; 65; 69; 70; 72; 76; 77; 78; 79; 83; 105; 
107; 114; 118; 127; 130; 149; 160; 178; 211; 227; 347; 533; 538. 

The data thus obtained were run in the Weibull++ software, obtaining: the 
ranking of the different distribution laws (fig. 2), the adopted distribution law (fig. 3), 
the probability of acceptance of the distribution law (fig. 4). After adopting the 
distribution law, generally the one with the highest probability of acceptance was 
graphically represented: the probability of failure (fig. 5), reliability (fig. 6 and 7), 
unreliability (fig. 8), the probability density function (fig. 9) and the failure rate (fig. 10). 
 

 
Fig.2. Distribution law ranking   Fig.3. Distribution law 

 
These representations result in relatively low values of the bearing reliability, 

the probability that it will not fail after 41.7 hours of actual operation being 60% (the 
risk margin of 40% being very high), therefore we must expect that after about 5 days of 
operation (8 hours/day) of the conveyor, the bearing will fail. 
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If a reliability of 80% is imposed, which is a reasonable value in technology, the 
result is a failure-free operating time of 19.1 hours, which means that after about two 
days of operation it is necessary to intervene to repair the bearing. 
 

3.2. Estimation of reliability parameters for sealing gaskets 
 

The analyzed data, in number of 32 (operating hours, ordered ascending), are 
the following: 7; 7; 8; 14; 15; 22; 27; 28; 35; 41; 42; 44; 48; 49; 49; 50; 51; 56; 57; 63; 
64; 132; 141; 146; 161; 162; 188; 232; 273; 301; 364; 366. 
 

 
 

Fig. 4. Probability of acceptance     Fig.5. Probability of failure 
        of the distribution law 

 
 

   Fig. 6. Reliability (60%)                        Fig. 7. Reliability (80%) 
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The data thus obtained were run in the Weibull++ software, obtaining: the 
ranking of the different distribution laws (fig. 11), the adopted distribution law (fig. 12). 
After adopting the distribution law, generally the one with the highest acceptance 
probability, different reliability values were analyzed (fig. 13 and 14). 

It is observed that the probability that it will not fail after 54.8 hours of operation 
is approximately 60%, and to obtain an acceptable reliability of 80%, the operating time 
decreases to 23.6 hours of operation. 
 

3.3. Estimation of maintainability parameters for the bearing 
 

From the analyzed database, the bearing replacement times result, represented 
by the statistical series consisting of n=47 values (ordered in ascending order), in 

 
 

    Fig. 8. Unreliability   Fig. 9. Probability density function 

 
 

Fig. 10. Failure rate 
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minutes: 120; 6x180; 190; 200; 205; 2x220; 3x230; 6x240; 250; 6x260; 4x270; 2x290; 
6x300; 2x310; 320; 330; 360; 450; 840. 
 

 
 

 
 

The data thus obtained were run in the Weibull++ software, obtaining: the 
ranking of the different distribution laws (fig. 15), the adopted distribution law (fig. 16). 
After adopting the distribution law, generally the one with the highest probability of 
acceptance or graphically represented: maintainability (fig. 17 and 18) and the repair rate 
(fig. 19). 

From the analysis of the maintainability graphs, it is observed that the 
probability that the bearing will be replaced in 238 minutes is only 40%, while to have 
an 80% certainty that the bearing will be replaced, 322 minutes are needed. 
  

  
 

      Fig. 11. Distribution law ranking        Fig. 12. Distribution law 

 
 

   Fig. 13. Reliability (60%)           Fig. 14. Reliability (80%) 
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       Fig. 15. Distribution law ranking       Fig. 16. Distribution law 

 
 

Fig. 17. Maintainability (40%)       Fig. 18. Maintainability (80%) 

 
 

Fig. 19. Repair rate 
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3.4. Estimation of maintainability parameters for seals 
 

The repair times, in number of 32, for seals, ordered in ascending order, in 
minutes are: 3x30; 4x40; 7x50; 12x60; 70; 2x80; 3x100. 

The data thus obtained were run in the Weibull++ software, obtaining: the 
ranking of the different distribution laws (fig. 20), the adopted distribution law (fig. 21). 
After adopting the distribution law, generally the one with the highest probability of 
acceptance was graphically represented: maintainability (fig. 22 and 23) and repair rate 
(fig. 24). 
 

 
 

 
 

From the analysis of the maintainability graphs, it is observed that the 
probability that the seal will be replaced in 51 minutes is only 40%, while to have an 
80% certainty that the bearing will be replaced, approximately 72 minutes are needed. 

 
 

     Fig. 20. Distribution law ranking       Fig. 21. Distribution law 

 
 

   Fig. 22. Maintainability (40%)       Fig. 23. Maintainability (80%) 
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4. CONCLUSIONS 
 

The reliability and maintainability analysis conducted on the components with 
the highest failure rates, specifically the Warman pump, its bearing, and seal, reveals 
that their reduced reliability is due to improper use of the conveyor—namely, processing 
coal mixed with tailings in significant quantities and sizes, which exceed the usage 
guidelines outlined in the equipment documentation. Reducing bearing and seal 
replacement times can be achieved by adopting a preventive-maintenance strategy. 
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Fig. 24. Repair rate 


