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Abstract

The present paper deals with maintenance in a public transport enterprise. It contains an overview of the
implementation of the prescribed maintenance of vehicles while the main purpose is to analyse the
maintenance costs, i.e., the costs of the service process logistics. In Pareto analysis, both mileage and
maintenance costs were assessed. The maintenance costs of public transport vehicles were also analysed
according to unitation criterion.

Keywords: Maintenance, transport, Pareto

1. INTRODUCTION

In Slovakia, public transport is provided primarily by buses, trains, trolleybuses, trams and taxis. The public
transport system is particularly the most efficient due to its large capacity. The forecasts of the development
of transport in Europe for the period by 2030 is as follows: passenger transport + 40 %; freight transport by
2030: + 60 %; and motor vehicles by 2020: + 50 %. According to the latest McKinsey Global Institute's study,
despite the current depression in this industry, the number of passenger motor vehicles will double by 2030 [1].

Only the high-quality public transport may become the keystone of mobility that would also lead to the reduction
of the environmental burden. Important aspects include not only smart electronic services, general comfort,
and above-standard offer but also safety. In terms of operation safety, it is necessary to require that the means
of transport are in a perfect condition and such requirement must be of primary importance.

The technical life of a vehicle represents a numerical expression of its service life that denotes the vehicle’s
capacity to fulfil the required functions until it reaches the terminal state under the predefined system of
prescribed maintenance and repairs that are carried out within the logistics of service processes in an
enterprise. The fundamental function of maintenance and repair activities is to ensure the operational capacity
of vehicles [2]. Thus, logistics as the multi-aspect support of the technical system also ensures the
maintenance tasks [3,4].

If we depict the operation of a means of transport as an important section of its lifecycle (Figure 1), we may
present the summary of purposeful activities as a set consisting of two sections: i) a summary of maintenance
operations and ii) a summary of repair operations. The Figure 1 presents a scheme of the curves of failure
intensity, probability of a fault-free operation, and a typical development of wear of certain parts of a means of
transport in three stage of its lifecycle - break-in, normal operation, and terminal states, i.e., the run-down [5].
The ways of how a user may affect individual monitored parameters are briefly described in the figure below.

As a result of gradual replacement of obsolete vehicles with new ones, the vehicles in a single fleet are of
different ages and, therefore, there are different requirements for their maintenance and repair. Efficient
processing of the long-documented maintenance data may provide a lot of information not only on the history
of the vehicles but also on the maintenance system [6]. The fleet renewal depends primarily on the lifecycles
of the vehicles and the carrier's needs. One of the key qualitative characteristics, in terms of the theory of
renewal of the means of transport, is reliability. Progressiveness of the new systems of vehicle renewal is
based on the application of technical systems that monitor failure rates and evaluate vehicle reliability and
quality, and on controlling and implementing systems of technical diagnostics. The decisive factors of reaching

368



o Dec 3- 5% 2018, Prague, Czech Republic, EU

and maintaining high operational reliability of vehicles include the diagnostics tools, being the sources of
objective information on a real technical condition of a unit and its parts [5]. General considerations regarding
the diagnostics within the vehicle renewal systems are discussed in papers [7,8].
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Figure 1 Means of transport lifecycle stages with monitored parameters [5]

The subject of this paper is the maintenance of means of transport used in public transport. The Pareto analysis
was applied to assess the selected indicators - a number of driven kilometres and costs of maintenance of a
means of transport. The main objective of the data analysis is to improve the efficiency of maintenance as a
servicing logistic process that is closely related to increasing the reliability of the means of transport; this has
a substantial impact on the quality of the logistics system in an enterprise.

2, METHODOLOGY

Decisions made when resolving individual situations were made on the basis of the recorded data, especially
the data on their quality and amount, and the duration of the time period or the operational section of the
performance of a particular means of transport. Following the data acquisition, decisions were made on the
methods of data processing in terms of their frequency. Even with a small amount of data, the characteristics
can be identified by applying the methods like the Pareto analysis [5] which belongs to the key decision-making
tools used by maintenance manager. The Pareto analysis facilitates the identification of the main causes of
undesired events and the subsequent focusing on these causes [9]. The Pareto analysis belongs to the
analytical tools that are integrated in the concepts of maintenance management - RCM (Reliability Centred
Maintenance) and TPM (Total Productive Maintenance) [10,11]. RCM is based on increasing safety of more
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cost-effective maintenance activities and it also deals with the evaluation of the occurrence of potential causes
of equipment failures (e.g., neglected maintenance, wear, etc.). Practically, the TPM system is based on the
principle of early detection of abnormalities occurring randomly due to the equipment operation and during
professional removal of such abnormalities. Maximum amount of diagnostic and maintenance activities are
therefore transferred in the TPM from conventional maintenance departments directly to the manufacture
staff [12].

In paper [13], the Pareto diagram is applied to the control unit for vehicle repairs and maintenance. The Pareto
analysis procedure is described in more details in paper [14]. Using the Microsoft Office Excel software, Pareto
diagrams and the Lorenz curve were prepared; the curve joins the cumulative sums of percentages of the
processed data. The shape of the Lorenz curve [15] indicates the level their differences. The more a curve
looks like a line, the smaller the difference is, and vice versa. The Pareto analysis was carried out using the
data obtained from the operation - the costs spent on maintenance of the means of transport and the number
of driven kilometres for 57 types of buses while the last digit in the designations of individual bus types
represents their age in years. The average age of buses in a transport company’s bus fleet was 8 years, their
minimum age was 1 year and the maximum age was 19 years.

