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ABSTRACT 

For all products and services, the maintenance is an important aspect always to take into con-

sideration. In order to have an appropriate maintenance, not only the activities need to be well 

performed, but also the planning and the selection of the maintenance policies followed. More-

over, the current economic situation requires companies to design correctly the preservation of 

their entities for their overall competitiveness. This project details, from theoretical point of 

view, the aspects related to the management of the maintenance and later focusses in the rail-

way sector, particularising in the rolling stock. The railway transport is undoubtedly gaining im-

portance, and therefore a path to improve both the service and the useful life of the components 

is through the maintenance. Its basis and the maintenance plan are presented and a modifica-

tion in the current reprofiling schedule and strategy is carried out. This proposal is then applied 

to a real case, the freight train service between Zona Franca in Barcelona and the main work-

shops of SEAT in Martorell, analysing the wheel behaviour in the S/310 locomotives. The pro-

posal also defines a way of evaluating the generated costs of the activity in order to be able to 

compare the different strategies. To study the evolution of the wheel throughout service and 

reprofiling activities, a method is carried out based on empirical data that can be collected in 

the several inspections the wheelsets undergo during its lifecycle. Currently, technology shows 

applications in nearly all fields in society, and the railway sector is not the exception. Therefore, 

advanced systems to control the wear wheels suffer from the friction with the rail are devel-

oped, such as the flange lubricators. The concept will be introduced, as it is an interesting tech-

nology to study in the near future to verify its benefits and real application. 

 

Key words: maintenance, strategy, reprofiling, costs, railway 
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RESUM 

Per tot tipus de productes i serveis, el manteniment és un aspecte sempre a tenir en considera-

ció. Per tal de tenir un bon manteniment, no només cal que les tasques estiguin ben realitzades, 

però també cal que la planificació i les polítiques seguides siguin les adequades. A més, la situa-

ció econòmica actual exigeix a les empreses a dissenyar correctament tot allò que envolta a la 

preservació dels seus béns per tal de ser competitius. Aquest projecte detalla, des d’un punt de 

vista teòric, els aspectes relacionats amb la gestió del manteniment in posteriorment es centra 

en l’àmbit ferroviari, particularitzant en el material rodant. El transport ferroviari està prenent 

importància, i per tant una via per millorar el servei i la vida útil dels components és a través del 

manteniment. Les seves bases, juntament amb el document central, el pla de manteniment es 

presenten, i també es s’exposa una proposta de modificació de l’estratègia actual del reperfilat 

de les rodes. Aquesta proposta després s’aplica a un cas real, la línia de mercaderies entre la 

Zona Franca i la planta de SEAT a Martorell, analitzant el comportament de les rodes en les lo-

comotores S/310. La proposta també planteja una forma d’avaluar els costos generats per l’ac-

tivitat per tal de poder comparar les diferents alternatives. Per estudiar l’evolució de les rodes 

al llarg del temps, es fa servir un mètode basat en les dades empíriques que s’obtenen directa-

ment de les rodes en les diferents revisions. Actualment, la tecnologia es pot aplicar a gairebé 

tots els àmbits, i el món ferroviari no n’és una excepció. És per això que sistemes per controlar 

el desgast de les rodes estan al mercat i es desenvolupen, com ara els lubricants de pestanya. 

Aquest concepte serà introduït, ja que és una tecnologia interessant a estudiar en un futur per 

comprovar els beneficis reals que suposa.  

 

Paraules claus: manteniment, estratègia, reperfilat, costos, ferroviari 
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1 INTRODUCTION 

 CONTEXT AND MOTIVATION 

Throughout the recent years, the management related to the maintenance has increased con-

siderably due to various factors. Amongst the most significant ones, there are: the search of 

quality and security on the service, the necessity of guarantying new ways of economization of 

the related maintenance, the significance of organizational innovations related to the delegation 

and the outsourcing of maintenance services. The previous factors have been favoured by other 

contextual circumstances that have appeared such as the progress in technology and new man-

aging politics. Some examples of these circumstances are: the tendency of the companies of 

focalising on the core-competence, the delegation of non-critical procedures to third parties, 

the availability of ICT (information and communication technologies) that permit a certain “re-

motization” of some maintenance activities and the opportunity of new technologies for the 

diagnosis and the automatization, which allow a rise in the grade of intelligent maintenance, 

limiting higher operational aspects. Moreover, there has also been a development in the way of 

organizing the maintenance services, which make a review of the traditional maintenance model 

an important exercise to make. As in many subjects related to company decisions, it is crucial to 

evaluate, in addition to the visible costs, the “hidden” costs that affect the equipment through 

its entire circle of life. 

On the other hand, the actual situation of competitiveness from a worldwide point of view puts 

strong pressures on production and service firms to achieve a continuous reduction of costs, 

while eliminating unused services or superfluous costs. Nowadays the control of the hidden or 

induced costs derived from the unavailability of assets is important. In fact, the ratio between 

the induced costs (those that depend on the inefficiency of the maintenance) and the direct 

costs (those that depend directly on the maintenance activity) is significant in many industrial 

situations. 

On the near future, the maintenance will be focused on a more preventive discipline instead of 

a discipline centred on the reparation. Moreover, companies will also need to demonstrate that 

they are in possession of the necessary resources in a profitable manner, up to a certain type of 

maintenance. This implies a thorough evaluation to be able to determine until which point of 

maintenance it is worth investing and up to what extent. 

Another important aspect to consider for the management of the maintenance in a near future, 

is the possible developments, and therefore investment, of alternative methods related to sus-

tainability and conservation instead of pure consumerism. This new role of the maintenance will 
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also be a crucial factor related to the competitiveness of an enterprise. It is possible for clients 

to have different perceptions of a firm if they know which type of management they follow. 

Besides, this new role will also be decisive for the firms themselves as a correct planning will 

contribute in achieving the different objectives in an improved and more efficient way. 

From the various sectors in which maintenance plays an important role, railway transport is one 

of them and generally people may not consider it as crucial as it really is. The maintenance, even 

though completely necessary, has large costs as the useful life of the vehicles and the infrastruc-

ture is significantly lengthy, and a modification in the maintenance process can mean large eco-

nomic saving for the companies.  Moreover, implementing new technology and modern systems 

can also involve significant progress in the overall functioning. 

 OBJECTIVES 

This project intends to understand the management of the maintenance from a theoretical point 

of view. Comprehend the main steps a company needs to follow in order to plan correctly the 

maintenance activity, define different maintenance policies and describe which are the primary 

costs involved in its budget and functioning. As the railway field will be studied, the structure of 

its maintenance plans will be presented and a maintenance proposal modification of one of its 

vital components will be carried out. The railway sector has two main parts, the rolling stock and 

the infrastructure, the part studied will be the rolling stock. The component considered will be 

the wheelset as it is crucial for the functioning of the transport. The analysis will be centred in 

evaluating if an adjustment in the reprofiling activities frequency may lead to an economical 

saving for the maintenance company in charge of the service. As technology is a reality everyone 

faces every day, it is also interesting to study and present alternatives to the current way of 

operating. Therefore, an alternative, through a lubricating system will be presented, again from 

a theoretical point of view, as it may be a subject of study in a near future for some railway 

operators. 

 METHODOLOGY 

Initially, the most relevant aspects related to the maintenance are detailed from a theoretical 

and generic perspective: its importance, the way of planning it, the basic policies and the derived 

costs, amongst other. When presenting the railway field, a description of its essential parts to-

gether with the description of the maintenance in the sector is done.  The wheelset will be the 

component particularly studied and an analysis between two sorts of reprofiling (economical 

and regular) will be performed. Finally, the flange lubricator system will be introduced outlining 

the major features to consider if this idea was to be implemented. 
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2 SIGNIFICANCE OF THE MAINTENANCE 

Throughout the last years, the philosophy around the maintenance has changed significantly, 

suggesting for the maintenance a more complex and sophisticated role. Therefore, the mainte-

nance has transformed in terms of mission from a repairing activity to a much more complex 

system of management oriented not only to the repairing activities themselves, but also to the 

prevention of the failures and to the constant improvement of the service provided.  

On the whole, the task of the maintenance is to cooperate throughout all the life cycle of the 

entity, from its conception until its disposal, with the objective of continuously improving the 

operational availability of the entity while keeping the total costs up to some limits. 

 

 OBJECTIVES OF THE MAINTENANCE 

The main two tasks of the maintenance are the improvement of the operational availability and 

the control of costs. However, need some clear and specific objectives to be materialised. Even 

though the objectives of each maintenance plan might differ from one to another, from a gen-

eral point of view it is possible to define 9 strategic objectives that are the most important ones 

(Furlanetto et al., 2006): 

2.1.1 CONTINUOUS IMPROVEMENT OF THE RELIABILITY 

As a general rule, the reliability characteristics of the maintenance plant are normally de-

fined on the planning and construction phase. Several elements have both positive and neg-

ative roles related to the reliability: quality of the design, quality of the materials, and quality 

of the processing of components, amongst others. These elements have a relevant impact 

on the overall costs and when taking the decision of acquiring them or not, it is necessary to 

consider their cost and the reliability throughout their lifetime.  

Once the materials and the machinery have been acquired, it is necessary to have a proac-

tive point of view for what regards the reliability. This means that the company needs to 

follow some control activities that also contribute in improving the reliability. Amongst the 

most important ones there are the following: 

 Maintenance of the operational and environmental conditions adopted on the planning 

phase. It is essential to be sure that the works defined by the manufacturer are followed 

throughout the lifetime of the entity. These activities are normally simple but they play 

a crucial role in the overall functioning of the maintenance system. Even though they do 
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not improve directly the reliability of the system, they maintain the initial standard lev-

els. 

 Record of failure data and of failure rates. These activities are important for the results 

they provide to the system. They are used to detect where it is necessary to implement 

certain measures and later see what results should be expected. For what refers to the 

failure rates, it is also interesting to know their value in order to study its tendency and 

determine if the modifications have been useful. For these tasks it is usual to use mainte-

nance software as they allow a quick compilation and manipulation of the information 

and help interpreting the data in different ways. 

2.1.2 CONTINUOUS IMPROVEMENT IN THE MAINTAINABILITY 

The maintainability depends on several factors: failure diagnosis time, logistic time, repara-

tion time. Each of them depend on other aspects that are normally independent between 

them: professional expertise of the workers, design of the plant, means of internal commu-

nication, provision time and others more related to the machinery itself. Therefore, manag-

ing to improve the maintainability allows to achieve more easily the expected values of op-

erational availability that it is more difficult to reach uniquely with reliability improvements. 

2.1.3 CONTINUOUS IMPROVEMENT IN THE GLOBAL EFFICIENCY 

With the efficiency it is vital to have a global point of view instead of a sectorial point of 

view. It is preferable to have an overall efficient system instead of efficient sections that are 

incompatible between them. Having an integrated view related to the efficiency leads to the 

search of the optimization of the productive capability of the whole maintenance facility. 

Moreover, the efficiency is linked with the final results and having an efficient system not 

only provides a better outcome, but also normally means a reduction of costs.  

The global efficiency is generally evaluated with the Overall Equipment Effectiveness indica-

tor (OEE), which is used to analyse the results of the different activities to increase the global 

efficiency of the machinery or the facility. 

2.1.4 PRESERVATION OF THE PLANT’S PATRIMONY 

The maintenance can have noticeable consequences on the lifetime of the entity, positive 

or negatively speaking. All the facility is planned according to some conditions and to its 

lifetime. Consequently, if the conditions, the policies and the activities are not done as pro-

grammed the reliability of the system and the lifetime of several entities can be affected. 

Instead, if these are followed according to the initial project, always considering that this 
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one has been made properly, not only will the lifetime of many elements be the expected, 

but also it will be easier to detect possible errors in the initial programming that will con-

tribute to achieve the maintenance objectives. 

2.1.5 OPTIMIZATION OF THE MAINTENANCE COSTS 

One of the most important points in the management of the maintenance is the control of 

the total costs within some limits in order to obtain benefits from the activities. Neverthe-

less, it is important to have a realistic view of the costs and do not try constantly to reduce 

them. In many cases, an excessive reduction of some costs may generate other expenses 

that may even have a negative impact on the total costs. Generally when reducing exces-

sively the direct costs of the maintenance induced costs appear in order to correct the inef-

ficiency of the system. 

In order to keep the costs within some limits the best way is to follow a predictive or an on-

condition maintenance policy. These policies have a high degree of programming and sched-

uling what makes it easier to know when and how are the maintenance activities to be done, 

allowing an optimization of the resources. 

2.1.6 IMPROVEMENT IN THE STABILITY OF THE PROCESS 

Broadly speaking, a maintenance system characterized by a correct and stable process, with 

few alterations or anomalies, will have a higher probability of generating products and ser-

vices according to the standards and the initial objectives. On the other hand, if the process 

is more unstable, the products will suffer more imperfections and the overall service will not 

meet the expected standards frequently. Therefore, the maintenance is also oriented to 

consolidate the stability of the process in order to provide guarantee to quality of the prod-

uct or service. 

2.1.7 IMPROVEMENT OF THE SAFETY AND THE ENVIRONMENTAL PROTECTION 

The maintenance has a strong relationship with the security of the facility, and thus it is 

necessary to: 

 Report and analyse the situations of higher risk for workers, the whole facility and the 

environment. 

 Prepare and execute inspection programs to reduce the probability of any sort of harm 

to the workers, the facility or the environment. 

 Implement preventive and on-condition maintenance plans. 
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The objective of a management policy of the security is to evaluate the risks, follow cor-

rectly the preventive plans, control and remove the possible hazards in order to maintain 

always the maintenance plant in the safest conditions. The main tasks that the maintenance 

need to assume to ensure adequate levels of safety are the following: 

 Define diagnosis and reparation procedures that reduce the risk of harm for the work-

ers during the course of their duties. 

 Make sure that all the safety devices work correctly in all the different instruments 

used in the maintenance activities in order to avoid harm to safety problems with both 

workers and the facility itself. 

 Cooperate with the other enterprise departments to elaborate together prevention 

plans and evaluate common safety issues. 

2.1.8 IMPROVEMENT IN THE PLANNING OF THE TASKS 

If the different tasks are well programed, they may provide efficiency and effectiveness to 

the whole system, which are two key factors to accomplish the firm’s objectives. As all the 

activities need resources, it is necessary to design a maintenance plan in which these are 

used in an optimized way obtaining the best possible outcome. Initially an analysis of the 

different tasks is done in order to define the different phases, working methods, instru-

ments, communication systems,… Once the tasks have been analysed, it is necessary to de-

cide the management of the necessary resources for their execution. As there are several 

levels of planning, it is basic to focus it for each group of activities in order to manage ade-

quately their resources. 

2.1.9 CONTINUOUS IMPROVEMENT OF THE PROFESSIONAL SKILLS. 

The workers constitute a strategic asset and evidently it is not possible to have a competent 

management of the maintenance if the workers do not have the adequate professional 

skills. Particularly, the human resources must satisfy the needs of the current technological 

progress to be able to provide a competent service. Nowadays there are many develop-

ments in technology and machinery, therefore, the degree of exigency and knowledge de-

manded for the workers is higher. Providing the workers with the necessary skills to adapt 

to the new circumstances will report positive effects to the company. Moreover, it is also 

necessary to define correctly the expected competencies that are both technical and hu-

man. The first one to undergo correctly the tasks and the second one to stimulate a more 

integrated work within the system. 
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3 PLANNING, PROGRAMMING AND SCHEDULING OF THE 

MAINTENANCE 

 THE PROCESS OF PLANNING 

As in all other fields in a company or firm, the maintenance must be an activity planned by a 

professional team who know what steps need to be taken and which aspects are relevant for 

each step. This means that projecting the maintenance system must follow a long-term planning 

based on the available resources and the budget. This planning process, which can be elaborated 

for the use of the company’s own resources, or for third-party resources, consists of 4 stages: 

Maintenance Business Plan (MBP), aggregated programming, scheduling and execution and 

evaluation. 

3.1.1 MBP – MAINTENANCE BUSINESS PLAN 

The maintenance business plan is a document comprised inside the business plan of the 

company, that considers all the different activities developed by the company, focused in 

the multi-year planning of the maintenance. Thus, the MBP is a document that synthesises 

the strategic planning of the company. This document contains the following: 

 The different lines of management related to the competitive strategy to a corpo-

rate level and to an Elementary Productive Unit level. The Elementary Product Unit 

is the main unit the company uses to define its activity. 

 The actions to execute in order to achieve the several strategic objectives proposed. 

 The evolution of the Key Value Drivers. Key Value Drivers are anything (materialistic 

or not) that can be added to a product that increase its value to consumers. In a 

more business perspective. In other words, key value drivers are entities that in-

crease the value of a product or service by improving the perception of the item and 

essentially providing a competitive advantage. 

 The principal risk factors to consider related to the defined objectives. 

Regarding the maintenance business plan, its basic requirements are: 

 Financial sustainability evaluated in relationship to the quality and the quantity of 

the financial sources that are expected to be used to accomplish the strategic ob-

jectives. 

 Coherence of the proposed plans and a consequent compatibility of the following: 

o Strategic objectives 

o Planning actions 
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o Timing proposed 

o Actual and expected resources 

o Risk factors 

Overall, the main aim of the plan is to indicate clearly the actions that need to carried out 

to reach the strategic objectives in the best possible way. 

3.1.2 AGGREGATED PROGRAMMING 

The aggregated programming is an intermediate phase between the long-term planning and 

the proper scheduling of the different activities. This phase typically has a temporal horizon 

of one year, and it is normally elaborated together with the development of the annual 

budget. Its objective is to define the maintenance intervention planning and to organise the 

use of the different resources the company has to fulfil the techno-economic requirements. 

In the elaboration of such phase, companies usually work with informative support in order 

to be able to simulate different situations and/or the alteration of certain parameters. This 

helps firms to evaluate the various outcoming results and decide the best way to handle the 

resources. 

In this stage, there are some basic aspects that are intended to be answered: 

 Temporal availability of the necessary resources to satisfy the maintenance at the 

minimum cost 

 “Replanning” of the cadence incompatible with the available resources 

 Highlight of all the corporate functions concerned with the tasks that compete with 

each other to reach the objectives  

This programming is nourished of various firm processes that need to be implemented in a 

punctual and coordinated mode considering always the appearance of costs, for example: 

 Maintenance variables 

 Extraordinary maintenance 

 Maintaining the stock of spare parts 

 Stock-out 

 Supply and provision of materials 
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3.1.3 SCHEDULING 

The scheduling, also known as the operative programming, is a phase designed to coordi-

nate all the activities with respect to the saturation demand, availability and priority in order 

to maximise the level of service, while interfering the least possible with the production 

plans. Overall, it is a phase aimed to fix a starting date/time/moment for the execution of 

the maintenance activity or activities. In this stage, it is necessary to differentiate between 

activities that must occur together from those that are independent from each other. Now-

adays, one of the main objectives this programming tends to achieve is a maximum coordi-

nation between production and maintenance programming. If accomplished, companies are 

able to use in an optimal way the space or the service itself, depending on the business 

activity considered. 

