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EVOLUTION OF MAINTENANCE SYSTEMS OF PASSENGER
AND FREIGHT WAGONS FROM THE ECM CERTIFICATION
POINT OF VIEW

RCM and ECM are abbreviations seemingly the same though the meaning is different. However, they have lot of common as the both are
aimed at increased reliability of operation and minimising risk. RCM stands for Reliability Centred Maintenance and ECM stands for Entity
in Charge of Maintenance, thus maintenance is the common term for both. Indeed, maintenance is a key for increased safety and reduced
risk. The paper presents basic principles and theory behind the RCM - an advanced maintenance concept with its origin in aviation and
consequently applied in industries connected with high level of risk, such power generation, etc. The ECM certification is a new approach for
assessment of how railway vehicles operators are managing the risks connected with operation of the rolling stock. Entities, either owners or
keepers of the rolling stock, are those who are responsible for the technical condition guaranteeing safety of railway traffic. There is common
European methodology (requirements) for assessing the competence of ECMs based on EC Regulation No. 445/2011. Behind this methodo-
logy are efforts to minimise risks of freight trains operation and prevent serious accidents resulting from improper maintenance and insufficient

technical state. In line with these efforts is our proposal for implementation of RCM in railway vehicles maintenance.
Keywords: Railway wagon, maintenance, risk, RCM, FMEA, ECM certification.

1. Introduction

Quality, safety and environment - these words stand for the
basic requirements for any industrial and service activity, railway
transport not excluding. There are few words that always go
together - reliability, safety, risk, which characterise any system
functioning. There are many factors influencing the reliability
- the fundamental is so called inherent reliability - built in the
product (system, machine) by its design and manufacture. Yet
there are many more factors influencing the reliability of a system
during its life (operation), among which perhaps the most
important is maintenance. Inherent reliability is recognised even
in maintenance terminology standard [1], which also recognises
failure criticality as combination of failure consequence severity
and its frequency (probability of occurrence). This is just for
illustration that importance of risks is emphasised even in basic
terminology standards.

Of course, problems of risk require much more than a basic
definition. There are many methods dealing with risks analysis
and their mitigation. In machines operation and maintenance
risks are always connected with failures. In traditional
maintenance approach the requirements for maintenance of each
component were determined in accordance with its actual or
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assumed technical characteristics, without considering its failure
consequences. The resulting maintenance schedules were used to
all similar objects without considering the different consequences
coming from different operational contexts.

Wherever possible, new approaches should be searched
for that would synthesize new findings into a form so that it
would be possible to evaluate and implement those approaches
having the best value for functioning of physical objects and the
whole organisation (company). Philosophy that provides such
a framework is called Reliability Centred Maintenance (RCM)
[2]. RCM uses analytical methods of a-priori reliability, especially:
1. Fault Tree Analysis (FTA),

2. Reliability Block Diagram (RBD),
3. Failure Mode and Effect Analysis (FMEA),
4. Root Cause Failure Analysis (RCFA).

These methods in broader context contribute also to
Fault Prevention, Fault Forecasting, Fault Removal, and Fault
Tolerance.

The area of fault forecasting is decisive from the maintenance
system proposal point of view. RCM is a strong method in
defining failure consequences (in fact it is recognition that the
only reason for doing any form of preventive maintenance is not
in preventing occurrence of failure themselves but in avoiding
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or at least in minimising failure consequences). However, for
determination of intervals to maintenance action (maintenance
tasks schedule) it is necessary to utilise the reliability methods.

2. Maintenance of railway wagons

2.1Current state of railway personal wagons
maintenance system

Similarly to manufacture, the maintenance system
(maintenance types and maintenance strategies) of railway
wagons has been evolving within the years.

In Table 1 is an example of maintenance cycle of selected
types of railway passenger wagons after the 5" change that has
been introduced since the 1 April, 2001. The railway wagons are
divided into maintenance groups according to the “repair” types.
Corresponding repair levels, mileages (distance run between
maintenance interventions) and maintenance cycles are given in
Table 1.

In the current organisation of preventive maintenance
of railway vehicles at the Slovak Railway Company (ZSSK)
according to the valid maintenance regulations the main decision
criterion is so called mileage (in km) and for certain types of

wagons also time periods. This approach is based on relatively
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long evolution and, in principle, by tradition at implementation
of planned-preventive maintenance system.

