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Abstract 
The objective of this paper was to evaluate technical and economically the use of a world-class maintenance 
system (WCM) in the forest skidding operations. The study was performed in a forest company located in the 
state of Paraná, inside forest plantations of Pinus taeda and Eucalyptus grandis. For the purpose of analysis, the 
mechanical availability, hydraulic oil consumption, average time between failures, average repair time, proactive 
maintenance index and maintenance costs were evaluated during 18 months, considering the stages of 
implantation, maturation and stabilization of the WCM system. As a result, there was an increase in the 
percentage of mechanical availability and reduction of 47.0% in the consumption of hydraulic oil from Skidder 
in the maturation stage. Also, the average time between failures and repairs increased in the maturation stage, 
caused by a quality improvement of maintenance activities. Moreover, in the maturation stage there was an 
increase of 45.0% in the proactive maintenance index. Additionally, it was verified that the hourly maintenance 
cost was reduced by 8.0% between the maturation and stabilization stages, underlining the WCM system’s 
potential to improve maintenance activities in the forest skidding operation. These results show that the WCM 
system can contribute to safety in wood harvesting operations, increasing the Skidder mechanical availability 
and a reducing the production costs.  

Keywords: maintenance practices, preventive maintenance, mechanical 

1. Introduction 
In the forest sector, harvest is one of the most representative activities from the economic point of view, due to 
its representation in the product final cost and also due to the risk of loss involved in this activity (Duarte, 1994; 
Jacovine et al., 1997). Thus, increasing mechanization level of harvesting operations contributes to high 
productivity, and also improves results considering safety, environment and costs issues (Ledoux, 2010). 

In addition, during the last decades the mechanization of forest harvesting operations has evolved, encouraged by 
the opening of the market for imports. Important to realize that, by using machines and equipment with complex 
technologies, and because these operations are affected by variables such as operator training, forest conditions, 
mechanical availability and operational efficiency, it requires an efficient maintenance management model and 
specialized manpower that allow the maintenance of the expensive assets present in forest operations (Bramucci 
& Seixas, 2002; Simões & Fenner, 2010; Lopes & Pagnussat, 2017). 

In this context, mechanical maintenance represents the combination of administrative and technical activities 
required to maintain an equipment, installation and other physical assets under operating conditions while 
maintaining their activities (Muchiri et al., 2011). Kardec et al. (2002) points out that maintenance has the 
attribution of restore the original conditions of the equipment and guarantee its availability, taking into account 
the production process, with reliability, safety, environmental preservation and adequate costs. Paccola (2011) 
adds that maintenance consists of managing teams and other resources that are available in the organization and 
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 Preventive maintenance of lubrication system: revisions of oil change and filters change according the 
machine manuals or the definition of maintenance sector; 

 Failure analysis: an activity that counts on a multidisciplinary team, composed of people whit know how of 
the process and methods, with rounds of discussion searching the main cause and definitive solution of the 
problem. In addition, the failure analysis is a planned action that aims to prevent and evaluate nonconformities, 
seeking to identify the possibility that something happens outside the planned. 

 Preventive maintenance: maintenance cycle performed during eight weeks checking the equipment, where 
in each week, a series of components where revised; 

 Strategic reviews: performed during the dawn by specific teams composed of mechanics and welders. It 
occurs in an interval of approximately three weeks, where the teams visit the equipment during two days, 
performing heavy and complex works like solders. 

Regarding technical analysis, we calculated the indicators of mechanical availability, average hydraulic oil 
consumption, average time between failures, average repair time and proactive maintenance index. 

The mechanical availability is defined as the percentage of the programmed service time in which the machine is 
available to perform a certain activity, ignoring the time spent in maintenance (Rocha et al., 2009; Simones & 
Fenner, 2010; Santos et al., 2013; Lopes et al., 2016; Guedes et al., 2017) and is calculated by the expression: 

MA = (WH-MH)/WH × 100                               (1) 

Where, MA = Level of Mechanical Availability (%); WH = Working Hours; and MH = Maintenance Hours. 

The average consumption of hydraulic oil was calculated using an equation based on Simões et al. (2010); 
Nascimento et al. (2011) and Simões et al. (2014):  

HOC = MHO/H                                      (2) 

Where, HOC = Average Hydraulic Oil Consumption (liters/hour); MHO = Monthly Consumption of Hydraulic Oil 
(liters); and H = Monthly Working Hour. 

The mean time between failures (MTBF) is calculated by the relation between the total number of working hours 
available for the machine or equipment and the number of corrective maintenances performed in the period, 
obtained by the expression (Kumar et al., 1999; Braglia et al., 2012, Wienker et al., 2016): 

MTBF = AWH/CM                                   (3) 

Where, MTBF = Average Time Between Failure (hours); AWH = Available Working Hours; and CM = number 
of corrective maintenances performed. 