3.1.3.1 ACTIVITIES FOR THE PREPARATION OF THE SCHEDULING 

To elaborate correctly the operative programming, it is necessary to be in disposition of 

all the data related to the different activities the company is considering. As for what 

regards to maintenance, it is basic to know the following: jobs involved, requested num-

ber of workers and the requested time for each activity. To determine the requested 

time for the different maintenance activities it is essential to know standard values for 

each activity. These standard values can be obtained empirically or scientifically. 

 

Standard

Empirical 
methods

Estimation

Historical data

Scientific 
methods

Chronometric

UMS

Figure 1: Methods to determine the standard time values for the maintenance activties 
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 Empirical methods: 

o Estimation method: the estimation method is the most used empirical 

method. It is based on defining the probable time needed to accomplish the 

expected work based on the knowledge and experience of the worker. 

Trusting this method means accepting a continuous fluctuation of the de-

termination of these time values what makes it partially difficult to evaluate 

efficiency. 

o Historical data method: this method is an improvement of the estimation 

method based on analysing similar activities and embrace them in a same 

group to obtain a mean value as the standard time. The main disadvantage 

of this method is the necessity of having a long-term database. However, it 

is really useful when dealing with general activities instead of more specific 

activities. 

 Scientific methods: 

o Chronometric method: simple method based on timing individually the sev-

eral maintenance activities that need to be done throughout the mainte-

nance process in order to obtain a mean value.  

o UMS method: the UMS method (Universal Maintenance Standard) is based 

on different estimations which are obtained with the elaboration of the 

MTM (motion time measurement). 

3.1.3.2 METHODS FOR THE ELABORATION OF THE SCHEDULE 

As in all short-term period plans, the elaboration of the scheduling is based on finding a 

solution to the combination problem the activities suppose altogether. The most used 

techniques are: 

 Gantt charts: charts that illustrate the start and finish dates or times of the different 

activities within a project. These activities are divided into terminal and summary 

elements which comprise the work breakdown structure of the project 

 PERT diagram: Program evaluation and Review Technique (PERT) is a statistical 

method to analyse the involved tasks in completing a given project, especially the 

time needed to complete each task. It consists on calculating immediately the re-

percussion in the duration of the project if some activities take longer to be com-

pleted. The PERT method is appropriate for projects formed by a group of activities 

between which there is a temporal relationship between them. With this method, 
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it is easy to identify the minimum time of execution of the project that matches with 

the critical path. Some of the activities within the critical path, which are known as 

critical activities, are those that need to be treated with the most importance as 

they affect the overall process. 

Related to the PERT method, there are some fundamental steps for its execution: 

o Analysis and definition of all the activities  

o Determination of the time relationship between activities 

o Evaluation of the overall duration of the project 

 

 

 EXECUTION AND FINAL ACCOUNTING 

The execution and the final accounting comprise the final phases of the planning process and 

have as a temporal horizon, the moment in which the maintenance activity is carried out. 

Figure 2: Basic scheme of a PERT diagram 
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3.2.1 EXECUTION 

This stage can be defined as the moment in which the maintenance activity finally takes 

place. Production personnel, maintenance personnel or third-parties personnel can make 

the related activities: 

 Production personnel: when the same workers are in charge of keeping the machin-

ery or service in its optimal state. Normally in this cases the type of activities are of 

minor complexity, as the operational personnel do not have the sufficient 

knowledge to execute certain activities. This sort of maintenance is commonly 

known as “automaintenance”. 

 Maintenance personnel: when specialised workers in maintenance execute the ac-

tivities. The nature of these activities is generally more complex, and therefore, re-

quire a higher degree of knowledge and expertise. Structured procedures are fol-

lowed consisting on: diagnosis, assignment of the activities and coordination, 

withdrawal of the needed materials, execution of the activity, advanced control and 

finally the evaluation of the results. 

 Third-parties: type of management based on delegating some activities to special-

ised companies on maintenance services. This alternative is normally done when the 

activity concerned has little or no relationship with the main production of the com-

pany. As an example, we have cleaning services in charge of cleaning companies or 

properties where the normal activities are carried out. The main advantage of this 

situation is that the hiring company is not in charge of having the different provisions 

or materials required for the difficult activities. Moreover, the company can be par-

tially excluded of some responsibility if problems related exclusively to the third-

party enterprise’s work appear. Nevertheless, when delegating some work, the 

deadlines now depend on the contracted firm and no longer to the main one. 

3.2.2 EVALUATION 

The evaluation consists on the last step of the management process and represents the end 

of the operational activities consisting on executing an objective evaluation of both the ef-

ficiency and the effectiveness of the maintenance activities. All the maintenance works 

must be evaluated through constant reviews and periodic verification of the state of all the 

works, analysing both the economical and the technical aspects. 
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 Economical evaluation: the main phases of the economical evaluation are: verifica-

tion of the evolution of the single activities, the postponement of the underesti-

mated budgets, the correct charges to the beneficiary centres and the transfer of 

data for the invoicing to the third-party companies. The intention of this stage is to 

help the company to improve its previsions on how and where to assign the eco-

nomical resources. 

 Technical evaluation: this final step is to evaluate the functioning of the different 

machinery and equipment used for the maintenance activities. It is done to decide 

if the works conferred are the most recommended both for the final result and for 

the equipment itself. Moreover, this evaluation helps finding out if due to a bad 

maintenance of the different devices, more general maintenance needs to be done. 

It is possible that if a certain machine is not correctly maintained, it will have some 

negative consequences on the perpetuation activity entrusted. 
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4 ORGANIZATION OF THE MAINTENANCE 

 THE ORGANIZATIONAL PROJECT 

The maintenance in a firm or company must be planned in order to satisfy some strategic objec-

tives, which are the ones defined in the mission of the firm. The different tasks of the mainte-

nance will be synthesised beneath. These are the basic and crucial tasks that all maintenance 

plans need to fulfil and the failure of accomplishing any of them may be the root of further 

problems: 

 Ensure to the production the timeliness of all the maintenance operations or of the re-

pair works whenever severe problems or deficiencies appear. 

 Foresee any possible issues in order to extend the operation availability of the organi-

zation. 

 Ensure to the organization the safeguard and the valorisation of the maintenance plant’s 

patrimony. 

 Work regularly under constant tension focused on the efficiency while being aware of 

the current situation and compatibility cost-market. 

The previous objectives oblige the company to work simultaneously on two separate levels. The 

first one refers to the continuous search of the optimal maintenance results through analysed 

and thoughtful decisions. Always before making a decision that may alter considerably the in-

ternal functioning of the maintenance plan and plant, it is necessary to study the possible con-

sequences and the expected benefits to be sure it will be favourable. The second level of work 

concerns the selection and the individualisation of the adequate organizational tool to assure 

the operability according to the projective decisions made. The existence of these two working 

levels clearly show that all maintenance systems must be well designed and planned. Therefore, 

the planning of the maintenance follows two parallel paths of two different natures: one theo-

retical and the other organizational.  

 

 PROJECTING CRITERIA OF THE MAINTENANCE’S ORGANIZATION 

The most proper way to define the correct organizational form is that that starts from the vari-

ous processes and activities that are present in the global process of maintenance. The repre-

sentation of the processes normally helps in suggesting the basis of the organizational structure. 

These primary processes are shown in the following table (Table1). 
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Table 1: Main processes in maintenance 

 

From the previous diagram, some of the processes shown, though connected with the global 

maintenance process, normally depend on other corporate functions. Specifically: 

 The IT services related with the maintenance are normally competency of who manages 

all the IT services of the firm 

 The human resources for the maintenance are generally provided by the personnel ser-

vice of the whole company, this means that the maintenance department usually does 

not hire in an independent way 

 The management to third parties, understood essentially as contractual, is administered 

by the purchasing/procurement department 

 The Maintenance Business Plan is part of the general business plan, the implementation 

of which contributes to the whole firm. 

All the other activities refer to the maintenance as an organizational matter. The design of the 

maintenance organization is carried out analysing the before-mentioned tasks in order to define 

the organizational containers, which will constitute the cell of the organization, based on differ-

ent criteria defined in referenced organizational models and business strategies. Three main cri-

teria are used: organizational aggregation of processes and neighbouring activities, organiza-

tional aggregation of homogeneous activities, development of flat structures within the system. 

 

STRATEGICAL

• Elaboration of the 
Maintenance 
Business Plan

• Operational 
projectation of the 
maintenance 
(management system, 
preventive 
maintenance plan, 
general policies)

OPERATIONAL

• Budgeting and outlay

• Programming of steps 
and scheduling

• Execution of tasks and 
of the designed 
maintenance

• Promt intervention

• Budget and 
performance control

• Constant 
improvement of the 
service

• Timely technical 
analysis

SUPPORTING

• Management of IT 
services

• Management of 
human resources

• Management to third 
parties

• Management of 
materials
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4.2.1 ORGANIZATIONAL AGGREGATION OF PROCESSES AND NEIGHBOURING 

ACTIVITIES 

This criterion is based on including in the same organizational container activities that go 

one after the other to ease the management of the processes. This criterion is also used to 

confer the responsibility of these related activities to a unique managing entity. This plan-

ning approach consists on obtaining the benefits of a coordinated management of all the 

intermediate steps, and in a whole, favouring the shortening of the general processes time. 

4.2.2 ORGANIZATIONAL AGGREGATION OF HOMOGENEOUS ACTIVITIES 

The maintenance activities, even though belonging to neighbouring processes, may be of 

various natures. This means that the maintenance is made of a set of highly specialised ac-

tivities. Therefore, it is always recommended to create organizations that enhance these 

professional specifications. These groups are useful to shape the critical masses of 

knowledge development. The focalization represent an important business advantage and 

it must be pursued as a founding value. 

4.2.3 DEVELOPMENT OF FLAT STRUCTURES WITHIN THE SYSTEM 

It is necessary to remember that the maintenance is a strong environment with an estab-

lished technical culture. It is generally known that the presence of hierarchy levels is neces-

sary in all type of organization. Nevertheless, they are even more important in those with 

widespread and high expertise of resources where the hierarchy links must be clearly de-

fined to develop a slender structure. Amongst the main characteristics of flat structure we 

have: existence of few hierarchic levels that require of a constant and effective coordination; 

development of the leadership role based on the professionalism; transversal and struc-

tured relationships between members; high organizational flexibility. 

 

 ORGANIZATIONAL MACROSTRUCTURE OF THE MAINTENANCE 

The diagram previously presented can be simplified in a way that two main organizational 

macro-areas are defined: the macro-area of the operational maintenance and the macro-area 

of the maintenance engineering.  

The macro-area of the operational maintenance includes the areas of: 

 Planning, programing and job scheduling 

 Inspection and technical diagnosis 
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 Maintenance departments 

 Management control and performance 

 Management of technical materials 

 The macro-area of the maintenance includes the areas of: 

 Design of the maintenance 

 Continuous improvement of the maintenance 

 Normalization and standardization of the achieved improvements 

    : Area of the operational maintenance 

     : Area of the maintenance engineering 

As it is noticeable in the simplification of the whole process, the different macro-areas are 

strongly integrated although they are clearly different. The most recent knowledge and experi-

ence in the mater of organizational management leads to consider the distinction of processes 

and areas as an important agent of success. The reason is that this separation helps clarifying 

and defining the mutual responsibilities while enhancing the focus to their particular activities 

for each area. From an organizational point of view is therefore appropriate to refer separately 

to both macro-areas, the organizational and the engineering. However, it is worth pointing that 

a unique and perfect organizational model does not exist, this will clearly depend on the partic-

ular situation of the company, the type of process it follows, the corporate values,… In other 

words, the mentioned organizational schemes are to be considered as general simplifications of 

possible organizational models that need to be analysed for each particular circumstance in their 

overall congruence. 

 

 ORGANIZATION OF THE OPERATIONAL MAINTENANCE 

A possible way to show the operation maintenance organization, in its simplest way is the one 

represented in the following figure (Figure 4). The process of the operational maintenance im-

plies the complete coordination of the organizational areas represented, which may depend on 

various functions. A clear example is that of the management of the materials that often de-

pends of the logistics function or even of other organizational structures. Also the area of the 

Desing Programing
Inspection 
and work

Technical 
materials

Control Improvement

Figure 3: Simplification of the maintenance macroprocesses 
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technical diagnosis is normally associated with other organizational functions, and the same 

happens with the area of control, commonly included in the industrial engineering or the indus-

trial design area. Therefore, the scheme of figure (Figure 4) is the organizational transposition 

of the macro-process of the maintenance in its simplest form. Inside, the maintenance depart-

ment is conceived as a proper organizational structure, distinguishing the traditional profes-

sions. This solution is commonly used in small or medium firms where the departments are not 

only considered the place where the machinery is repaired, but also resource collection facilities 

where the different activities are analysed. 

For big industrial buildings this allocation centrality of the operational resources ends up losing 

its validity. Certainly, when a certain degree of development in the company size the logistic 

complexity imposes to the maintenance department to segment into peripheral structures fo-

cussed in the management of the different jobs. When this occurs, they are named “Mainte-

nance Areas”. 

 

 DUTIES OF THE MAIN AREAS OF THE OPERATIONAL MAINTENANCE 

Management of the operational maintenance: this area is in charge of the general coordination 

of the operational activities. Consequently, it is responsible of the management of the technical 

material and of the programming of the several control works within the maintenance system. 

This coordination needs not to be expressed in terms of direct intervention on the activities, but 

as a continuous orientation to lead the organizational functions towards the achievement of the 

overall objectives of the operational maintenance. Of the several responsibilities this area has, 

the main ones are: 

Management of the 
operational maintenance

Control

•Budget

•Performance

Design and programming 
of the activities

•Steps and stops

•Routinary maintenance

Technical diagnosis

•Machinery 

•Critical paths

•Law control

Management of the 
materials

•Physical inventory

•Stock accounting

Maintenance 
departments

•Mechanical and 
carpenter

•Electrical

•Instrumental

•Construction

Figure 4: Main areas of the operational maintennce 
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 Achievement of the objectives regarding the improvement in efficiency and effec-

tiveness. 

 Direct coordination between activities. 

 Budget management. 

 Creation and development of the security policies. 

 Supervision of the indicators. 

 Assistance to other business fields 

Technical diagnosis: this area has the mission of performing periodically and/or occasionally, 

with the adequate tools, examination activities of the different machinery and appliances in the 

maintenance plant. These activities are designed to track the functioning and the degradation 

of the devices and to ensure that they fulfil with their corresponding regulations. The main re-

sponsibilities of this area are: 

 Management and design of the inspection scheduling. 

 Design and execution of the inspection activities. 

 Reading of the results and preparation of reports. 

 Management and control of the inspection tools. 

 Assistance to other business fields. 

Maintenance area: the role of this department is to carry out the different tasks described in 

the maintenance programming together with those of prompt intervention ones defined in the 

preparation phase and all the activities related to the security in the working area. Moreover, 

this business sector also focusses on improving the efficiency and the effectiveness of the activ-

ities while seeking to optimize the resources and providing a better service. Ideally this is ob-

tained reducing the operation times and increasing the punctuality in their execution. In a whole, 

its main responsibilities are: 

 Execution of the maintenance activities. 

 Efficiency control of the working teams. 

 Technical analysis of the expenses. 

 Methodological and security training. 

 Control of the application of the different security regulations. 

 Control of the activities ordered to third parties. 

 Primary responsibility of the repair times. 

 Assistance to other business fields. 
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Task programming area: the main role of this area is to elaborate reasonable and feasible task 

programs based on the material and the human resources the company has according to the 

indications of the production unit. Follow these indications is necessary in order to be able to 

provide the maintenance department with the appropriate guidelines of how the activities need 

to be done. Therefore, the main responsibilities of this area are: 

 Foreseeing of tasks 

 Preparation of activities. 

 Creation of a feasible maintenance program. 

 Analyzation of the differences between programming and the real execution. 

Control: its duty is to supervise, supported by the information system, the technical and the 

economical results of the maintenance activities. For this reason, this is an area closely linked 

with the budget elaboration and control. It is necessary to provide each area with detailed in-

formation of the cost and composition of the related activities. The major responsibilities of the 

area are: 

 Elaboration of data and budget control. 

 Elaboration of data and indicator control. 

 Administrative audit of the operational activities. 

 Regular display of reports. 

Management of the materials: the role of this area is to analyse when and where are the mate-

rials needed in order to design the phases related to the purchasing, the arrival and the distri-

bution of the maintenance materials in the best possible way. This area has responsibilities of 

two main matters, physical and technical. 

 Control the arrival of the materials. 

 Distribution of the materials. 

 Preservation of the materials. 

 Codification and normalization of the maintenance items. 

 Inventory control. 

 Assistance to other business fields in order to optimize and regulate the resources 

needed. 
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5 CENTRALIZATION, DECENTRALIZATION AND OUTSOURCING OF THE 

MAINTENANCE ACTIVITIES 

With reference to the centralization and the decentralization in the management of the mainte-

nance activities, it is possible to differentiate to different levels depending according to the or-

ganizational dependence and the location of the main support resources.  

 ORGANIZATIONAL CENTRALIZATION 

This sort of centralization is discussed when the peripheral structures, corresponding to the dif-

ferent operational productive areas, depend of a central management direction that regroups 

them. The chief operator is in charge of the various processes, the logistics and the production 

quality, receiving the maintenance services directly from the head of maintenance. When a firm 

has several departments that need maintenance services, with this centralization all of them 

obey to one same entity, the Head of Maintenance.  

 

 ORGANIZATIONAL DECENTRALIZATION 

In this case, the figure of the Head of Maintenance does not exist. Therefore, for each depart-

ment, the chief operator must chose its own maintenance team and decide the different activi-

ties to be executed, their design and management.  

Companies that have chosen an organizational development aimed to empower significantly the 

different production units on the overall operating result, normally adopt this solution. Under 

such orientation, they choose the most adequate path for the organic inclusion of the mainte-

nance area as a response of conferring to the production units a broad control of the mainte-

nance decisions. An important positive aspect of this organizational option is given by the fact 

that a maintenance area or structure included organically in a production unit, helps in creating 

a proper maintenance culture for all the workers, whereas a more centralized option tends to 

distance the different operating departments. In these circumstances, the development of the 

self-maintenance becomes easier and more feasible. 