3. RESULTS AND DISCUSSION

Maintenance of buses of transport companies is usually carried out by a third party contractor - an external
service provider. With this regard, the key activities include the scheduled inspections and small repairs.
Scheduled maintenance of the vehicles is carried out in compliance with the instructions given by the
manufacturer of a particular vehicle type and as agreed with the servicing company that determines the
intervals between individual inspections and the activities that must be arranged within the inspection. Regular
maintenance depends on the number of driven kilometres and the corresponding period of time. All the
detected defects, failures and damage are removed immediately, if possible, or a repair is scheduled at the
earliest possible date. However, such repairs are not a part of the regular maintenance. Repairs of operational
failures are carried out instantly or they are scheduled at an earliest possible date.

Monitoring the operation of the means of transport provides new data that must be evaluated applying
appropriate methods aimed at identifying important characteristics and control parameters of maintenance,
and at supporting the decision-making processes. In order to evaluate the data obtained with regard to the
maintenance of the means of transport that are used in public transport, the Pareto analysis was applied. In
the case of a simple Pareto analysis, the monitoring was focused on the number of kilometres driven by buses
(Figure 2) and the costs of maintenance of such means of transport (Figure 3).

1,6E+06 100% 2,5E+05
90%

80% 2,0E405
70%

60%

100%
90%
80%
70%
60%

1,4E406

1,2€406

1,0E+06 1,5E+05

® R
£ g
£ soes05 so% & @ so% B
6.0E405 a0% E 1,0E405 a0% E
S ™3 * 3
4,0£405 SO 30%
|I| 20% S,0E+04 20%
2,0E405 10% -
0,0E400 ||IIIIIIIIIIIIIIIIIII..IIIIIIIIII 0% 0,0E400 0%
vlmlm]w‘m‘mlr\lrvowmmmmomv‘w[aoggv]mltww—gﬁ 4 c’|c’|°°\e':°°z°w|mm\m\ﬂ°1'\[zww'\m9§w\2£"'|Ny'-':
BSUNGSQMINMSN;]QGIXIWGOQI IDC:WEQ};‘ UGSSQIGlelsglbmmNz—J-JSGSQ:‘SQI;IEES
Type of bus Type of bus
Figure 2 Pareto diagram for the numbers of kilometres Figure 3 Pareto diagram for the costs of bus
driven by buses [own study] maintenance [own study]
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The simple Pareto analysis was applied to identify the buses, in the total number of 24 types; out of them, both
simple Pareto analyses identified 16 identical bus types as those that have the strongest impact on the logistics
costs of a transport company. In 33 % of the monitored bus types the maintenance costs represent 80 % of
the total maintenance costs.

As to the driven kilometres, 80 % of the total driven distances represent 37 % of the types of buses in the fleet.
Particular types of buses are summarised in Table 1 for individual performed analyses; the types of buses that
occur repeatedly in individual analyses are differentiated by different colours.

Table 1 Types of buses representing 80 cumulated % of selected indicators [own study]

No. € km €'km €/km

1 C2 9 C3_10 C5 4 C1.8 C2 9 - K1_18 C1.9
2 1110 C1.6 C2_6 K2_10 C5 4 - K3_11 K1_15
3 C1.9 C5 3 C5 3 13_5 C2 6 - K3_16 K3_15
4 c27 K1_15 C7.3 C1.6 c27 - 11_14 C3 9
5 C2.8 - C2.9 K3_11 C1.9 - K3_14 C2.8
6 C2 6 - c2.7 C4 5 C2_8 - S1_16 c27
7 C5 4 - C2_8 - 11_10 - C3_10 K2_10
8 K3_13 - C10_2 - K3_13 - C1_10 137
9 K3_12 - C1.9 - C2.5 - 11_10 15_7
10 13_7 - C2.5 - 13_7 - K3_12 C3_ 6
11 C1.8 - C9 2 - - - C2 9 C3_ 8
12 C2.5 - 1110 - - - K1_19 1_12
13 K3_11 - 137 - - - C1.8 12_5
14 K2_10 - K3_13 - - - K3_13 C1.6
15 C1_10 - K3_12 - - - K1_16 -

In addition to the simple Pareto analysis, also the combined Pareto analysis is typically carried out (Figure 4);
in the combined analysis, the costs of maintenance of the means of transport were multiplied by the number
of driven kilometres. This Pareto analysis identified 10 types of buses, representing 18 % of the total number
of means of transport for which the cumulative % reached the value of 80. All the types were also identified by
the performed simple Pareto analyses.
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Figure 4 Pareto diagram of the combined analysis  Figure 5 Pareto diagram for the unitation criterion
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Moreover, the Pareto analysis was carried out using the unitation criterion - the costs of maintenance of the
means of transport per 1 driven km (Figure 5). In this case, 51 % of the means of transport reached 80
cumulative %. The maximum €/km ratio identified for the K1_18 bus, i.e., the oldest vehicle, significantly
exceeded the ratios of other bus types. The reason is the minimum number of kilometres driven by this bus.

4, CONCLUSION

The Pareto analysis represents an appropriate tool for the identification of important characteristics and control
parameters of maintenance and it also supports the decision-making processes. The Pareto analysis was
applied to evaluate the numbers of driven kilometres and the costs of maintenance of the means of transport.
The costs of maintenance of the means of transport do not clearly indicate whether the given bus types are
also the ones with the highest failure rates, whether they required replacement of the most expensive parts,
or whether certain failures occurred repeatedly. Unfortunately, this transport company currently does not
perform the registration of failures of the company fleet vehicles. An appropriate solution aimed at increasing
the efficiency of maintenance, as a service logistics process, would be to extend the scope of registered
interventions with the vehicles and of the data on failure rates of the means of transport, more extensively
linked to the quality and the resulting operational characteristics. Data sources represent important tools that
support the decision-making and the reliability may be increased using the long-term data on the development
of changes in the technical condition of vehicles, failure causes, extent and types.
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