The mean time to repair (MTTR) is the ratio of the hours of corrective maintenance performed in relation to the 
number of corrective maintenances performed in the analyzed period, and is calculated using the following 
expression (Meng, 1995; Braglia et al., 2012): 

MTTR = HCC/CM                                   (4) 

Where, MTTR = Mean Time to Repair (hours); HCC = Hours of Corrective Maintenance; and CM = number of 
corrective maintenances performed. 

The proactive maintenance index (PI) is the ratio between the proactive maintenance time (preventive 
maintenance) and the total maintenance time in each machine or equipment, which is calculated using the 
following expression: 

PI = (PMT/TMT) × 100                                (5) 

Where, PI = Proactive Maintenance Index (%); PMT = Proactive maintenance time (hours); and TMT = Total 
maintenance time (hours). 

Regarding economic analysis, the maintenance cost for the machine was calculated considering the costs of staff, 
materials, external services and support, these are the variables that the company under study uses in its operations. 

The staff cost aggregates expenses with salaries, social charges, benefits provided by the company (such as profit 
sharing), and expenses with training and retraining of the maintenance team. The monthly total values were 
divided by the number of hours worked with the equipment studied, according to the equation: 

SC = (S + SC + B + TR)/H                              (6) 

Where, SC = Staff Cost ($/hour); S = Salaries ($); SC = Social Charges ($); B = Benefits ($); TR = trainings ($) and 
H = Monthly Working Hours. 
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The material costs refer to consumption of spare parts, water, fixed capital, warehouse management and costs of 
the purchasing sector (Equation 7): 

MC = M/H                                       (7) 

Where, MC = Material Costs ($/hour); M = Materials ($) and H = Monthly Working Hours. 

The cost of external services refers to the monthly values of contracts with outsourced companies responsible for 
services such as equipment washing, welding, oil analysis and other activities, which were then divided by the 
hours worked during the analyzed period (Equation 8). 

CES = OC/H                                       (8) 

Where, CES = Cost of External Services ($/hour); OC = Outsourced Companies ($) and H = Monthly Working 
Hours. 

Regarding the support costs, we considered like input costs with support vehicles, truck train, welding cart, and 
warehouse, which composed the following equation. 

SUC = IC/H                                      (9) 

Where, SUC = Support Cost ($/hour); IC = Input Costs and H = Monthly Working Hours. 

Then, for the total cost of maintenance, all the costs detailed above were considered together and calculated by 
the expression: 

TMC = SC + MC + CSE + CA                            (10) 

Where, TMC = Total Maintenance Cost ($/he); SC = Staff Cost ($/he); MC = Material Cost ($/he); CES = Cost of 
External Services ($/he) and SUC = Support Cost ($/he). 

For the statistical validation of the work, a completely randomized design with factorial arrangement was used, 
where three treatments with six replications were tested. The treatments represented the combination of Skidder 
machine applied to the three stages of WCM system (implantation, maturation and stabilization). Equally, for the 
MTTR, the same type of analysis was performed, however, a total of two treatments with five replications were 
applied, and the treatments represent the combination of Skidder machine applied to the two stages (maturation 
and stabilization). During the implementation period of the WCM it was not possible to collect the MTTR 
information, since the operators were still in training, in this way, we opted for the exclusion of the period so as 
not to prejudice the analysis. 

Additionally, an Analysis of Variance was applied to the obtained results. First, the variances of the treatments 
were evaluated for their homogeneity using the Bartlett test. Then, the variables whose variances were 
homogeneous had the effects of the treatments tested using the F test. Finally, when the results revealed 
statistically significant differences between treatment means, the means were compared by the Tukey’s test (p 
value < 0.05). 

3. Results and Discussion 
The WCM maintenance system was generally successful. As can be seen in Figure 2, the mechanical availability 
of Skidder increased in response to the investment made, but it was not possible to detect significant statistical 
difference between the stages (Implantation 89.8, maturation 91.5, Stabilization 90.9) by the Tukey test (p value 
< 0.05). However, this result has practical relevance, since it allows to infer that with preventive actions it is 
possible to increase the mechanical availability of the forest extraction machines. 
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4. Conclusions 
In the final analysis, the WCM system provided an increase in the mechanical availability of Skidder machine, 
indicating the possibility of increase the wood drag operation, since more hours of the machine are available for 
the operation. 

Besides, preventive maintenance proved to be fundamental for the results obtained, once allowed the realization 
of terminal re-fitting, replacement of hoses and also repairs in the ones that presented wear, thus avoiding oil 
leakage during operation. 

Regarding the MTBF, MTTR and proactive maintenance index indicators, the results were worse during the first 
stages, explained by the lack of structure in the initial months. However, in the stages of maturation and 
stabilization, the results surpassed the marks obtained in the implantation stage, showing the evolution of the 
WCM system in a short period of time. 

All things considered, the reduction of Skidder’s maintenance cost in the stabilization stage demonstrates that the 
application of preventive maintenance practices offers concrete possibilities of better financial results to the 
company by reducing its production costs. 

Also, the WCM system improved safety results in the operations, contributing to a longer machine life. 
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