It is also possible to define a matriarchal option where the hierarchical dependence from the 

Head of Maintenance is accompanied by a functional dependence from the chief operator, or 

vice versa. This is normally used to be able to adapt properly the works for each department or, 

in a larger extent, factory. 
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 CENTRALIZATION OF THE SUPPORT RESOURCES 

Following this model, there is a single specialised office that provides to all the maintenance 

areas the different resources for the maintenance activity.  

 

 DECENTRALIZATION OF THE SUPPORT RESOURCES 

In this case, there can be two types of decentralization. A sectorial decentralization and an in-

strumental decentralization. A sectorial decentralization in the maintenance support resources 

occurs when a company has several major offices or factories across a territory. In this case, it is 

easier for the enterprise to have several maintenance offices in charge of providing to the minor 

offices in their range with the demanded resources. These maintenance offices will normally 

have all sort of resources. On the other hand, an instrumental decentralization occurs when the 

different maintenance offices are specialised in one type of resource. This allows the company 

to be sure that the most suitable instrument will be delivered when necessary on order to pro-

vide a more precise service. Moreover, this option allows a major control in the evaluation of 

the results and the maintenance problems that may arouse.  

 

 ADVANTAGES AND DISADVANTAGES OF THE CENTRALIZED/DECENTRALIZED 

MODELS 

There are many reasons that may incline a company to adopt a centralized model, as there are 

many other advantages that lead to a decentralized model. There are good examples for both 

cases, but as always, it is necessary to select the model based on coherence reasons and the 

corporate culture present in the moment of the choice.  

On the following table (Table 2), there is a summary of some of the advantages and disad-

vantages the organizational centralization/decentralization presents: 

 

Centralized model Decentralized model 
Advantages Advantages 

 Allows a standardize the manage-
ment model 

 Eases the expenses control and the 
optimization of contracts 

 Optimizes the use of resources 

 Helps in designing a non-bureaucra-
tized structure 

 The maintenance is found aligned 
with the operational, objectives of quality, 
productivity and security 
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 Eases the focalization of the mainte-
nance to the caring of facilities and machin-
ery 

 Standardizes the management of the 
system and of the instruments 

 Allows the development of effective 
policies for the providers 

 Exists a central figure that facilitates 
the communication with the other areas of 
the company 

 Makes possible changes in the used 
technologies, synergies and the standardiza-
tion between different areas 

 Helps in improving the efficiency of 
the maintenance process thanks to the unifi-
cation of formation strategies and personnel 
development 

 Concentrates the responsibility to 
the operational area director, so that he/she 
may act in an autonomous way 

 Raises awareness to the operational 
area director in the care of facilities and ma-
chinery 

 Eases the works of teams between 
execution and maintenance 

 Helps in the development of the 
maintenance workers to higher operational 
positions 

Disadvantages Disadvantages 

 Bureaucratizes the management in 
the resources 

 Removes flexibility to technicians and 
other operators, centring their work exclu-
sively in maintenance 

 Might generate conflicts between op-
eration areas and the central maintenance 
area 

 Creates a tendency in the mainte-
nance to show indifference in important top-
ics such as quality and productivity  

 The management of the different 
maintenance areas tends to be non-uniform 

 Creates the tendency to use the 
maintenance resources for other purposes, 
ignoring the state of the facilities 

 Each area tends to use their own sys-
tems and organizational instruments, ob-
structing the possibility of generating syner-
gies between operational areas 

 The communication with the central 
areas might become complex due to the 
amount of working agents 

Table 2: Advantages and disadvantages according to the organizational dependence 

 

In addition, as what regards to the location of the support resources, positive and negative as-

pects for each model can be found. Therefore, the selection of the model must also consider the 

characteristics of the available facilities.  

 

Centralized model Decentralized model 
Advantages Advantages 

 Avoids the duplication of resources 
and equipment 

 Allows the use of specialised instru-
ments 

 It is possible to earn experience to 
what refers interventions and regular prob-
lems related to the whole enterprise 

 The resources are located close to 
the execution zones 

 The response time between request 
and delivery are much shorter  

 The personnel have a better 
knowledge of the facility they work on 
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Disadvantages Disadvantages 

 The main warehouse is not in proxim-
ity to the zones that must receive the services 

 It is very difficult to know and adapt 
to the particularities of each zone 

 Multiplication of the resources and 
equipment for each area and centre 

 In the case of instrumental decentral-
ization, risk of saturation of some resources 

Table 3: Advantages and disadvantages according to the location of the resources 

The controversy between the centralization and decentralization of the maintenance structure 

remains as an open problem and it is quite difficult to go beyond the criteria previously pre-

sented. In basis of the preceding information, the choice of the organizational maintenance 

structure is influenced by the size of the company and the type of facilities it has, as well as by 

the complexity of the specific overall structure the enterprise has. 

 

 OUTSOURCING OF THE MAINTENANCE  

The outsourcing of the maintenance, which can also be named externalization, is not in itself an 

organizational discriminant. The following organizational models are compatible with a signifi-

cant externalization of the operational resources of the maintenance. The determinant element, 

which really has an important impact on the planning of the maintenance, is on the other hand, 

the level of responsibility that the enterprises that provide the service assume. Throughout Eu-

rope, this phenomenon experienced an important development and growth since the start of 

the 21st century and even saw the emergence of the “Global Service” model that will be ex-

plained after. However, on the second half of the 2000’s decade, this reality suffered a certain 

slowdown due to the major recession the developed countries suffered and the Global Service 

model did no progress as expected.  

Nevertheless, the model that did develop and achieved a notable consolidation was the exter-

nalization in the maintenance of single equipment entrusting the responsibility directly to the 

constructor. This model has clearly been encouraged by the tendency of many constructors to 

extend their business to the customer service phase offering their clients the possibility of con-

tracting the maintenance service of some devices. 

 

 TYPES OF EXTERNALIZATIONS 

When referring to externalization, two figure can be differentiated. The figure of the hired party, 

from an external company in charge of a determined task, and the contractor party, from the 

main company that receives the service. 
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5.7.1 ECONOMICAL OUTSOURCING 

Type of externalization operated under open framework agreements that control the dif-

ferent performances done by the third-party firm. In this type of outsourcing, it is initially 

complex to define the different activities to be executed and thus the hourly cost of each 

specific job. Due to this difficulty, the payoff is based on a predefined hourly cost and the 

total of worked hours used in the realization of the task or tasks. In this form of externali-

zation, the coordination, the control and the responsibility of the maintenance activities 

shall be borne by the contractor, which normally also provides the needed materials. 

This type of outsourcing model is typically used for specific tasks such as the reparation of 

certain components in big companies which normally have their own maintenance group 

but that may not be sufficiently qualified for these sort of jobs. 

5.7.2 MEASURED OUTSOURCING 

The commitment or obligation of he contracted party is evaluated based on the measures 

of the different physical elements that are used in the agreed work (volumes, areas or 

lengths for example of different materials). In this case, the material is provided by the 

contracted party and the role of the contractor is to determine the tasks to be executed by 

the hired party and to agree in the price list. When using this sort of outsourcing, the re-

sponsibility in the coordination, the efficiency and the quality in the labours are taken by 

the contracted party. 

5.7.3 OUTSOURCING WITH “FORFAIT” PERFORMANCE 

Under this option, specific interventions are instructed to the contracted party previously 

agreed between both parts, which may even be technically defined. The total price is fixed 

before the jobs starts and it is normally inflexible. This model is normally adopted for com-

plex tasks such as the extraordinary maintenance or really extensive replacements or re-

pairs. The executor of the activity has total freedom and responsibility to what regards the 

planning of the activities, the scheduling and in some cases, the technical decisions on the 

execution.  

In any case, the contracted party must follow and respect the security policies established 

by the contractor. The supplying of the materials is agreed in the initial agreement and can 

be responsibility of either parts. Once the labour is completed, the contractor must verify 

the job done and with the positive verification conclude the contract. 
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5.7.4 OUTSOURCING WITH CONTRACT LINKED TO PERFORMANCE (GLOBAL 

SERVICE MODEL) 

Outsourcing form characterized by the fact that to the contracted party not only is the job’s 

execution transferred, but also the responsibility in the result of the maintenance activity. 

This means, that the outsourcing companies work as independent firms with their own or-

ganizational and internal structure. Therefore, the contracted party is called to account for 

the global outcome of the undergone activities.  

The main aim of this outsourcing model is to reduce the total costs of the maintenance by 

delegating the maintenance activities to the provider (contracted party), which normally is 

highly qualified and specialised in the execution of the service. In this externalization model, 

the objectives and responsibilities of the contractor party, normally named client, and of 

the contracted party, named provider, are the following: 

 

  

•Management and developement of the production process

•Correction of drifts

•Combined planning of works

•Control and verification of the provider's task

•Management of the agreement

CLIENT

•Engineerization of the maintenance

•Engineerization of the material's management

•Formation of workers

•Choosal of maintenance policies

•Expenses control

PROVIDER

Figure 5: Objectives and responsibilities of the client and the provider 
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6 LIFECYCLE 

 LIFE OF AN ENTITY 

When increasing the functioning time of an entity, the derived costs of its use tend to increase 

basically due to the major amount of maintenance it must undergo. Logically, there comes a 

point in which is no longer convenient to carry out maintenance activities and substitute it for a 

new one of the same characteristics, or for a more technologically advanced one. In this situa-

tion it is necessary to evaluate between a substitution “at par” or an ameliorative one. 

Firstly it is necessary to define some concepts related to the lifetime of an entity, its main asso-

ciated phenomenon and the determining factor. 

 Physical life: time period at the end of which the entity can no longer provide, due to 

physical reasons, the expected service (considering always an acceptable service). It is 

determined by the deterioration of the entity caused by its use and time. 

 Possible life: period at the end of which it is considered necessary the substitution of 

the entity for the possible inability of providing the expected service. The possible life is 

always less than the physical life and can be higher or equal to the useful life. 

 Useful life: period at the end of which, even though the entity can continue offering the 

expected service from a technical point of view, it is economically convenient its substi-

tution for a similar one or an improved one in order to generate less global costs. 

Related with the previous definitions there are the respective associated phenomena: 

 Aging: also defined as physical deterioration. It is the internal cause of the entity’s dete-

rioration that implies an increase of the costs due to its functioning. 

 Obsolescence: external cause of the diminution in the convenience of the entity’s func-

tioning. This phenomenon is normally the origin of the introduction of new systems and 

methods that allow the obtainment of the same service or product at a lower price. 

 Inadequacy: insufficiency of the service capabilities provided by the entity to cope with 

the new quantitative and/or qualitative needs.  

Particularly, for what refers to the maintenance behaviour of an entity throughout its lifetime, 

the deterioration requires an increase in the exigence of the maintenance. This implies more 

frequency of the maintenance activities with its correspondent increase in costs. Moreover, with 

the deterioration of the entity there is in an increase in the energy consumption and a worsening 

in the quality of the service.  
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The aspects that generally affect more when deciding the substation or not of the entity are the 

useful and possible life, as very few entities are used until the end of their physical life for safety 

reasons. Between these two lives, the possible life normally depends on the market/client de-

mand to what refers to quality and quantity. On the other hand, the useful life depends on the 

aging and the development of the technological progress that can present a more competitive 

and technologically advanced equipment. 

 

Kind of life Associated phenomenon Conditioning factor 

Useful life Obsolescence Technological progress 

Possible life Inadequacy Market/client 

Physical life Aging Usage 

Table 4: Lifetime of an entity and factors 

 

 TECHNOLOGICAL PROGRESS 

The technological progress is defined as the gradual improvement of the performance parame-

ters of an entity. All equipment and technology are subject to this phenomenon. The perfor-

mance parameters can have an economical or a technical valence (Furlanetto et al., 2011). Con-

sidering the situation “at par”, the technological progress basically assumes an economical 

valence and it is manifested through the reduction in the final cost of the product or service.  

Obsolescence is generally attributed to the economical aspect of the technological progress. An 

entity is considered obsolete and it is no longer economically profitable when its maintenance 

costs are higher than the acquisition and maintenance costs of a new one. 

The technological progress can be analysed based on the lifetime of a technology, which can be 

measured according to the tendency of some performance indicators. The evolution of these 

indicators tends to follow a particular curve, an S-curve as shown in figure6. 

Figure 6: S-curve of the technological progress 
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The phases of the curve are the following: 

1. Infant or embryonic phase: the tendency of the performance indicator does not suffer 

great increases, as the technology, recently introduced, is not yet studied. 

2. Development or growth: corresponds to the best economical period of the technology 

as the performance indicator has a strong and rapid increase. 

3. Seniority or maturity: the technology is now mature and it is no longer able to improve 

significantly its own technical performance.  
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7 MAINTENANCE POLICIES 

In order to accomplish the “mission of the maintenance” and achieve the different strategic 

objectives of operational availability and of maintenance budget, the maintenance activities 

must be well planned. Therefore, it is necessary to design a “maintenance project” that best 

suits the real circumstances of the firm. A first consideration to be made is that of choosing the 

maintenance policy to reach the initial maintenance mission. Particularly it comes to defining 

the following: 

 If and when conduct maintenance activities after the failure of the entity or component 

 If and when is instead more appropriate to try to foresee the failures performing pre-

ventive maintenance activities 

 For which activities and entities is it worth pursuing the search of improvement solutions 

of the actual situation 

The planning of the maintenance policies means thus to decide previously the mode of execu-

tion of the maintenance activities to be developed by the company. These activities are to be 

decided cautious and rationally and even some strategic issues must be considered such as: 

 What is the most common failure behaviour of the entity and what is the most appro-

priate maintenance choice to adopt in order to control them, considering the possibility 

of inspecting and checking their functioning. 

 What is the comparison of costs between executing the maintenance activities once the 

failure of the entity has occurred or the one caused by the anticipation of the failure. 

 What are the possible costs and benefits caused by the introduction of possible im-

provements in the “modus operandi” of the maintenance system. 

From the possible answers to the previous points 3 main maintenance policies can be defined: 

 Corrective maintenance: maintenance performed after a failure is detected with the aim 

of returning the entity to a state in which it can operate as expected. 

 Preventive maintenance: maintenance performed at predefined intervals or according 

to operative criteria with the aim of reducing the probability of failure and/or degrada-

tion in the functioning of the entity. it includes 3 sub-policies: cyclic, on-condition and 

predictive. 

 Ameliorative maintenance: it is the set of improvements actions or small changes in the 

way of working with the aim of improving reliability (eliminating systematic failures) and 



Maintenance management and maintenance processes in railway operators. Case studies 

41 
 

the maintainability of the entity (through improvements related to the logistics). It 

should be noted that these small changes do not increase the asset value of the entity. 

The choice of the maintenance policy is therefore and important step in the process of the 

maintenance project. 

 

 CORRECTIVE MAINTENANCE 

This sort of maintenance policy expects the entity to be in complete functioning until a failure is 

presented or that the degradation related to its “functioning” obliges to the cessation of its ac-

tivity. In this case, the necessary maintenance activities have the role of repairing the entity and 

returning it to the initial conditions or, if this was not possible, to a satisfactory functioning state 

in the shortest possible time. When using this sort of policy, on the entity’s calendar the only 

registrations are related to the failure events, as it is the only moment in which maintenance 

activities are done to it. 

 

7.1.1 ORGANIZATIONAL CONDITIONS FOR THE CORRECTIVE MAINTENANCE 

The corrective maintenance needs the presence of certain circumstances to be able to as-

sure the timeliness of the response: 

The working personnel must be able to give an appropriate and efficient response to the 

possible failures, both for what refers the reparation itself and for what refers to the execu-

tion time. This means that they must be well-formed and poses a good diagnostic capacity 

to locate quickly and effectively the failures. Moreover, it is also demanded a multidiscipli-

nary knowledge to be able to address in a better way possible lateral problems. 

7.1.2 ADVANTAGES AND DISADVANTAGES OF THE CORRECTIVE MAINTENANCE 

POLICY 

As all maintenance policies, the corrective maintenance presents positive and negative as-

pects. Particularly, it may be an adequate option for non-critic machinery in which failure 

TIME 

Moment of maintenance activity due to failure 

Figure 7: Scheme of corrective maintenance 
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has no consequences for human safety or the environment, while the impact on the impact 

of the failure to the overall functioning is minimum.  

With this policy, the most significant costs are those directly related to the maintenance 

activities. These costs can be postponed until the failure moment with the respective in-

duced costs. However, the extra-costs related to the necessary structure needed to be able 

to give response to the problems must always be considered. Consequently, there might 

be an oversizing of the warehouse facilities and through some periods even an overpopu-

lation of workers.  

The following table (Table 5) summarises the main advantages and disadvantages of this 

policy: 

Table 5: Advantages and disadvantages of the corrective maintenance policy 

 

 PREVENTIVE MAINTENANCE 

As commented, the preventive maintenance is that done on predefined intervals or according 

to certain criteria. Consequently, there is the cyclic, the on-condition and the predictive mainte-

nance sub-policies which will be now presented: 

7.2.1 CYCLIC 

This maintenance policy is based on a programmed substitution of the components that 

have not yet suffered rupture or failure for new ones in order to prevent an accidental fail-

ure. With this approach, the enterprise prefers to sacrifice part of the lifetime of the com-

ponent in benefit of the reliability of the system. Adopting this policy, in the calendar the 

reported activities are those derived from the cyclic prevention instead of the corrective 

failures, which cannot be avoided in any case. 

ADVANTAGES DISADVANTAGES 

 Allows the company to keep the 
proper costs of the maintenance having the 
variable costs equal to 0 as long as the entity 
works correctly. 

 The failure appears inadvertently, 
which can generate significant situations such 
as safety hazard, sudden interruption of the 
service or the reduction of the quality of the 
same.  

 The fortuity of the failure leads to the 
use of several maintenance resources. 

 The necessity of “protecting” the en-
terprise to the occurrence of the failure nor-
mally tends to the oversizing of the ware-
houses. 
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This maintenance policy can be planned according to two implementation models: at con-

stant date or at constant period. 

 At constant date: considering this case, the firm adopts a fixed interval in time between 

maintenance activities independently to what occurs throughout the interval. This 

means that even if some failure occurs between activities, the timeliness of the mainte-

nance operations is not altered.  

 

 

 At constant period: this case follows the same basis of the maintenance at constant 

date, but in this case, if between two programmed activities failure occurs, the following 

activity suffers an alteration in time.  

