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  This survey presents two mathematical models of preventive maintenance that take into account stochastic 
factors which influence the failure rates and working life of an entity. The models are hybrid so that they combine 
the reduction of proper operation time with failure rate. The starty point consists in idea that preventive maintenance 
is done with imperfections: it is not reduced the proper operation only but it is increased the probability of entity 
failure as much as the number of maintenance is increased.  

The target of this survey is to determine the optimal graphic of planned maintenance activities either to reduce 
the related costs or to maintain the reliability above a prescribed  minimum level.  

 

Table 1. Cycles of preventive maintenance for the wire 
rod rolling mill, based on cost minimization 

 
cr/cm 2 5 10 20 50 

N 2 6 11 16 25 
Continuous operation time elements between two planned 

interventions [hours] 
x1 8.791 11.652 14.067 16.557 20.758 
x2 6.598 6.842 8.260 9.723 12.190 
x3   5.71 6.893 8.114 10.172 
x4   5.077 6.129 7.214 9.044 
x5   4.62 5.577 6.565 8.230 
x6   5.989 5.133 6.041 7.574 
x7     4.753 5.594 7.014 
x8     4.419 5.201 6.520 
x9     4.118 4.847 6.077 
x10     3.845 4.525 5.674 
x11     5.197 4.231 5.304 
x12       3.959 4.963 
x13       3.707 4.647 
x14       3.473 4.354 
x15       3.255 4.081 
x16       4.459 3.826 
x17         3.589 
x18         3.367 
x19         3.159 
x20         2.965 
x21         2.783 
x22         2.613 
x23         2.453 
x24         2.303 
x25         3.186 

 

 
 

Table 2. Cycles of preventive maintenance for the wire rod 
rolling mill, based on limitation of failure rates 

 
cr/cm 2 5 10 20 50 

N 2 6 11 17 26 
Continuous operation time elements between two planned interventions [hours] 

x1 8.81 9.37 9.95 10.780 12.339 
x2 5.42 5.76 6.12 6.634 7.593 
x3   4.84 5.14 5.569 6.375 
x4   4.32 4.59 4.969 5.688 
x5   3.94 4.18 4.534 5.190 
x6   3.63 3.86 4.181 4.786 
x7     3.58 3.878 4.439 
x8     3.33 3.610 4.132 
x9     3.11 3.368 3.855 
x10     2.90 3.147 3.603 
x11     2.72 2.944 3.370 
x12       2.757 3.156 
x13       2.583 2.956 
x14       2.421 2.771 
x15       2.270 2.599 
x16       2.130 2.438 
x17       1.998 2.287 
x18         2.146 
x19         2.014 
x20         1.891 
x21         1.775 
x22         1.667 
x23         1.565 
x24         1.470 
x25         1.380 
x26         1.297 

 

 

From Table 1 has been ascertained that operation time elements between two successive repairs are reduced, 
except the latest time element for which is observed a certain increase. That means that it is properly to be done a 
preventive maintenance work in accordance with the entity age and, in the same time, it is advisable that latest 
planned intervention to be executed as late as possible, because the next repair work is the overhaul one. From 
technical point of view, Table 2, the operation times between two planned interventions decrease because the 
maximum admitted failure rate is reached faster with increasing the entity working life and age. 
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