 

7.2.1.1 ORGANIZATIONAL CONDITIONS FOR THE CYCLIC PREVENTIVE MAINTE-

NANCE POLICY 

This sort of maintenance policy requires of some conditions to be sure the activities can 

be feasibly programmed. The main ones are the following: 

T T T T TIME 

Moment of activity due to failure 

Moment of preventive activity at constant date 

Figure 8: Scheme of preventive maintenance at constant date 

T TIME 

Moment of activity due to failure 

Initial moment of preventive activity at constant date 

Advancement of the preventive activity at constant period 

T 

Figure 9: Scheme of preventive maintenance at constant period 
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 The planning of this policy is mainly linked with the beforehand definition of the 

intervals between activities. This definition derives from the knowledge of the be-

haviour of the entity’s failures. Therefore, this policy requires a statistic study of the 

component’s failure that combined with the constructor’s indications allows to de-

termine the most appropriate interval between activities. 

 To give effect to this sort of maintenance, it is necessary to use a good informative 

system supporting the planning of the activities in order to design correctly a calen-

dar and control the execution of all the activities. When applying the preventive 

maintenance at constant period it is also important to control the re-scheduling of 

some activities.  

 The formation of the personnel is a crucial aspect. They must have the sufficient 

competence to perform all the demanded tasks. Due to their variation, they must 

also be able to plan and delegate correctly to other departments in order to keep 

the programmed schedule and use the adequate amount of resources. 

7.2.2 ADVANTAGES AND DISADVANTAGES OF THE PREVENTIVE CYCLIC 

MAINTENANCE POLICY 

In contrast to the corrective maintenance, this policy is very useful for critical machinery in 

which random appearance of failure has important consequences. In such cases, to the 

proper costs of the maintenance activities, the induced costs of these consequences must 

be added. Therefore, this policy is mainly designed to reduce the failure probability and its 

induced expenses. Nevertheless, the correct management of this sort of policy demands 

having always under control other return extra-costs. On one hand, there are the proper 

costs of some unnecessary activities caused by not following correctly the scheduling and 

on the other, possible induced costs of the same cause. 

The following table (Table 6) shows the main advantages and disadvantages of the preven-

tive cyclic maintenance: 

ADVANTAGES DISADVANTAGES 

 Allows to limit the costs due to lack of 
functionality caused by an accidental failure 
of the entity. 

 Allows a better planning of the tasks 
to be done by the personnel. 

 Allows the optimization of the stock 
of reparation materials, caused by a better 
coordination between the activity plant and 
the supplying plant. 

 May introduce the intrinsic risk of in-
creasing the probability of some failures due 
to preventive activities incorrectly executed 
or the use of defective materials. 

 May lead to programming unneces-
sary maintenance activities with the respec-
tive increase of the total proper costs. 
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 Allows to reduce the plant’s down-
time in comparison to the corrective mainte-
nance policy. 

Table 6: Advantages and disadvantages of the preventive cyclic maintenance 

 

 ON-CONDITION AND PREDICTIVE MAINTENANCE 

7.3.1 ON-CONDITION MAINTENANCE 

This type of maintenance strategy is based on the monitoring of the functioning of the entity 

or of some significant parameters. It is thus a policy linked with limit values in certain pa-

rameters the entity should not exceed. Generally, the relevant aspect is the deterioration, 

which can be determined in different ways: 

 The simplest approach is that made through a sensorial inspection (sight, touch and 

hearing). Due to its simplicity, it is important to stimulate the employees of the mainte-

nance department towards the sensorial inspection and to inform of any anomaly that 

could generate an important failure. 

 Specific examinations in which the integrity of the entity is measured. In this case, the 

maintenance activities are based on regular and non-destructive tests designed to find, 

using advanced and studied techniques, possible defects. These defects may be caused 

by the production process or even by the own use of the entity.  

Generally, the basic idea behind the on-condition policy is to never execute any sort of 

maintenance activity until a certain level of attention is reached. This level of attention nor-

mally warns of a potential and dangerous degradation of the entity. It is also important to 

do regular controls of the most common problems in order to be able to anticipate a rapid 

decay or increase of some parameters. 

7.3.2 PREDICTIVE MAINTENANCE 

This type of maintenance policy is in some way an evolution of the previous on-condition 

policy. In this case, the evaluation of the components and the results of some tests, is ex-

trapolated using models to be able to predict when the failure may occur and therefore 

design the maintenance plan according to this information. 
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7.3.3 ORGANIZATIONAL CONDITIONS FOR THE ON-CONDITION AND THE PRE-

DICTIVE MAINTENANCE POLICIES 

Both type of policies require some conditions mainly to be sure that they can cope the ex-

ecution of the inspection and monitoring activities with their analysis, interpretation and 

derived decisions. The basic conditions are the following: 

 The personnel must have the adequate formation for what refers to the control activi-

ties. Not only an adequate planning of the inspection and monitoring tasks is necessary, 

but also the knowledge of what is expected from each test, the type of information 

obtained and how to interpret the results. Depending on the control activity, the work-

ers will need more or less experience together with a strong knowledge of the instru-

ments. 

 The sensorial inspection brings with it two main critical issues linked to the manage-

ment of the personnel. The workers must, on one hand, be aware of their responsibility 

of doing the first lookout and evaluation of the entity, and on the other, have the right 

sensibility on signalling failures or errors. Logically, this aspect is clearly linked with the 

experience provided by the work itself. 

 Before choosing these type of maintenance policies, it is necessary to analyse what 

possible entities need to be considered under surveillance to inspection and monitor-

ing. Not all activities can be treated equally and the parameters related to these inspec-

tions need to be carefully selected and defined. 

 To undergo correctly these policies it is mandatory to do an important investment in 

machinery and tools to evaluate the information obtained. 

 Being strictly maintenance policies the informative support plays an enormous role. Up 

to a certain extent, the planning is the most important part of it. These policies are very 

dynamic and a minor problem in the planning may develop in the impossibility of being 

able to execute correctly other activities. 

7.3.4 ADVANTAGES AND DISADVANTAGES OF THE ON-CONDITION AND THE 

PREDICTIVE MAINTENANCE POLICIES 

These type of policies are characterized by reducing the total costs and optimizing the use 

of the resources. The reason is that they allow the scheduling to be based on the real state 

of deterioration and with it avoid the planning of unnecessary activities. Moreover, with 

experience, the reliability of the entity improves leading to a better understanding of its 

behaviour. However, there is an important formation to be made to the workers related to 
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the control activities. Also related to this topic, the tests and instruments to be used for the 

multiple inspections must be carefully studied and designed. Consequently, this policy nor-

mally needs more time to develop properly in a company.  

The main positive and negative aspects are shown in the following table (Table 7). 

 

ADVANTAGES DISADVANTAGES 

 Allow a better control of the availabil-
ity and safety of the machinery. 

 Allow a better management of the 
maintenance activities and workers. 

 The quality of the activities is gener-
ally improved compared to other policies as 
the company knows precisely what parts 
need maintenance. 

 The maintenance knowledge can be 
shared between departments improving the 
overall results. 

 Implies the investment related to the 
formation of workers and the acquisition of 
the right equipment. 

 Requires time to develop correctly 
the knowledge of the interpretation of the 
signals and the tolerance of the parameters.  

Table 7: Advantages and disadvantages of the on-condition and predictive maintenance 

 

 STRATEGIES IN THE CHOICE OF MAINTENANCE POLICIES 

Prior to any explanation on what are the different ways of choosing a maintenance policy, it is 

important to point out that choosing one policy instead of another does not mean excluding the 

others. This is because the failure of the entity may always occur and therefore a corrective 

maintenance will always be necessary. Moreover, not all policies are suitable for all sort of com-

ponents, which means that in many cases the actual situation will be a hybrid mode.  

Therefore, the choice is mainly to determine the adequate combination of maintenance policies 

to be assigned to each area. In order to decide the maintenance policy, it is necessary to have 

some key factors to be considered when making the decision. The main factors are the following: 

 Impact of the failure. Concerns the possible consequences of the failure or the degrada-

tion, which can ultimately be measured as the induced costs of the failure. 

 Failure interval. It is normally defined as the mean time between two consecutive failure 

events and it is generally measured with the reliability indicator MTBF (mean time be-

tween failures). 

 Predictability of the failure. This selection factor is based on defining, whenever possi-

ble, the possibility of foreseeing when the failure will appear. This prevision can be de-

fined statistically or through complex behaviour models of machines and components. 
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The following figure (Figure 10) shows the most appropriate maintenance policy according to 

the relationship between the impact of the failure and the frequency of the same, which can be 

related to the failure interval as its inverse expression. The successive table (Table 8) illustrates 

a more extensive relationship between maintenance policies and the previous key factors. 

 

 

 High predictability Low predictability High predictability Low predictability 

High 
impact 

On-condition and pre-
dictive maintenance 
with evaluation of the 
monitoring frequency 
after the event occur-
rence  

Introduction and 
use of redundant 
or auxiliary enti-
ties 

On-condition and 
predictive mainte-
nance with contin-
uous monitoring of 
results 

Introduction of auxil-
iary resources 

Low 
impact 

Preventive or corrective 
maintenance based on a 
cost/benefit analysis 

Corrective 
maintenance once 
the failure ap-
pears 

Preventive or cor-
rective mainte-
nance based on a 
cost/benefit analy-
sis 

Corrective mainte-
nance 

 Low frequency of failure High frequency of failure 

Table 8: Relationship between maintenance policies and key factors  

 

 

 

Impact of 
the failure 

Frequency of 
the failure 

1 

2 

3 

4 
1: Corrective maintenance 
2: Preventive cyclic maintenance 
3: Preventive on-condition or predictive maintenance 
4: Design modification 

Figure 10: Relationship between maintenance policy, impact of the failure and frequency of the failure 
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 ALTERNATIVE METHOD FOR THE CHOICE OF THE MAINTENANCE POLICY 

Alternatively to the method previously explained, it is also possible to follow a decisional path 

that aids in the selection of the policy (Furlanetto et al., 2006). This path, which is also based on 

the previous factors, presents some conditions that need to be verified: 

1. Existence of a weak signal that can be understood as a preceding symptom of a future 

failure and its monitoring 

2. Existence of an estimation of the duration (up to the failure) to be able to plan inspec-

tions or if this was not possible, its substitution 

3. Existence of indicators or recommendations on the maintenance criteria provided by 

the entity’s constructor or by legal regulations 

This decisional path is represented in the following flowchart (Figure 11), based on the Italian 

regulation UNI 10366. 

Figure 11: Decisional path for the maintenance strategy choice (derived from UNI 
10366) 



Maintenance management and maintenance processes in railway operators. Case studies 

50 
 

8 MAINTENANCE COSTS AND BUDGET 

As commented previously the maintenance, if correctly planned, may generate an improvement 

in the quality, the efficiency and the quantity of the service provided with the consequent ben-

efits for the economy of the firm (reduction of the operational costs, increase of the market 

share, increase of the contribution margin,…). When evaluating the maintenance from an eco-

nomic point of view, it is important to consider to costs of the resources (materials, devices and 

personnel mainly) used to undergo the different activities and also to quantify the value of the 

results produced by the activities. This chapter will address the cost of the ordinary mainte-

nance, therefore, the costs generated by the “normal work” of the maintenance activities. These 

activities do not produce a change in the value of the entity. The sort of activities that do produce 

a change in the value of the entity are those related with the extraordinary maintenance ¡. These 

activities have an exceptionality character implying some investments that were not initially 

programmed. As they are not considered form the beginning, it is difficult to be able to estimate 

their amount.  

 

An overall structure of the maintenance costs is shown in (Figure 11) and focussing on the ordi-

nary maintenance costs  there are the following: 

 Fixed/proper costs: they represent the cost of the resources used. They include all the 

direct costs associated with the execution of the activities (manpower and materials) 

and the indirect costs related with the organization and functioning of the maintenance 

system. 

 Induced costs: they are the costs related with the value of the final product. They can 

be defined as the economical valorisation of the lack of performance between the final 

product and the expected by the objectives or the demand. The most common induced 

costs due to the lack of performance are: cost due to lack of operational safety, cost due 

to the failure to provide the service, cost due to lack of operational quality and cost due 

to a diminution of the efficiency.  
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 PROPER COSTS 

The fixed/proper costs of the maintenance can be divided into two categories: proper direct 

costs and proper indirect costs. 

8.1.1 PROPER DIRECT COSTS 

The proper direct costs are the costs that can be undoubtedly related with the activity or 

project defined in a cost centre. A cost centre can be defined as a unity able to generate its 

own inputs and outputs/expenses. In the case of the maintenance, the direct costs are those 

due to the resources used in the different activities and are constituted by:  

 Direct corporate workforce: comprises the costs of the personnel directly involved in 

the maintenance activities. They can be divided by working speciality (electricians, me-

chanics, constructors,…) and then each speciality by craft. 

 Third-party suppliers: comprises the costs of the performances provided by third-parties 

that provide maintenance services including delivery of manpower and the use of equip-

ment and devices. 

 Materials: comprises the costs of the materials used for the activities. 

 

Maintenance 
costs

Ordinary 
maintenance 

costs

Proper costs

Direct costs Indirect costs

Induced costs

Extraordinary 
maintenance 

costs

Figure 12: Overall structure of the maintenance costs 
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8.1.2 PROPER INDIRECT COSTS 

The indirect costs are those costs share with other activities or departments. It is difficult to 

be able to assign correctly each cost to a specific cost centre. For what regards the mainte-

nance there are the following indirect costs: 

 Cost of the maintenance structure: comprises the cost of the personnel that participates 

in the organizational structure of the maintenance service. 

 Cost of the technical service and functioning facilities: comprises the cost of the services 

and the equipment necessary for the operability of the structure. 

 Cost of the material’s immobilisation: comprises the cost of the facilities needed to keep 

the repairing materials for their service. 

 Cost of the auxiliary services used for the maintenance service. 

 

 INDUCED COSTS 

These costs appear as a consequence of the interruption of the entity’s service that might have 

two different origins: failure of the entity or voluntary interruption to undergo maintenance ac-

tivities. Voluntary interruption is normally done for preventive maintenance activities, there-

fore, up to some extent these type of activities may be a cause of induced costs. For what refers 

to maintenance, induced costs are normally related with the following situations:  

 Delayed maintenance: generates induced costs due to the incapacity to comply with the 

maintenance program or to the low level of labour planning. 

 Wrong maintenance: generates induced costs due to an inadequate quality of the final 

product that obliges the repetition of the maintenance task. 

 Unavailability of the entity: generates induced costs due to the loss of productivity of 

the entity.  

The induced costs are different from case to case and generally depend on the technological 

characteristics and the types of entities treated.  

 

 CALCULATION OF THE ORDINARY MAINTENANCE COSTS 

Calculation the ordinary maintenance costs presents different difficulties for the case of the 

proper costs and the induced ones. As a matter of fact, the own definition of the induced costs 

presents the inherent difficulty of deciding what business function is responsible for it. The 
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maintenance is only “coresponsible” of some of the performances and when other induced costs 

arise, it is complex to determine if they are consequence of a bad maintenance service. 

8.3.1 CALCULATION OF THE PROPER COSTS 

8.3.1.1 PROPER DIRECT COSTS 

As commented, the direct costs are structured in direct corporate workforce, third-party 

suppliers and cost of the materials. For each cost, in reference to one year, their deter-

mining procedures and calculations will be presented. 

8.3.1.1.1 COST OF THE DIRECT CORPORATE WORKFORCE 

The annual cost of the corporate workforce of maintenance is constituted by the 

cost of the operational personnel including the ordinary salaries and the cost of 

other expenses such as subsistence allowances, reimbursement of expenses or food 

expenses. Its calculation can be done in terms of the average cost per employee 

times the number of employees or instead analysing each type of employee by its 

category and its average cost. 

 

𝐶𝑑𝑖𝑟𝑒𝑐𝑡 𝑤𝑜𝑟𝑘𝑓𝑜𝑟𝑐𝑒 =  𝐶 𝑎𝑛𝑛𝑢𝑎𝑙
𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒

·  𝑁𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠 

Or  

𝐶𝑑𝑖𝑟𝑒𝑐𝑡 𝑤𝑜𝑟𝑘𝑓𝑜𝑟𝑐𝑒 =  ∑ 𝐶𝑤𝑜𝑟𝑘𝑖𝑛𝑔 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 · 𝑁𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠 

 

8.3.1.1.2 COST OF THE THIRD-PARTY SUPPLIERS 

The cost of the tasks ordered to third-parties is normally regulated by the contract 

previously agreed (open-contract, specific contract, …). It can be determined by an 

estimation of the standard hourly cost and the total hours entrusted or based on 

the number of activities done, their mean working time and the number of employ-

ees requested for the work. 

 

𝐶𝑡ℎ𝑖𝑟𝑑−𝑝𝑎𝑟𝑡𝑦 =  𝐶𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 ℎ𝑜𝑢𝑟 ·  ℎ𝑎𝑛𝑛𝑢𝑎𝑙 𝑡𝑜 𝑡ℎ𝑖𝑟𝑑−𝑝𝑎𝑟𝑡𝑦 

Or  

 

𝐶𝑡ℎ𝑖𝑟𝑑−𝑝𝑎𝑟𝑡𝑦 =  𝐶𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 ℎ𝑜𝑢𝑟 ·  𝑡𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 · 𝑁𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 · 𝑁𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠 
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8.3.1.1.3 COST OF THE MATERIALS 

The annual cost of the materials used for maintenance is the sum of the costs of the 

materials removed from the firm’s warehouse and the cost of the purchased mate-

rials. An approach to the calculation of this cost can be done based on the annual 

consumption of the material and a valorisation of its mean cost. 

𝐶𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙𝑠 =  𝐶𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 · 𝑁𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 · 𝑁𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙𝑠 𝑝𝑒𝑟 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 

 

8.3.1.2 PROPER INDIRECT COSTS 

As happens with the direct costs, the indirect costs are also divided. 

8.3.1.2.1 COST OF THE MAINTENANCE STRUCTURE 

The cost of the maintenance structure comprises the annual cost of the respective 

personnel therefore, the workforce that indirectly works for the maintenance. The 

way of calculation the cost is the same as in the direct costs. 

8.3.1.2.2 COST OF THE TECHNICAL SERVICES AND FUNCTIONING FACILI-

TIES 

Comprise the annual cost of the equipment, general materials used in the activities 

(gloves, suits,…) and different services necessaries for the execution of the activities 

(electricity, water,…) 

8.3.1.2.3 COST OF THE MATERIAL’S IMMOBILISATION 

Comprises the capital costs of the maintenance material in the warehouse such as 

spare parts and various materials. Its annual calculation can be evaluated consider-

ing the economic value of its average stock conveniently valued with an ownership 

rate. 

𝐶𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑖𝑚𝑚𝑜𝑏𝑖𝑙𝑖𝑠𝑎𝑡𝑖𝑜𝑛 =  𝑉𝑠𝑡𝑜𝑐𝑘 · 𝑖𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 

 

8.3.1.2.4 COST OF THE AUXILIARY SERVICES 

They are constituted y the annual cost of auxiliary services such as the computer 

system used for the maintenance, different computer programs used for manage-

ment, administration, scheduling,… 
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 CALCULATION OF THE INDUCED COSTS 

It has already been commented the difficulty in the determination of these type of costs. How-

ever, it is really important to be able to calculate them or at least provide an adequate approach 

of their magnitude as in some cases they may end up being an important cost. 

8.4.1 COSTS DUE TO LACK OF PERFORMANCE 

The costs derived by the lack of performance may be caused by a impossibility to use the 

entity or by failure of the workforce. 

8.4.1.1 COST BY FAILURE TO USE THE ENTITY 

These costs can be calculated from the value of the provided service, which united with 

the quantity of the service non-provided due to the unavailability caused by the mainte-

nance, allows to calculate the total cost. This calculation is developed differently in the 

case of a production plant and in the case of a service plant.  

In a production plant this value is represented as the value of the lack of production 

compared to the maximum productive capacity of the plant. The lack of production is 

calculated from the operative availability (A0). In the case of a service plant, this cost is 

attributable to penalty cost of the unavailability of the service. This cost is calculated 

from the requested operative availability detailed in the contract (A0) and the real oper-

ative availability achieved (A0) (Furlanetto et al., 2009).  

8.4.1.2 COST BY LACK OF THE WORKFORCE 

This induced cost is generated when the plant suffers a stop in the workings as the work-

force is unable to complete the different activities. This cause some areas of the plant 

to remain unused and provokes a delay in other activities. This cost can also be deter-

mined from the operative availability of the plant (A0) (Furlanetto et al., 2009). 

8.4.2 COSTS BY LACK OF OPERATIONAL QUALITY 

For these sort of costs, the best approach to determine their value is using an indicator 

related to the quality of the production or the service. In order to quantify this cost, it is 

necessary to establish an economic value for the unit of the indicator. Comparing the real 

value of the indicator (Q0) with a reference parameter (Qr) and considering the economical 

cost of its loss (C), it is possible to calculate this induced cost (CLQ). 

𝐶𝐿𝑄 = 𝐶 · (𝑄𝑟 − 𝑄0) 
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8.4.3 COSTS DUE TO INEFFICIENCY  

For the calculation of these costs, it is appropriate to follow a similar idea as in the previous 

induced cost. Therefore, it is based on an indicator related to the efficiency of the produc-

tion or service. Again, evaluating the economic loss of each percentage point (C), and com-

paring between the real value (I0) and a predetermined value (Ir), it is possible to estimate 

its cost (Cinef). 

𝐶𝑖𝑛𝑒𝑓 = 𝐶 · (𝐼𝑟 − 𝐼0) 

 

8.4.4 COST DUE TO LACK OF SAFETY 

The calculation of these costs is normally based on the number of failure events in which it 

is possible to correlate with a real damage, as is it normally after a failure event when the 

safety problems arise. 

 

 MAINTENANCE BUDGET 

In the context of the enterprise planning, which normally extends on a long-term horizon, the 

maintenance budget is normally considered with a temporal horizon of one year. The reason is 

that a one-year interval is considered an appropriate period to carry out predictions for the re-

quested activities. The maintenance budget must be drafted to allow the fulfilment of the firm’s 

objectives. Therefore, in it there should be defined the activities, the resources and the expenses 

needed according to the specifications related to reliability, availability, maintainability and se-

curity. 

The budget is consequently the main instrument to administer all the maintenance activities and 

represents the first step for setting an efficient system in the management if the maintenance. 

The transformation of the business plan into specific actions gives rise to the appearance of 

costs, as any maintenance activity implies the utilisation of economic resources.  

 

 CONCEPTUAL SCHEME OF THE MAINTENANCE BUDGET 

The structure of the maintenance budget is constituted of 4 elements: 

 Resources 

 Responsibility centres 
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 Maintenance activities 

 Cost objects 

 

8.6.1 RESOURCES 

Consists of the set of resources used in the performance of the maintenance activities. The 

resources are normally categorized by its nature and are generally distinguished in: 

 Work of the internal personnel: this includes the employees directly involved in 

the maintenance process and those indirectly involved. 

 Materials: including technical materials used as spare parts for substitutions and 

consumables, which are the materials used in the different maintenance activi-

ties. 

 Third-party services: consists of all the maintenance activities provided by ex-

ternal enterprises. These activities can be continuative workings or specialised 

workings.  

 Equipment: different apparels used directly or indirectly for the maintenance 

activities. 

Figure 13: Conceptual scheme of the maintenance budget (Furlanetto et al., 2011) 
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8.6.2 RESPONSIBILITY CENTRES 

They represent the organizational units (business departments) that use the company’s re-

sources to complete the activities. They can be separated in two main typologies: 

 Central maintenance services: comprise the organizational units that perform 

necessary activities to undergo the maintenance service even if they are not di-

rectly involved in the maintenance activity themselves. These organizational 

units include: management of the facilities, specialised offices, management of 

the warehouses. 

 Services to production units: consists of the different organizational units that 

do provide directly the maintenance service. 

8.6.3 MAINTENANCE ACTIVITIES 

This element represents the different activities developed by the responsibility centres and 

can be separated into two main categories: 

 Primary activities: including the specific maintenance activities, in accordance 

to the maintenance policy followed by the company; support activities to the 

production, prompt intervention support or programmed support; and general 

support in the planning of activities. 

 Support activities for the maintenance: consist on the management of areas and 

departments related to the maintenance. 

8.6.4 COST OBJECTS 

The cost objects represent the different costs generated by the responsibility centres for 

each maintenance activity. Each cost object identifies the receiver of the activity and the 

costs related with the resources consumed.  

 

 DESIGN OF THE BUDGET 

Once the scheme of the budget and the elements that compose it are defined, it is necessary to 

understand how are the resources assigned to each responsibility centre in order to be able to 

designate them to a particular cost object. 

The budget is elaborated based on the expected activities doing an estimation of the costs via 

the following information. 

 Historical data, which serves as basic reference statistics 
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 Initial and final budget of the previous year, which allows to see how accurate the esti-

mation were 

 Variation in the workforce used in the maintenance activities with their relative stand-

ard cost. 

Analysing the requirements of the different cost objects, in relationship with the respective ac-

tivities, it is possible to estimate the magnitude of the resources needed and its associated rel-

ative cost. 

 

 VALORISATION OF THE RESOURCES 

As previously commented, the resources can be divided into different categories, therefore, 

each category will have a different method to calculate and determine its final cost. Following 

the same scheme as for the categories there is: 

8.8.1 WORK OF THE INTERNAL PERSONNEL 

The formulation related to the cost of the internal personnel has already been commented 

in the proper costs. Even so, the annual cost per employee is based on estimating the work-

ing hours for each planned activity and its standard hourly cost. The determination of the 

standard hourly cost is a really controversial issue in the elaboration of the budget. In order 

to define it correctly it is necessary to: 

 Identify the maintenance personnel 

 Define the “profitable” working hours by the staff 

 Identify other indirect costs to include in the standard hourly cost 

As commented in the costs, it is suitable to differentiate between specialities for what re-

fers to the tasks and expertise for what refers to the employees. 

8.8.2 MATERIALS 

The materials must be classified in such a way that in the maintenance budget are only 

included those strictly used in the maintenance activities. This includes: spare parts and 

consumables. Their acquisition cost must be incorporated in the budget. On the other hand, 

materials such as consumables used in the production and/or materials for the technical 

cleaning should not be considered as part of the maintenance budget as they are not ex-

clusively for maintenance purposes. The formulation of their cost has been defined in the 

direct costs section of the chapter. 
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8.8.3 THIRD-PARTY SERVICES 

The cost of these services is based either on historical data or directly on the one that fig-

ures in the legal agreement between both businesses. In some cases in which the agree-

ment is not yet performed, it is possible to consider previous costs as long as they are suit-

ably actualized. In this cost, the workforce and the materials used are included. 

8.8.4 EQUIPMENT 

Their relative cost can be included with the standard hourly cost of the internal workforce 

or even considered as an indirect maintenance cost. If an external firm provides the equip-

ment, its relative cost is included in the third-party section of the budget. As an example 

there is the renting of a platform.  
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9 MAINTENANCE PLAN FOR RAILWAY TRAINS 

The maintenance plan is a document in which they are collected all the maintenance and pre-

ventive works to be done on the train. There is a maintenance plan for each train, understanding 

the train as locomotive, wagon or in high-speed trains the combination of both. Besides the 

different activities to be done, the maintenance plan also includes the frequency of these activ-

ities and the instruments required. The main objective of the maintenance works is to preserve 

the technical characteristics demanded in terms of security, reliability, technical compatibility, 

salubrity, environmental protection and in some cases interoperability.  

Each maintenance company writes their own maintenance plans. They are based on indications 

from the train fabricator and governmental regulations that throughout Europe normally follow 

common regulations. Moreover, each firm elaborates their own plans in order to fulfil their ob-

jectives and overall planning. The fact of being a document written by the company makes it a 

living document, this means that it is possible to modify and improve it with time based on the 

experience provided. These improvements can be related to the incorporation of new activities 

or their readjustment, such as a change in the frequency.  

Regarding to the maintenance, this will follow and adopt a preventive maintenance strategy 

according to the kilometres done by the vehicle, or in some cases to the years of functioning, 

always with a predetermined frequency. Nevertheless, railway trains are subjected to regular 

visual inspections. Therefore, in the case of detecting any anomaly the adopted maintenance 

strategy would be a corrective one for the component at issue. These irregularities may be: un-

usual wears, premature ruptures, breakdowns or deterioration of safety units. If any of these 

problems were frequent, the maintenance company would proceed in a modification of the 

maintenance plan including new tasks or varying the substitution and reparation cycles.  

As commented, for the writing of the plan both indications from the train maker and technical 

regulations for each maintenance activity are used. In the regulation, of European nature, it is 

possible to consult the limits in the allowable wears, the means and replacements to use and 

the necessary inspections to do. The governing body that approves and elaborates these regu-

lations is the European Committee for Standardization (CEN) founded in 1961. 

In order to manage and plan correctly the maintenance of the vehicles it is necessary to ensure 

traceability of the works done and those pending. To accomplish so, maintenance operators 

have specialized software that is responsible for managing the intervals between activities. This 

contributes in knowing when the activities need to be done and with a registration of the com-

pleted tasks and it time, it is possible to generate a warning in advance to inform the company. 
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 STRUCTURE OF A MAINTENANCE PLAN 

Even though there is no rigid structure on how a maintenance plan for railway vehicles needs to 

be done, they normally follow the following structure: 

 Training. Presents some guidelines for the training of the personnel. 

 Intervention cycles. Present the intervals between activities. 

 Traceability. Present the different procedure to ensure the traceability of the activities. 

 Description and definition of the activities. List that includes all the activities to be done 

according to the intervention. 

9.1.1 TRAINING 

The maintenance plan generally does not specify the procedures personnel need to follow 

to opt for the job or the precise qualifications they must have to execute the activities. They 

forward it to the maintenance centre itself as it is the centre the entity in charge of writing 

the procedures that contain the requirements for the staff qualifications for each activity. 

These operational procedures will be part of the quality plan of the maintenance centre.  

9.1.2 INTERVENTION CYCLES 

In Spain, the preventive maintenance activities to be done on trains are divided into 3 main 

groups: maintenance service interventions, intermediate maintenance interventions and 

major repair interventions. The activities done in the first group are generally visual inspec-

tions or the verification of levels. They include the following: CN (control de niveles), IS 

(ispección de seguridad) and IB (isnpección básica). The intermediate maintenance interven-

tions, which are divided into various cycles (IM1, IM2, …) include a more detailed examina-

tion, repairing and in some cases substitution of certain components. Finally, the major re-

pair (GR – gran reparación) interventions are designed to leave the vehicle to its initial 

condition. All these interventions must be programmed in repetitive periods in time. 

As already commented, these interventions are established according to mileage. However, 

there is no exact value for each intervention only limiting values. This allows maintenance 

companies to combine activities. An example is what occurs with freight trains; maintenance 

firms try to equate the mileage of the interventions for the locomotives and the wagons. 

9.1.3 TRACEABILITY 

In order to ensure the traceability of the maintenance activities on the vehicle, the owner 

of the plan establishes the necessary procedures to ensure the developing and control of 
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the activities, such as the maintenance and reparation processes described in the plan. To 

guarantee this traceability the firm must register the activities and their results into a data-

base following a specific procedure previously detailed. 

9.1.4 DESCRIPTION AND DEFINITION OF THE ACTIVITIES 

The different activities to be made throughout the maintenance process are classified in 

categories according to the element they belong to (engine, wheels, suspension,…) and 

some of them in sub-categories if the element has different components (the railway’s 

grease box includes the rolling bearings and the grease box itself). For each activity, the plan 

details the reference document written by the entity in charge of the maintenance that must 

be followed. In the document it is detailed how to do the different activities and how to 

check if the required conditions are satisfied or not. Furthermore, it also includes the pro-

cedures to adopt in case an anomaly appears in a revision or an inspection. 

As in the maintenance plan, there is no strict structure of how to write the reference docu-

ment for each activity. However, they normally follow a similar to the following: 

1. Object. Defines the element or component to be inspected. 

2. Introduction or presentation. Explains the main objective of the procedure, what 

need to be done and the instruments to be used. 

3. Measuring instruments. The necessary tools for each activity or verification are de-

fined. Normally includes detailed images of the instruments, handling indications 

and verification methods for the different parameters. This section only appears in 

activities that require specialised equipment for the realization of the tasks. 

4. Works to be performed. This section details all the different activities presented in 

the maintenance plan and the instruments to be used in each. 

Moreover, the reference document also defines some circumstances that, even though they 

are not strictly mentioned in the activities, must always be considered. They generally refer 

to conditions that may affect negatively to the railway vehicle.  

Once the maintenance plan is written, it must be delivered to the Certifying Organism in 

charge of verifying that the plan includes all the previous points. In order to be able to prac-

tice all the tasks, the “Dirección General de Ferrocarriles” must homologate maintenance 

centre. Moreover, ADIF will need to enable the different maintenance interventions to be 

done in the centre. 
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The following diagram (Figure 13) shows the path to empower the maintenance centre with the 

needed qualification to do the maintenance activities in Spain. 

 

In conclusion, within the railway sector 2 maintenance strategies are generally followed. On one 

hand there is the corrective strategy consisting on visual inspections and basic maintenance ac-

tivities when irregularities are detected. And on the other, the preventive maintenance that is 

the prime form of maintenance. Following this strategy, railway maintenance companies are 

Figure 14: Flow diagram for the qualification of a maintenance centre (COMSA, 2016) 
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able to control easily the maintenance budget and costs. With the support of a well-designed 

maintenance plan it is possible to do different maintenance activities at the same time reducing 

the no-service times diminishing the related induced costs. A predictive maintenance strategy is 

not commonly used, as it is difficult to adapt it to the maintenance plan. However, for some 

components it might report a significant economic saving or even a lengthening of the useful 

life of the component.  
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10 ROLLING STOCK 

Within railway transport, the term rolling stock refers to any vehicle that moves on a railway. 

This includes both powered and unpowered vehicles such as locomotives, wagons and railroad 

cars. The term train is commonly given to the set of vehicles intended for the railway transport 

that circulate together through the railway infrastructure. A train can be composed of one 

unique vehicle (known as locomotive), one or a set of locomotives towing a set of wagons or a 

set of railcars. A railcar is a self-propelled railway vehicle designed to transport passengers. Fig-

ures 14, 15 and 16 show a simple illustration of these type of trains. Moreover, it is possible to 

make a distinction between high-speed trains and conventional trains according to some regu-

lations specified in the Directive 96/48/EC in velocity issues.  

 

The railcars can be classified according to their traction: 

 Trains of concentred traction: when one or more locomotives are attached permanently 

to the train. 

 Trains of distributed traction: when there is no traction locomotive and the engines are 

distributed along the regular wagons. 

High-speed traction trains generally used a distributed traction as it has been tested that for 

velocities higher than 300 km/h some dynamic overloads appear on concentred traction trains 

affecting severely the railroad (Plaja, 2014). 

Figure 15: Locomotive (Plaja, 2014) 

Figure 16: Locomotive towing a set of vehicles (Plaja, 2014) 

Figure 17: Set of railcars (Plaja, 2014) 
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 TYPE OF VEHICLES 

The railway vehicles are classified according to their tractor capacity. There is the motor material 

that has tractor capacity and railway wagons or coaches that do not possess tractor capacity. 

Locomotives and railcars are considered motor material. Locomotives cannot bear with com-

mercial cargo while railcars can. According to the origin of the power source for the locomotives, 

these can be distinguished between electrical, thermal and steam, which are no longer used. 

Thermal locomotives include different types such as diesel-mechanical, diesel-electric and die-

sel-hydraulic locomotives. Railcars are also classified according to the origin of the power source, 

electrical or diesel. 

Railway vehicles that have no tractor capacity are divided according to the type of cargo they 

carry. If the cargo is freight, they are known as wagons, and if they carry passengers are consid-

ered as coaches. On both cases, the bodywork of the vehicle is mounted on a support frame 

resting on the moving part of the train consisting of axles and bogies. Freight wagons can be of 

several types: covered, ventilated, refrigerated or opened amongst other.  

 

 BASIC ELEMENTS OF THE ROLLING STOCK 

The elements that compose all wagon, coach, railcar or locomotive are the following.  

 Train box. Constitutes the support in which the equipment are installed and it is also the 

place where the cargo is allocated and where the driving cabin is located. Amongst other 

equipment in the train boxes there are the compressors, the braking resistors, trans-

formers, batteries, pantographs and ventilators. ct of the centrifugal acceleration on the 

passenger and they allow an increase in the cornering speed. In some cases this may 

represent a 15-25% increase in the velocity and therefore, important savings in time 

(Plaja, 2014)  

Throughout time, train boxes have suffered some modifications in order to reduce wind 

effects with more aerodynamic designs and also have adopted a tilting box composition. 

Tilting boxes present several advantages: they offset partially the effects of the centrif-

ugal force on the passengers and allow higher velocities on curves. 
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 Bogie. The bogie is the structure in which the axles are accommodated and where the 

train box rests. The union between bogie and axle is done through the greasebox. The 

bogie is also the element that contains the tractor engines, the gear unit, the braking 

systems and the suspension.  

 

 Wheelset. The wheelset is the wheel – axle assembly of a railway car. The axle measure-

ments are defined according to the shear stresses to withstand. Their design allows ul-

trasonic inspections while on service without requiring the disassembly of the whole 

bogie. The wheels are one of the most important structural components of all railway 

vehicles. They are always under high mechanical stresses and consequently have an im-

portant influence on the functioning of the train on service and the commodity of  

the passengers.  

The wheels are one of the train elements that suffer more wear as they are constantly 

in friction with the railway. Therefore, it is crucial to have a well-planned maintenance 

strategy for them as an important percentage of the maintenance budget is directly re-

lated to them. 

 

Figure 18: Train bogie and its parts (Plaja, 2014) 
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Rolling stock maintenance can be programmed in one of three possible ways: by mileage, by 

time or by condition monitoring. Of these, the condition monitoring is the most recent. Tradi-

tionally, the maintenance was carried out on a time basis, generally related to safety items. Over 

time, railway operators adopted a mileage based maintenance system. Initially, it was more dif-

ficult to operate as a record of all vehicle mileages was needed. However, nowadays with mod-

ern train control and data gathering systems this is no longer a problematic issue. Condition 

monitoring is achieved by checking the operation of the equipment and only changing some-

thing if it shows signs of wear beyond fixed limits. This checking is usually done with on-board 

monitoring systems.  
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11 RAILWAY WHEELS 

 DEFINITION 

Wheels are simple but fundamental components in the railway sector. They are the element 

that allow the train to move along the rail tracks. Train wheels have a peculiar conical geometry, 

which is the main reason of keeping the train’s motion aligned with the track on straight and 

curved paths. They have a flange on one side that keeps them running on the rails. The main 

functions of the train wheels are: support the train on the track, drive the vehicle along the track 

and act as braking surface for trains with disk brakes. Consequence of these actions, wheels 

suffer from mechanical and thermal stresses which can cause several problems in the wheel. 

Throughout time, they have experienced significant improvements in order to satisfy the new 

demands of the market such as speed and new railway lines. These improvements also help 

extending the useful life of the wheels and the new materials used nowadays also make them 

more durable. Related to these new improvements new regards arouse referred to safety, costs 

and durability. The main benefits of these improvements have been: increase in the operational 

velocity, increase in safety, reduction of maintenance costs and activities, increase in the carry-

ing capacity of the vehicle and better commodity conditions for passengers. Train wheels are 

constituted of 7 different parts: 

1. Flange. Protruding ring at the edge of the railway vehicle’s 

rim designed to prevent the derailment.  

2. Tread. Contact surface between the rim and the railway 

track. 

3. Rim. Metal circular ring that constitutes the tread of the 

wheel. 

4. Web: metal circular ring that joins the rim with the centre 

of the wheel. 

5. Centre of the wheel: mechanical element that establishes 

the union between wheel and axle. It can be curved, provid-

ing more elasticity or straight. 

6. Maximum wear limit: limit until which it is possible to 

reprofile the wheel under safety conditions. 

7. Accommodation draft: device through which pressurized 

oil is poured for the junction wheel – axle. 
Figure 19: Parts of a wheel (Plaja, 2014) 
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Throughout Europe, the train wheels have diameters that vary from the 0.85m to 1.10m, 

even though throughout the world and time other diameters have been used. The main 

reason of their differences is the type of vehicles they support.  

Railway wheels present two main parts, the centre of the wheel and the rim. According to 

the way they have been merged, it is possible to classify three main types of wheels. 

 Monoblock or solid wheel: the rim and the centre of the wheel belong to the same 

body. 

 Rim wheel: the rim and the centre of wheel are linked through a metallic arch. This 

type of wheel permits the substitution of rim without affecting the other parts. 

 Elastic wheel: the rim is linked to the centre of the wheel through an elastic rubber 

band. As in the rim wheels, it is possible to substitute only the rim. These sort of 

wheels are designed attenuate stresses between wheel and track as the elastic rub-

ber band absorbs noises and vibrations. They are normally used in trams and light 

rails. 

Figures 20, 21 and 22: top left: solid wheel; top right: elastic wheel; bottom: rim wheel 
(Molina, 2006) 
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In some countries, like the Unites States of America that follows the AAR regulation, the 

wheels are classified according to the thickness of the rim depending on the amount of 

wears they are able to sustain; one-wear wheels, tow-wear wheels or multiple-wear 

wheels.  

 

 DEFECTS ON TRAIN WHEELS 

Train wheels may present different types of damages on the tread, which is the most relevant 

part of the wheel as it is constantly in contact with the rail and under stresses. Therefore, the 

defects on the wheels can be classified in 4 main groups. 

 Wear: defect associated to the friction between wheel and track that alters the original 

profile of the wheel. Due to friction the wear can be both axial and circumferential (Za-

pata, 2011). The alterations can appear in the flange or in the tread. 

o Hollow wear: name given to the type of wear that appears on the tread, gener-

ally on the centre part of it. It is typical in stable bogies that operate on straight 

tracks. It can also be worsened for the use of braking on the tread itself. The 

development of this sort of defects affects directly the effective conicity of the 

wheel and in limit cases can alter the dynamics and the stability of the vehicle. 

Throughout the first stages of the wheel’s life, this wear is generally uniform 

along all the tread. 

o Flange wear: name given to the type of wear that affects the wheel’s flange on 

both faces. They are cracks of axial progression that can affect several areas of 

the flange. Their origin can be thermic or mechanical. If the origin is thermic, 

the crack is related to the friction of the disk brakes, whereas those of mechan-

ical origin are due to irregular stresses between wheel and rail typical in badly-

maintained tracks or those with several tight curves. In these cases the affected 

Figure 23: Hollow wear (Herreros, 2010) 



Maintenance management and maintenance processes in railway operators. Case studies 

73 
 

area would be the internal flange. Wears in the external part of the flange are 

caused by the contact with obstacles in the track, turnings or crossings. 

The following figure shows both wears for the same wheel. The red part indicates the 

overall wear of the wheel while the blue line shows the new profile of the wheel. 

 

 Fatigue: this is the most important and common defect on the tread. Is the consequence 

of mechanical compression and traction efforts the rim suffers while moving. This phe-

nomenon leads to the appearance of cracks that can cause a loss of the material, known 

as exfoliation or shelling. This defect is characterized for it ring-shape mainly parallel to 

the tread. These irregularities can have severe consequences as they cause the devel-

opment of circumferential cracks that can remove a significant amount of material. 

Many factors contribute to the appearance of these defects, the most common ones 

are: poor condition of the rail, excessive velocities or loads and an inadequate hardness 

of the wheel. 

 Deformation: this defect is associated to the loss of geometry of the tread due to high 

contact pressures or contact with non-homogeneous materials. It may occur along all 

the surface or only in specific regions. Consequence of this problem delamination effects 

may appear or also plastic deformation along the surface  

 Thermic: thermic loads caused by excessive braking episodes may lead to an overheat-

ing of the wheel exceeding its thermic limit changing the phase of its prime material, 

steel. Once the temperature of the wheel is cooled down, the form of steel known as 

Figure 24: Representation of the wear and the reprofiling (Herreros, 2010) 



Maintenance management and maintenance processes in railway operators. Case studies 

74 
 

martensite may develop (Molina, 2006). As it is not an equilibrium phase, an excess of 

martensite leaves steel brittle, and therefore the wheel is more prone to cracks. Due to 

the fractures, there will be a loss of material on the tread generating surface cracks. This 

specific phenomenon is known as spalling. Long spalling episodes normally cause wheel 

flats. 

 

Moreover, it is also possible to have defects on the surfaces that do not interact directly with 

the rail. They can be radial marks on the internal face of the wheel, holes in the web of 

the wheel, radial defects of sharp edges or circular defects of sharp edges (AENOR, 

2011). Some defects are easily seen or appreciated while the vehicle is on track while 

others need to be evaluated with the train stationary. 

There are three main causes for these defects: track, fabrication and the driving of the train. 

 Track. If the railway track is not well-maintained it may present bumps that provoke 

unexpected hits on the wheel. These hits may develop cavities altering the profile of the 

wheel. The path itself is also an important aspect to consider. As trains normally go back 

and forth on their routes, the same “line of wheels” will always suffer more in case of 

tight curves. This will provoke wears on the tread and specially on the flange. In order 

to control this problem, most trains regularly follow a process known as “triangulation” 

used to turn the whole vehicle around and effect equally to both “line of wheels”. Fi-

nally, there is also the effect of the temperature and objects in the track. High temper-

atures affect the interaction wheel-rail and the presence of objects can provoke severe 

damages on the wheel’s surface. 

 Fabrication. Railway wheels are made of steel but present a large range of combination 

of alloy metals to fulfil different purposes. Even though railway wheels go through ex-

haustive tests, sometimes problems with the percentage of carbon occur and they need 

to be removed from service. 

Figure 25: Schematic representation of the cross-section of a wheel flat (Herreros, 2008) 
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 Driving of the train. Even though this may seem a minor cause of the defects, a correct 

driving of the train is crucial to prevent defects. Once a new track is constructed, precise 

indications on how to control the train in each part of the path are elaborated. Not fol-

lowing them can lead to sudden accelerations/braking episodes or excessive velocities. 

For freight trains it is really important to follow the indications as the weight is much 

higher and therefore the consequences of irregular driving. Derived from an inadequate 

driving wheelflats appear and excessive flange wears due to excessive friction.  

 

 MAINTENANCE OF RAILWAY WHEELS 

Train wheels normally follow a preventive maintenance strategy as it presents important bene-

fits from an economic point of view for both maintenance company and entity in charge of the 

train’s exploitation. For what regards to the railway infrastructure, the main investment in 

maintenance is directed to repair the damages caused by the wheels, basically on the rail tracks. 

Moreover, it is believed that the 30% of the preservation cost of the vehicle, its maintenance, is 

represented by the wheels and its main action is in their reprofiling (Brizuela, 2010). 

In the case of significant defects in the tread, the maintenance cost is relatively low in the first 

years of the wheel. This is due to the fact that new wheels do not tend to suffer severely as they 

are designed for a specific carrying capacity. Nevertheless, once they start to present problems, 

they no longer suit the initial characteristics and need an adequate maintenance. If the reprofil-

ing activities are not done when needed, the cost of a late maintenance is generally higher and 

may even involve the removal of the wheel from the system forcing to a substitution. 

Throughout time, railway wheel tend to wear down mainly due to friction as it has already been 

commented. This wearing of the wheel is not uniform and it is clearly related to its maintenance. 

Each country has its own regulation regarding the admissible limits in order to decide if the 

wheel is apt for service or not. Many European countries follow the same regulation which will 

be detailed together with the different wheel parameters. In case of not being apt for service it 

is necessary to see if through a reprofiling activity the wheel is suitable again for service or is no 

longer valid for use. In reference to the reprofiling activity, many maintenance facilities consider 

two different types: economical or preventive reprofiling and corrective reprofiling.  

The economical reprofiling is that made to the wheel even though it is not strictly necessary for 

the wheel. This occurs when the limits are not exceeded but the company decides to do the 

operation in order to improve the mechanical characteristics of the wheel. In these cases, the 

thickness of the tread is slightly affected. 
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On the other hand, the corrective or regular reprofiling is done when one of the wheel’s param-

eters has been exceeded and the wheel is no longer legally operative. In order to correct this 

deficiency, the wheel is altered more than in the economical reprofiling, as more material is 

removed to fulfil the standards. 

As commented, the maintenance of the wheels represent an important percentage of the over-

all maintenance cost. Therefore, in order to reduce and control its expenses, it is crucial to detect 

with sufficient anteriority the defects and, if possible, monitor and evaluate them. It must also 

be taken into consideration that there are several regulations related to sound and that accord-

ing to several studies, they are consequence of defects on the tread surface. 

The revision intervals for wheels have been modified throughout time and depending on each 

country. Moreover, not all trains suffer equally. The main objective of the revision’s frequency 

is to find an equilibrium between inspection and reparation costs, if necessary. However, high 

standards of safety are always followed. 

 

 WHEEL PARAMETERS 

Railway wheels have 3 fundamental measurements: qr, Sd and Sh and to define the wheel’s di-

ameter a specific point is determined on the tread (tread point).  

The tread point is located 70mm away from back of the flange and it is the point used to deter-

mine the diameter of the wheel. 

The flange height (Sh) is the vertical distance between the tread point and a tangent line from 

the top of the flange.  

The flange width (Sd) is the horizontal distance between the internal face of the wheel and the 

intersection with the flange’s outline at a height of 10mm from the tread point. 

The flange gradient (qr) is used to define the horizontal distance between two points of the 

flange: one at 10mm above the tread point and the other 2mm under a tangent line from the 

top of the flange. 
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Their limit values according to the European regulation (EN 15313) depend on the diameter of 

the wheel and are shown in the following tables. 

Diameter of the wheel d≤760 760≤d≤840 840<d 

Minimum Sd 27.5 25.0 22.0 

Maximum Sd 33.0 

Table 8: Limit values for the flange width (units in mm), (AENOR, 2011) 

Diameter of the wheel d≤630 630≤d≤760 760<d 

Minimum Sh 31.5 29.5 27.5 

Maximum Sh 36.0 

Table 9: Limit values for the flange height (units in mm), (AENOR, 2011) 

 

The minimum value of the qr parameter is 6.5mm (AENOR, 2011) 

Moreover, the regulation establishes the limit values for the distance between internal faces 

“a1” and that between active faces “a2”. The distance between active faces comprises the dis-

tance between internal faces and the width of each flange (a2 = a1 + Sd,1 + Sd,2) 

  

Figure 26: Wheel parameters 
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Diameter of the wheel d≤760 760≤d≤840 840<d 

Minimum a1 1359 1358 1357 

Maximum a1 1363 

Table 10: Limit values for the distance between internal faces (units in mm), (AENOR, 2011) 

 

Diameter of the wheel d≤760 760≤d≤840 840<d 

Minimum a2 1415 1412 1410 

Maximum a2 1426 

Table 11: Limit values for the distance between active faces (units in mm), (AENOR, 2011) 

 

 INSTRUMENTS AND EQUIPMENT FOR THE VERIFICATION OF RAILWAY WHEELS 

There are many instruments to verify the different parameters of the wheels. Most of the 

maintenance workshops around Europe, which follow the same regulations, use the following: 

 

 

 Stencil for the verification of the profile. This device has several shapes cut in it to verify 

the different parameters of the wheel. This device permit the verification of two types 

of wheel profiles: G.V. and U.I.C. (GMF, 2016). 

 Gauge for the verification of the wheel’s flanges. This device is used by the maintenance 

personnel to determine the new geometry of the reprofiled wheel. 

 Precision gauge. Device used to establish the exact measurement of each parameter. It 

is possible to determine them at the same time. 

Figure 27: SCLAR system providedby NEM Solutions to capture the wheel’s profile, (NEM Solutions, 2016) 
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 Gauge for the measurement of the internal faces of the wheelset.  

 Gauge for the verification of the rim’s thickness. 

 

Even though many maintenance plants use these instruments to verify and determine the 

wheel’s parameters, nowadays there are many sophisticated equipment available. They are ba-

sically systems based on artificial vision or lasers that provide a detailed profile of the wheel and 

work together with specific software contributing to a better final product. Moreover, being 

automatized systems, the human factor is considerably reduce or even removed. There are 

some fixed systems, used in the maintenance plants and some portable ones. The main ad-

vantages of these systems are: the possibility of collecting easily the data, the train does not 

need to be stationary, easy maintenance, display of results for its study, high precision in the 

measuring and savings in time and space.  
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12 MAINTENANCE MODIFICATION PROPOSAL AND APPLICATION FOR 

THE LOCOMOTIVES S/310  

 OBJECTIVE 

The main objective of this proposal is to suggest a modification in the wheel maintenance for 

the locomotives series S/310 that work for FGC (Ferrocarrils de la Generalitat) as freight train 

locomotives between the industrial area next to the Barcelona’s port (Zona Franca) and the main 

workshops of SEAT in Martorell. To do so, a methodology to evaluate a modification in the fre-

quency in the reprofiling activities will be presented. 

 

 BACKGROUND 

Back in 2004 the car company SEAT was trying to feed its factory in Martorell from the supplier 

park located in Zona Franca (Barcelona). The way they decided to do it was through a freight 

train system that started to operate in 2008. Nowadays, the service is administered by the soci-

ety Autometro, in charge of the transport of the cars and Cargometro in charge of the transport 

of the parts. FCG provides the trains known as TMD. TMD (TECO de Media Distancia) are bidi-

rectional container trains with two locomotives, one at the front and one at the end, of the 

series S/310. The fact of being bidirec-

tional reduces significantly the shunting 

tasks. Currently FCG has 2 TMD trains 

that daily do three complete journeys 

every day. The route, even though being 

relatively short with less than 50km, has 

some section with tight corners that af-

fect severely to the wheels. Ideally each 

journey lasts 1 hour and the loading and 

unloading tasks last 3 hours allowing the 

3 complete journeys. Each TMB train has 

9 container wagons and a total length of 

205m.  

As it has already been commented in chapter 11, according to studies, more than 30% of the 

maintenance costs of rolling stock in the railway sector is destined to the maintenance of the 

wheels and wheelsets. Because of that, several researches have been made in order to try to 

Figure 28: Image of a TMD train (Ferropedia, 2016) 
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predict the railway wheel profile evolution due to wear. However, it is a difficult task to do as 

the variables that enter in the model differ from one case to another. In order to compute a 

model of the wear most studies rely on the Archard’s wear equation defined back in 1953, which 

states that the volume of the material worn away is proportional to the sliding distance times 

the normal force and inversely proportional to the hardness of the worn material as shown in 

the following equation (Jendel, 2002): 

𝑉𝑤 = 𝑘
𝑠 · 𝑁

𝐻
 

Where k is a wear coefficient 

Controlling the shape of the wheel profile is crucial for railway transport as it affects the perfor-

mance of railway vehicles in various ways such as the dynamic behaviour of the vehicle, the 

derailment safety and the strength of the material amongst others (Jendel, 2002). Friction forces 

are inherent to the railway transport and together with high normal forces leads to changes in 

the wheel profile. In order to meet the standards and the regulations, wheels need to be main-

tained regularly according to their respective maintenance plan.  

Lubrication is another aspect that always appears when the wearing problem is approached. 

Generally the rails are lubricated, predominantly the high rail in narrow curves to reduce wear 

and noise. Amongst several studies R. P. Reiff studied the efficiency of several lubricants and 

lubrication systems, and concluded that proper lubrication can be used to control both wear and 

reduce fuel consumption (Endblom, 2004). Nowadays there are several lubrication systems des-

tined to positively affect the interaction rail-wheel.  

According to the company in charge of the management of the trains (COMSA RT), locomotive’s 

wheels suffer from excessive wear throughout their useful life. This is mainly due to the geogra-

phy of the railway line between Martorell and Zona Franca present tight curves and some slopes. 

The frequency of the maintenance interventions the locomotive S/310 go through are on the 

following table: 

MAINTENANCE OPERATION 

Periodicity of 
cycles 

CN IS IB IM1 IM2 IM3 R 

KM 

MIN 4000 7500 16000 46000 92000 200000 400000 

AVER 4500 9000 18000 54000 108000 216000 432000 

MAX 5000 10500 20000 62000 124000 232000 464000 

TIME  8 YEARS 
16 

YEARS 

Table 12: Maintenance operation cycles for locomotive S/310 (FCG, 2012) 
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In order to suit the current regulations the following limits for the wheel’s parameters need to 

be satisfied.  

 
PARAMETER 

FLANGE HEIGHT FLANGE WIDTH QR DIAMETER 

MINIMUM 28 25 
6.5 (1) 

MAXIMUM 36 33 

Table 13: Limit values for the wheel parameters (RENFE & COMSA, 2016) 

(1) The wheels used in the TMD locomotives have an initial diameter of 1067mm and according 

to the current regulation, their maximum diameter for the last reprofiling activity is 999mm. 

Moreover, when it is lower than 987mm, the wheel must be replaced. 

The maintenance activities done on the whole wheelset are the following according to the in-

tervention: 

 

The following proposal will focus on suggesting a new planning in the wheel’s maintenance to 

reduce the wearing and therefore extend the wheel’s life. The vehicle studied will be the loco-

motives that follow the maintenance plan provided by FCG code C.M. 3101.50 (COMSA, 2016) 

Moreover, it will also present the possibility of include a lubrication system on the vehicle, 

known as flange lubricator, designed to reduce the friction between flange and the inner rail.  

 

 DATA 

Thanks to the collaboration of the COMSA RT maintenance workshop in Constantí, it was possi-

ble to obtain real data related to wheels of four locomotives (S/310-101, 102, 103 and 104) that 

constitute the TMD services already commented. For the locomotives S/310-103 and S/310-104, 

it was possible to obtain values for two reprofiling activities whereas for the other locomotives 

it was only possible to obtain one set of values. The whole set of data is provided on the annex 

WHEELSET DESCRIPTION OF THE ACTIVITY 
MAINTENANCE INTERVENTION 

CN IS IB IM1 IM2 IM3 R 

AXLE 

VISUAL INSPECTION OF THE VISIBLE PARTS OF THE AXLE      X X 

ULTRASONIC INSPECTION OF THE AXLE BODY       X 

GENERAL REPARATION OF THE WHEELSET       X 

WHEEL 

VISUAL INSPECTION OF THE WHEELS. CHECK WEAR AND DEFECTS  X X X X X  
GEOMETRICAL CONTROL OF THE FLANGES  X X X X X  

GEOMETRICAL CONTROL OF THE DIAMETER     X X  
GEOMETRICAL CONTROL OF THE DISTANCE BETWEEN INTERNAL FACES     X X  

Table 14: Extract of the maintenance plan (FCG & COMSA, 2016) 
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(ANNEX 1). The useful life of these wheels depends on their diameter, therefore, it is interesting 

to evaluate their progression due to wear and reprofiling activities.  

 

 

(1): before reprofiling activity; (2): after reprofiling activity 
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Figure 29: Evolution of the wheel’s diameter for locomotive S/310-103 (4th axle) 
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Figure 30: Evolution of the wheels diameter for locomotive S/310-104 (4th axle) 
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From the previous figures (Figures 26 and 27), it is clear that the reprofiling activity on 2016 

meant a higher wear to the wheel compared to the same activity in 2015,especially for the 

S/310-103 locomotive. Generally, the wheel that suffers more wear throughout the operational 

period is the right one. This problem could be solved programming more “triangulation” activi-

ties in which the trains turn around themselves. 

According to the data, it is correct to assume the reprofiling activities done to locomotives 

S/310-101 and 102 on 2015 and to S/310-103 and 104 on 2016 were regular reprofiling activities. 

On the other hand, those made in 2015 to the locomotives S/310-103 can be considered an 

economical one. The particular case of locomotive S/310-104 in 2015 can be considered both, 

as for axles 1 and 2 the reprofiling was economical whereas for the other it was regular. 

Of all the parameters, the most critical one is the flange width, which has a lower limit of 25mm. 

In order to achieve a more suitable value of this parameter when reprofiling, it is necessary to 

alter mainly two other parameters, the flange’s height and the wheel’s diameter. Observing the 

data, it is clear that due to friction the flange width is generally reduced throughout the opera-

tional service of the train, together with the wheel’s diameter caused by the tread’s wear. On 

the other hand, the flange height generally increases throughout service.  

Locomotive S/310-101 is a clear example of a regular, and necessary, reprofiling activity. Of all 

8 wheels, five of them had a flange’s width value below the threshold of 26.5mm, and even two 

values exceeded the 25mm limit. This meant a significant reprofiling activity with a maximum 

reduction in the diameter of 27.6mm and an average one of 22.7mm.  

In order to differentiate between economical and regular reprofiling, all operations that meant 

a reduction of 10mm or more were considered regular, and those of a minor reduction were 

considered economical.  

 

 MAINTENANCE PROPOSAL 

The aim of this proposal is to evaluate if it is beneficial for maintenance companies to schedule 

more wheel reprofiling activities, which would be economic reprofiling activities instead of the 

regular reprofiling activities. As the value that determines if the wheel is acceptable for service 

is the diameter, this will be the parameter analysed. Therefore, it will be necessary to estimate 

the reduction in the diameter due to service, caused by the tread wear, and the one due to the 

reprofiling activity. 
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As previously commented, controlling the wheel profile wear would imply several benefits for 

the railway system. If well planned, the maintenance activities to be made on wheel can mean 

an economic saving for the maintenance companies. Predicting the wear throughout the oper-

ation period of the vehicle is not an easy task to do and depends on the model followed. Gener-

ally, they include a coupling dynamics simulation of the vehicle/track, local contact analysis, 

track, rail and wheel geometries and a regular update of the profile (Li et al. & Jendel, 2011 & 

2002). Instead, as this proposal is centred in evaluating the effect of the reprofiling activities, 

the data required is easily obtained through wheel condition sheets and wheel lathe reports. 

For any set of vehicles operating regularly on the same route, average wheel wear behaviour is 

likely to be stable. However, this supposition has to be statistically verified always. The largest 

the data set available the more precise the benefit of different potential operation strategies 

will be and a more exact analysis of the tendency will be possible. 

The proposed methodology for the analysis is as follows. The method will be the applied to the 

data of the locomotives S/310. 

 Firstly, obtain wear rate statistics from the data as result of regular wheelset mainte-

nance activities. This data is generally obtained from two sources: 

o Wheel condition sheets: examination sheets of the wheels done regularly ac-

cording to the maintenance plan followed. They include the values of the differ-

ent wheel parameters 

o Wheel lathe reports: sheets indicating the variations in the different parameters 

as a result of the lathe or reprofiling activity. 

 Secondly, the data provided is used as input for evaluate the evolution of the wheel 

wear between reprofiling activities (due to service) and the effect of the lathe activities 

(economical or regular).  

 Finally, with the evolution of the wheelset, it is possible to explore the impact of differ-

ent reprofiling strategies on wheelset maintenance costs. 

In order to obtain wear statistics it is necessary to determine the diameter’s reduction due to 

the reprofiling activities and also the wearing due to service. Establishing a relationship between 

the diameter’s reduction and the real necessity of undergoing reprofiling activities will permit 

differentiate between regular and economical reprofilings. 

As previously commented, the parameter that defines the serviceability of a wheel is the diam-

eter, therefore this will be the feature studied and for which an estimation of its evolution, based 

on the average reduction in the diameter, will be made. When analysing the data to determine 
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the diameter’s reduction rate two possibilities appeared. The first was to evaluate the vehicle 

as a whole and compare the four locomotives in each situation (regular reprofiling, economic 

reprofiling and service). The other was to compare the different axles between them. Ideally, 

with regular data, for example monthly data reports, the analysis will be more precise and will 

clearly show differences between regular and economical reprofiling activities.  

To decide which option is the most suitable, an analysis of their coefficients of variation is made. 

The coefficient of variation is defined as the ratio of the standard deviation (σ) to the mean (μ), 

generally in absolute value. This is done in order to be able to consider the mean as a repre-

sentative value, and estimate the reduction of the diameter according to it. For this case study, 

as the amount of data available was limited, a threshold of 0.3 in the coefficient of variation will 

be admitted. Moreover, the only available data was that of the wheel lathe reports and it can 

be used to see the wear due to service comparing two different years. Notice that a larger set 

of data would imply a reduction in the value of the threshold.  

With the data provided from the different locomotives, the results are the following:  

SERVICE ECONOMIC REPROFILE REGULAR REPROFILE 

MEAN STD DEV COEF. VAR. MEAN STD DEV COEF. VAR. MEAN STD DEV COEF. VAR. 

-1.72 0.70 0.41 -4.86 1.71 0.35 -17.92 3.83 0.21 

 

 SERVICE ECONOMIC REPROFILE REGULAR REPROFILE 

MEAN STD DEV COEF. VAR. MEAN STD DEV COEF. VAR. MEAN STD DEV COEF. VAR. 

AXLE 1 -1.70 0.94 0.55 -4.98 0.78 0.16 -18.41 3.07 0.17 

AXLE 2 -1.72 0.52 0.30 -6.53 0.64 0.10 -19.05 2.01 0.11 

AXLE 3 -1.78 0.38 0.21 -4.15 0.64 0.15 -16.70 5.09 0.30 

AXLE 4 -1.67 1.07 0.64 -2.00 0.42 0.21 -17.85 4.22 0.24 

Tables 15 & 16: Mean diameter reduction between locomotives and axles 

Analysing the previous results it can be concluded that the best option is to evaluate the axles 

separately. Considering the threshold of 0.3 for the coefficient of variation, for the economic 

and regular profile, this threshold is never exceeded. Therefore, it is considered that the mean 

for each axle is sufficiently representative for the analysis. For the wear due to service, the data 

exceeds the limit proposed for the coefficient of variation, as in two axles it exceeds it signifi-

cantly. However, as the value of the mean is relatively small (less than 1.8mm) for any axle, it 

will be considered. Moreover, the adoption of this option, considering the axles separately, is 

believed more realistic. This is mainly because the distribution of masses do not affect equally 

to the entire vehicle and the interaction in the curves is also unequal for each axle. 
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With the previous indications, and considering that he route is regular, which means a stable 

wearing behaviour, the following suppositions will be. Notice that to compensate excessive wear 

of one side of the locomotive, they undergo regular operations of “triangulation”. 

 Initial diameter of the wheel: 1067mm. For the analysis, the wheels will be considered 

new. 

 Reduction of wheel’s diameter due to service per year: mean value for each axle. Be-

tween economical reprofiling activities the 50% of the value will be adopted. 

 Reduction of wheel’s diameter due to economical reprofiling per activity: mean value 

for each axle. 

 Reduction of wheel’s diameter due to normal reprofiling per activity: mean value for 

each axle. 

 The time between economical reprofiling activities will be of 6 months.  

 Time horizon of the analysis: 10 years 

 

With the previous considerations, the evolution in the wheel’s diameter for each axles would be 

the following. 
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Figure 31: Evolution of the wheel’s diameter 
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Figure 34: Evoltion of the wheels’ diameter 
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Figure 33: Evolution of the wheel’s diameter 
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Figure 32: Evoltion of the wheels’ diameter 
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At first sight it is clear that the useful life of the wheel, before being replaced, is longer for the 

wheels that suffer economical reprofiling activities. On average, these locomotives do 50.000km 

per year, and replacing wheels every 4 years or 5 years, under regular reprofiling activities, gives 

a average useful life of roughly 200.000km, which is a significant low value. This is a clear exam-

ple of the high wearing they experience. On the other hand, when following an economical 

reprofiling strategy, this useful life would be extended to 350.000km on average, meaning an 

average 60% increase. According to the maintenance company, these type of locomotives nor-

mally do reprofiling activities once a year, unless a major defect is observed. This meets with the 

IM1 maintenance operation, as it needs to be done every 46.000 to 62.000km. According to the 

maintenance plan, there is no specific reprofiling activity, they regularly undergo visual inspec-

tions and have geometric controls of the flanges. 

Once the evolution of the wheel’s diameter has been made, it is necessary to evaluate the re-

lated maintenance costs of each strategy. The cost involved in the wheelset maintenance are 

mainly the following: 

 Cost of replacing wheelsets or wheels. 

 Cost of the reprofiling activities. 

 Cost of the regular maintenance inspections. 

 Cost of the non-availability of the vehicle during the reprofiling activity. 

 Cost of operational loss. 

The first three values are generally provided by the railway operator, and can be considered 

fixed. However, not all reprofiling operations have the same price as will be later commented. 

On the other hand, the cost of the non-availability is not a fixed value and clearly depends on 

the time spent in reprofiling, the time needed to reach the workshop and the safety checks done 

after the operation. Finally, the cost of the operational loss could be determined with a large set 

of data. It would be possible to evaluate how the wheel loses its initial characteristics and the 

Figure 35: Wear due to service and by reprofiling 
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wear varies throughout the years. These last two costs have no specific formulation for their 

calculation as they are induced costs. However, as it has been commented in chapter 8, ap-

proaches in order to quantify the operation loss due to unavailability can be followed. 

A valid approach to the total maintenance costs for the wheelset throughout a period of time 

could be the following: 

𝐶𝑇 = 𝑁1 · (𝐶𝑅𝑒𝑝 + 𝐶𝑈𝑅 + 𝐶𝑂𝐿𝑅) + 𝑁2 · (𝐶𝑊 + 𝐶𝑈𝑊) + 𝑁3 · 𝐶𝐼 

where: 

CT: The total maintenance cost throughout a period of time T 

N1: The total reprofiling activities done in the period of time T 

N2: The total wheel replacing activities done in the period of time T 

N3: The total of wheel maintenance inspections done in the period of time T 

CRep: Cost of a reprofiling activity 

CW: Cost of a wheel replacement 

CUR: Cost of unavailability due to reprofiling 

CUW: Cost of unavailability due to wheel replacement 

COLR: Cost of operational loss due to reprofiling 

CI: Cost of the maintenance inspections 

 

For the case study of the S/310 locomotives, and thanks to the contribution of the maintenance 

company, it was possible to define the cost of a reprofiling activity and that of a wheel. The 

values approximate the real value as for privacy reason the exact values were not available. 

According to the company, there are two prices depending on the total reduction done to the 

wheel. If the reduction is less than 10mm the cost is 350€, whereas if this threshold is exceeded 

the price is higher. An approximate value of the price for these sort of reprofiling activities was 

not provided. However, for comparatives purposes, the value adopted will be of 500€. These 

prices include manpower and the necessary materials for the activity. Another way to decide 

the price of the activity could be considering increments of a fixed amount (15€ for example) for 

each mm exceeding the initial 10mm. When comparing these two options the differences in the 

final cost are not relevant. The cost of a wheel is considered 4000€. In the case study the mainte-

nance plan is followed, therefore, the total maintenance inspections is the same for both cases. 
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Thus, the cost of the maintenance inspections can be ignored. The cost of the operational loss 

due to reprofiling should be evaluated with a larger set of data to see the mechanical effects of 

the reprofiling. Therefore, the previous formula is simplified as follows for the analysis: 

𝐶𝑇 = 𝑁1 · 𝐶𝑅𝑒𝑝 + 𝑁2 · 𝐶𝑊 

With the evolution in the wheels diameter presented previously and the prices of the different 

activities if one locomotive is considered the cost of the maintenance for a time horizon of 10 

years is, depending on the axle, the following: 

 

AXLE ECONOMIC REPROFILING REGULAR REPROFILING SAVING 

1ST 14.650 € 20.000 € 27 % 

2ND 14.650 € 20.000 € 27 % 

3RD 14.650 € 20.000 € 27 % 

4TH 7.000€ 20.000€ 65 % 

Table 17: Maintenance cost per axle of one locomotive 

If the total maintenance cost for one locomotive is evaluated the result is the following: 
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Figure 36: Accumulative maintennace cost for one S/310 locomotive 
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With the representation of the accumulative maintenance cost, it is clear that on a long term 

horizon, the economical reprofiling strategy represents an important save. Specifically, for a 10 

year horizon, and considering the assumptions previously explained, this strategy means a sav-

ing of a 36% compared to the regular reprofiling strategy.  

 

 CONCLUSIONS 

This proposal presents a methodology in the prediction of the reduction of the wheels diameter 

due to reprofiling activities, throughout a certain period of time. It is intended for railway ser-

vices that have regular routes and in which the effects of wear can be considered stable. More-

over, it also suggests a reasonable method to determine the cost of these activities. In order to 

be able to consider the proposal as valid set of data is required to check out the tendency in the 

diameter’s reduction and to evaluate the type of reprofiling activities.  

When applying the previous proposal to the case studied, the results show that adopting a 

maintenance strategy based on a higher frequency in the number of reprofiling activities, the 

economic benefit is relevant. The main reason for this is the excessive wear that the locomotives 

suffer on service. The wear is not disproportionate for what refers the tread, as similar values 

can be seen on other routes around the world (Ding & Jendel, 2013 & 2002), but there is an 

excessive wear on the flange’s thickness that requires constant inspections and maintenance. 

When undergoing more reprofiling activities, the useful life of the wheels is extended. This, com-

bined with the higher price of the replacement of a wheel, mean a reduction in the costs. There-

fore, the proposal is to double the annual frequency of reprofiling activity for the locomotives 

S/310-101, 102, 103 and 104 that do the route Zona Franca – Martorell. The case studied only 

refers to the locomotives, but could easily be applied also to the wheels in the wagons if similar 

data was provided. The same methodology could be followed and the economic impact be eval-

uated.  

 

 LIMITATIONS OF THE PROPOSAL 

Due to the limited set of data, some aspects may have not been correctly considered. Therefore, 

further analysis should be made, provided a larger set of data, to decide if a correction factor 

should be included in the estimation of the diameter’s reduction. This would mean that adopting 

the average diameter reduction per axle, to do the estimation, could not be most suitable value. 
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Moreover, mathematical models can be used to determine the wear due to service, but consid-

ering the route as regular, with sufficient and well-analysed data it may not be necessary. 

This analysis only considers the evolution and wear of the vehicle’s wheels, however, the evolu-

tion and degradation of the rail should also be done in order to evaluate the effects of this pos-

sible maintenance strategy and study the benefits on the railway infrastructure. Ideally, this 

could be done if the railway track was only used by the same set of railways, which is generally 

not the real circumstance. Furthermore, from the analysis it can be seen that the wheels in the 

4th axle do not need replacement in the time horizon considered while the other follow a similar 

pattern in their useful lives. Even though there is no regulation for the relationship between the 

wheel’s diameters on the same bogie, this difference should be studied to determine if the per-

formance of the different wheelsets is compromised.  

  



Maintenance management and maintenance processes in railway operators. Case studies 

94 
 

13 ALTERNATIVE TO THE CURRENT MAINTENANCE  

When presenting the basis of the wearing in the railway sector, the concept of lubrication was 

introduced. Lubrication can be defined as the process employed to reduce friction between two 

surfaces in proximity and moving relative to each other. It can also be used to reduce wear on 

one or both surfaces as a result of this reduction. The interest in railway transport has helped in 

the development in technologies in order to optimize the service while contributing to a more 

sustainable environment. A clear example has been the increase in the number of studies re-

garding the use of lubricators and their benefits. The highly stressed wheel-rail interface is a key 

cost driver for rail operators. On one hand, there is the wheelset performance and maintenance 

costs which have already been commented. On the other, there is the rail deterioration, mainte-

nance and renewal due to friction. Even though the maintenance of the railway vehicle is not 

strictly determined by this aspect, in the case of the rails the wear defines its life cycle and the 

maintenance activities. Therefore, considerable energy and material cost savings can be 

achieved reducing the friction between rail and wheel with efficient lubrication systems.  

As in the case presented the wear that the wheels suffer is significantly high, it may be of interest 

to suggest the application of some lubrication systems in order to reduce it. A possible option 

would be the installation of wheel flange lubricators systems. These systems substantially con-

tribute to reducing wear, friction and another parameter im-

portant and generally not considered when evaluating the 

railway transport, noise. The wearing process normally ac-

companied of high-pitched squeaks that need to be con-

trolled for environmental issues. Wheel flange lubrications 

contributes not only to the friction properties of directly lu-

bricated wheels, but also the following un-lubricated wheel-

sets of the other vehicles. 

 

The mechanics of the wheel flange lubricator system are simple: the lubricant is sprayed on the 

wheel flanges of the first or second axle in the direction of the travel and is then transferred to 

the rail face, thus lubricating the following wheel flanges. The lubricant is stored in a reservoir 

in a pump unit and compressed air is used as transport medium to move the lubricant via a flow 

divider to the spraying nozzles. These nozzles are oriented towards the wheel flanges where the 

lubricant is evenly distributed. With new advances in technology and chemistry, it is possible to 

design intelligent control systems of the lubricant and these can be biodegradable.  

Figure 37: Principle of the wheel flange 
lubricator (SKF, 2012) 
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Nowadays, in the market there are several companies that provide these sort of systems such 

as Bijur Delimon, Fuchs or SKF. There are several models depending on the type of train they are 

used on and the degree of automatization they have. The simplest ones are controlled by the 

driver who decides when to apply the lubricant, generally on tight curves. However, more ad-

vanced system have curve sensors in order to determine when it is necessary to spray the lubri-

cant. These systems are generally based on infrared sensors that perceive when the distance 

between wheels indicates the entrance to a tight curve, or via integrated gyroscopic sensors. On 

average, the amount of lubricant sprayed is only 0.03 to 0.05cm3 per 250m and can even operate 

in critical environments such as low temperatures up to -40oC (SKF, 2016). 

According to the companies promoting these systems, the main benefits of the wheel flange 

lubricators are: 

 Noticeable reduction downtime and increased operational reliability and availability of 

the railway vehicle. 

 Reduce noise levels, therefore increased public acceptance. 

 Increased safety through reduced risk of derailment by so-called wheel climbing. 

 Minimum environmental impact through the use of rapidly biodegradable greases. 

 Reduction in the maintenance costs of the wheelset and the track. 

As the maintenance costs of the wheelset are considered as an important part of the overall 

maintenance costs of the railway vehicles and in the case studied there is an excessive wear of 

the wheel flanges, it is relevant to present the use of these lubricators. However, in order to 

evaluate their suitability it is necessary to consider some general aspects. It must be remarked 

Figure 38: Scheme of a wheel flange lubricator (SKF, 2012) 
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that the following suppositions are strictly theoretical as for an accurate analysis of the applica-

tion of these lubricators experimental tests should be done and several of the following pre-

sented impacts be evaluated. 

 

 APPLICATION TO THE CASE STUDIED 

According to one of the main suppliers of this technology, SKF, the useful life of a wheelset be-

fore needing reprofiling is extended up to 300.000km. For the locomotives S/310 this would 

mean a 600% increase compared to the current reprofiling scheduling, and its respective eco-

nomic saving. Moreover, part of the railway track used in this service is exclusive for freight 

service. Therefore, there would also be a significant saving in the maintenance costs of the rails 

as the friction is minimized. When visiting COMSA’s workshop in Constantí, the technicians in 

maintenance commented that if they company decided to include these systems in the trains, 

the maintenance cost of the systems would be negligible compared to that of the wheelset. In 

addition. Even though they were not allowed to provide the price of these systems, its amorti-

zation, according to SKF and the technicians would be achieved in less than two years.  

Nevertheless, the application of these lubrication systems poses some issues that require de-

tailed and separate studies. Not only is an investment for the railway operator, but also for the 

railway system as a whole. The main aspects to be studied should be the following: 

 Real improvement in the wheel-rail interaction: it has been seen that for the case stud-

ied the wear in the wheel flange is significantly high, resulting in frequent reprofiling 

activities. Given the fact that the companies providing this technology do not specify 

under which track conditions the system is efficient, and if so to what extent, experi-

mental tests should be made. An option could be to include the lubrication system in 

one of the S/310 locomotives and compare the wheel behaviour with another one with-

out it. This would be an easy way to determine the validity of the system and would help 

to establish the real saving in the maintenance cost. 

 Biodegradable greases: according to the suppliers, the lubricants are biodegradable and 

get dissolved rapidly. However, this is a critical issue for railway transport. If there is an 

excess of lubricator on the rail, the train that operates in the track after the grease has 

been released can experience a derailment or wheel-sliding caused by an inappropriate 

presence of the lubricator. If this occurred induced costs due to lack of performance 

would arise and such costs in the railway sector cannot be underestimated. 
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 New regulations: not all countries have trains with these lubrication systems. This does 

not mean they are prohibited, but that probably need a specific regulation for environ-

mental issues and waste disposal. Even though they are used in Germany, Italy, Den-

mark and Norway amongst others, it is believed that in Spain their use is not yet ex-

tended. Modifications in the railway regulations should be redacted and certain 

maintenance plans modified to consider their maintenance and a modification in the 

maintenance of vehicles and rails.  
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14 CONCLUSIONS 

In this project, an analysis of the maintenance management and a proposal for the optimization 

of a key parameter in the railway sector has been made. The main objective was to understand 

how maintenance worked and was planned. Generally, the maintenance of any product or ser-

vice is considered irrelevant in relationship with the final product or service expected. However, 

as it has been presented it is crucial. For many products and services, a well-designed mainte-

nance can represent a relevant saving in the overall budget of an enterprise. Furthermore, if the 

planning is complemented with the technological progress currently experienced, not also the 

benefits are higher, but also the ease in the planning. Thanks to these advances in technology, 

the maintenance has shifted from a corrective point of view, in which the elements were re-

paired or substituted when failure appeared, to a more preventive or predictive maintenance. 

When designing a maintenance plan it is also crucial to decide what strategy to follow, as an 

inappropriate choice can generate unexpected costs. 

Undoubtedly, railway transport is currently gaining importance as it is significantly cleaner than 

other conventional means of transportation. For what regards the rolling stock, the wheels are 

probably one of the simplest but also essential components of the whole system. Any defect or 

irregularity that appears on them can have enormous repercussions or alter significantly the 

useful life of the wheel itself. Moreover, when improving the working conditions of the wheel 

other crucial aspects of the whole vehicle are benefited such as brakes or passenger’s commod-

ity.  

Based on this, and particularising on a real case, a proposal to modify the maintenance strategy 

of the wheelset is presented. In the strategy, the idea of economical reprofiling is presented. 

Essentially is to undergo reprofiling activities to the wheels when this is not yet necessary ac-

cording to the current regulation, as the wheel parameters are not yet close to critical values. 

Some mathematical models help in order to determine the wear the wheel will suffer due to 

service, but how this wear will affect the new profile of the wheel is much more complex as the 

wear is never perfectly distributed. Therefore, the strategy proposed is a preventive one based 

in increasing the frequency of the reprofiling activities and altering less the final profile extend-

ing the useful life of the wheel. Considering an evolution based on the mean of the reduction of 

the diameter caused by the reprofiling activities should only be considered when the vehicles 

regularly do the same itinerary.  

For the case studied, freight train locomotives between Zona Franca and the workshops of SEAT 

in Martorell, the results are rather clear. With the real data provided, the saving in maintenance 
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for the company would represent a 36% saving for what refers to the reprofiling and wheel re-

placement activities. Even though the available data was limited, the results met the expectance 

as the workers in COMSA commented that it was an idea they were planning on studying. Nev-

ertheless, the analysis has some limitations in its accuracy, due to the limitation in the data pro-

cessed. With a larger database, an estimation of other aspects could have been done such as 

the tendency in the deterioration when the wheels present shorter diameters due to reprofiling 

activities and service. 

Even though the analysis presents a positive result, as happens always it has some inconven-

iences. The workshop where the wheels are reprofiled is located in Can Tunis, close to the Zona 

Franca and serves to several railway vehicles. Therefore, agreements in order to satisfy the new 

reprofiling demands should be done. The workshop in Constantí, property of COMSA, also has a 

lathe for these type of activities, but is located many kilometres away from the service line caus-

ing induced costs due to unavailability of the service. As commented, improving the working 

conditions of the wheels might affect positively to other components of the vehicle. Therefore, 

it would be convenient to analyse the effects a modification in the maintenance strategy can 

have on the whole train a do an economical analysis to make sure it is beneficial. 

When discussing the problem with the technicians in Constantí, they focussed in the wearing of 

the locomotive’s wheelset, and that was the main reason why the evolution of their wheels was 

done. It is difficult to extrapolate the results to other trains, mainly because each vehicle follows 

different maintenance plans. Nevertheless, maintenance companies could use the data of the 

regular revisions to elaborate a similar proposal and evaluate the possible benefit. With more 

data, the case studied could be extended to the wagons, which generally undergo maintenance 

interventions with less frequency.  

The other main idea proposed is to incorporate flange lubricators in the vehicles. This idea, not 

yet extended worldwide, can be considered in the initial phase of the technological progress. 

Hence, it may need some experimental studies to be sure it can be applied with the same results 

as the ones theoretically presented. If implemented, new regulations or requirements will 

arouse from the administration provoking changes, minor or major, for the railway industry and 

sector. For the case studied, an interesting option would be to incorporate it on one of the ve-

hicles and evaluate it results. Not only results on the vehicle itself, but also on the track condi-

tions as they are normally shared with other vehicles and a slight problem in one point can cause 

major disturbances on the whole system. 
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16 ANNEX 1 

The following tables show the different values for the wheel parameters in the respective repro-

filing activities: 

Table 18: Wheel parameters for locomotive S/310-101 in the 2015 maintenance activity 

 

 

Table 19: Wheel parameters for locomotive S/310-102 in the 2015 maintenance activity 

 

 

ENTRANCE 27/11/15 

AXLE 
FLANGE HEIGHT FLANGE WIDTH Qr DIAMETER 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

1ST 30.4 32.7 26 25.7 10.3 10.8 1063.7 1064.4 

2ND 32.1 33.4 26.4 23.5 11.3 11.1 1062.3 1061.9 

3RD 32.5 32.2 26.1 30 11.3 10.8 1063.5 1061.8 

4TH 33.6 33.1 26.6 24 12.3 11.7 1062.6 1063.2 
 

EXIT 27/11/15 

AXLE 
FLANGE HEIGHT FLANGE WIDTH Qr DIAMETER 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

1ST 29.2 29.4 31 29.9 12 12.2 1041.4 1041.5 

2ND 28.1 28.9 30.3 29.5 11.6 12.2 1040.5 1039.6 

3RD 28.9 28.5 30.7 28.9 12.2 12.1 1042.8 1034.2 

4TH 28.2 28.7 30.3 29.4 11.4 11.9 1040.9 1040.6 

ENTRANCE 27/11/15 

AXLE 
FLANGE HEIGHT FLANGE WIDTH Qr DIAMETER 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

1ST 32.8 32.8 25.8 30.5 11.4 11.1 1062.7 1062.6 

2ND 33.2 33.2 24.1 26.5 11.9 11.8 1063.1 1062.8 

3RD 32.7 32.5 26.3 28.1 11.5 10.9 1063.2 1063.8 

4TH 33.1 33.2 25.2 26 12 11.6 1062.7 1063.2 

  

EXIT 27/11/15 

AXLE 
FLANGE HEIGHT FLANGE WIDTH Qr DIAMETER 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

1ST 28.9 29 29 30.3 12.2 12.2 1048 1048.2 

2ND 28.2 31 29.2 29.6 12.2 12.3 1045.9 1045.9 

3RD 29.5 29.3 29.2 30.3 12.4 12.2 1049.4 1049.6 

4TH 28.2 28.8 28.1 29.1 11.3 11.4 1046.4 1046.6 
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ENTRANCE 16/7/15 

  FLANGE HEIGHT FLANGE WIDTH Qr DIAMETER 

AXLE LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

1ST 31.1 32.2 28 27.5 9.8 9.6 1064.8 1064.7 

2ND 30.9 32.7 27.9 27.2 9.1 10.1 1065.9 1065.1 

3RD 31.7 32 27.2 28.2 10.1 10.2 1064.6 1065.9 

4TH 31.6 32.3 27.8 28.2 10.2 10.3 1065.3 1064.8 

  

EXIT 27/11/15 

  FLANGE HEIGHT FLANGE WIDTH Qr DIAMETER 

AXLE LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

1ST 28.4 29.6 29.4 28.8 11.9 11.2 1059.7 1060.5 

2ND 28.7 29.1 29 29.1 12 11.5 1059.8 1059.1 

3RD 28.2 32.6 28.5 29.5 9.8 11.7 1060.9 1061.3 

4TH 28.2 29.5 27.8 27.9 10.4 10.2 1063 1063.1 

Table 20: Wheel parameters for locomotive S/310-103 in the 2015 maintenance activity 

 

 

ENTRANCE 19/7/16 

  FLANGE HEIGHT FLANGE WIDTH Qr DIAMETER 

AXLE LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

1ST 30.2 30.8 27.1 28.2 9.9 11.2 1058.6 1058.1 

2ND 29.6 31 26.8 25.6 10.3 11.6 1058.7 1057 

3RD 33.5 28.8 28.4 27.2 12.6 9.2 1059 1059.6 

4TH 28.9 31.5 25.5 25.9 9.4 11.8 1062.2 1060.5 

  

EXIT 19/7/16 

  FLANGE HEIGHT FLANGE WIDTH Qr DIAMETER 

AXLE LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

1ST 29.7 28.8 30.6 31.1 12.5 12.1 1040 1039.7 

2ND 30 29.1 30.3 29.9 12.2 12.2 1039.7 1039 

3RD 29.6 28.7 30.4 31.2 12.3 12.3 1041.4 1040.7 

4TH 29.1 28.2 31.1 30.7 12.4 11.5 1038.9 1063.1 

Table 21: Wheel parameters for locomotive S/310-103 in the 2016 maintenance activity 
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ENTRANCE 17/7/15 

  FLANGE HEIGHT FLANGE WIDTH Qr DIAMETER 

AXLE LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

1ST 31.4 31.6 29.3 28.2 9.9 10.0 1065.5 1064.7 

2ND 31.4 32.1 27.3 28.2 9.5 10.3 1065.3 1065.4 

3RD 31.9 31.7 27.2 25.0 10.1 10.0 1066.1 1065.9 

4TH 32.1 31.5 27.8 25.2 10.9 10.1 1066.2 1066.8 

  

EXIT 17/11/15 

  FLANGE HEIGHT FLANGE WIDTH Qr DIAMETER 

AXLE LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

1ST 29.6 28.4 29.3 28.1 11.4 11.5 1059.5 1060.1 

2ND 28.1 28.2 28.7 27.9 10.4 11.1 1058.7 1058.0 

3RD 32.5 30.9 28.7 29.5 11.2 12.3 1055.4 1055.6 

4TH 30.0 29.3 29.8 29.4 11.9 12.3 1053.9 1054.5 

Table 22: Wheel parameters for locomotive S/310-104 in the 2015 maintenance activity 

 

 

ENTRANCE 30/5/16 

  FLANGE HEIGHT FLANGE WIDTH Qr DIAMETER 

AXLE LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

1ST 28.8 30.9 27.5 29.6 10.5 11.4 1058.8 1057.5 

2ND 28.6 29.5 25.7 27.8 11.9 10 1056.5 1056.5 

3RD 32.1 34 26.3 26.2 12.3 13 1054.1 1053.4 

4TH 30.4 32 26.1 26.3 11 12.3 1053.2 1051.9 

  

EXIT 19/7/16 

  FLANGE HEIGHT FLANGE WIDTH Qr DIAMETER 

AXLE LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

1ST 28.7 29.1 30.5 30.5 12.3 12.3 1040.4 1039.9 

2ND 28.7 29 29.6 29.6 12.3 12.3 1038.4 1037.4 

3RD 29 29.6 30.5 30.5 12.4 12.5 1037.4 1037.2 

4TH 27.9 29.2 30.2 31 12.4 12.8 1037.4 1036.4 

Table 23: Wheel parameters for locomotive S/310-102 in the 2015 maintenance activity 

 