Process of monitoring, preparing and delivering vehicles
into maintenance (at different maintenance levels) has its
characteristic steps and individual elements, which in modern
maintenance concepts, and in particular with regards to costs
priority, do not always mean economically suitable conditions of
predetermined maintenance itself.

1. The of currently performed

maintenance of passenger vehicles are [4]:

typical characteristics

2. Elaborated performance standards, especially at higher
maintenance levels.

3. Technological routine and periodicity of maintenance actions.
Specialisation of workplaces and technological procedures at
higher maintenance levels.

5. High routine in monitoring of simple indicators for delivery
into maintenance.

6. Maintenance is not performed in accordance with real
technical conditions of a railway vehicle and differentially.

7. Operational utilisation (conditions) is not considered at
railway wagons.

8. Often uselessly vast disassembly of important structural units
significantly worsen their overall functional stability and
negatively influence the vehicles reliability.

Regulation V66 - Maintenance groups for selected types of wagons [3] Table 1
Maint. group Wagon type Repair level Mileage (km)
Salon wagons - RIC regime R1 - 12 months 50 000
la R2 - 48 months 200 000
R3 400 000
R4 800 000
Nw (R4) RI1RIRIR2 RI1RIRIR3 RI1RIRIR2 RI1RIRI R4
Other wagons (except for wagons of group 1 and 2) - R1 - 6 months 110 000
3b inland regime for InterCity trains R2 - 36 months 440 000
R3 1 320 000
R4 3960 000
Nw (R4) RIRIR1I R2 RIRIR1 R2 RIRIR1 R3 RIRIR1 R2 RIRIRI R2 RIRIRI R3 etc.
Four axle wagons of inland regime with speed over120 R1 - 6 months 100 000
4 km/h (except for wagons of groupl, 2 and 3) R2 - 48 months 300 000
R3 900 000
R4 1 800 000
Nw (R4) RIR1 R2 RIR1 R2 RIRI R3 RIR1 R2 RIRI R2 RIRl1 R4
Legend: Nw - New Wagon
R1, R2, R3, R4 - Revisions (maintenance/repair level of 1 - 4)
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9. Fixed work of “hard” planned maintenance actions may
result in ineffective labour costs and overheads.

10. Insufficient personal responsibility of workers for
maintenance quality and, consequently, for technical
condition of a railway vehicle.

11. In current financial situation at ZSSK, there is danger of
not fulfilling the periodicity of maintenance actions given by
regulations which deteriorates current technical condition
of railway vehicles.

2.2 Current state of railway freight wagons maintenance
system

In Slovakia, a generally accepted maintenance system for
freight wagons is so called SUNV (Maintenance System of
Freight Wagons; in Slovak: Systém udrzby nakladnych voznov)
based on the former Regulation V67 [5]. ZSSK Cargo and other
freight wagons operators have the system of freight wagons
periodic maintenance based on time considering a specific design
of a freight wagon type.

The fundamental terms of the maintenance system are as
follows:

1. “Medium repair N2.1, N2.2, N2.3, N4“ - lower type of
preventive periodic maintenance with due terms of 2 or 4
years. The basic scope of maintenance tasks is given in
chapter 5 of the regulation. The main task is inspection and
function test of components and functional subassemblies of
freight wagons.

2. “Revision repair N8 “ - the top level of preventive maintenance
with due term of 8 years. The basic scope of maintenance
tasks is given in chapter 5 of the regulation. The main task is
revision and/or replacement of components and assemblies.
There must always be a protocol issued on the regular
technical check.

3. “Extended due term of periodic repair +3IM“ - extended
operational period by 3 months after due term based on the
technical inspection. This can be done only on approval of
wagon’s ECM (entity in charge of maintenance).

4. “Regular technical check® - technical check carried out in
compliance with law. The main purpose is the check of actual
technical state and assessment of technical condition before
return to operation. Protocol on the technical check can be
issued only by a competent person.

5. ”Safety inspection - technical inspection is carried out in the
scope given in chapter 5 on freight wagons with 6 months
delay after medium or revision repair due term or on wagons
deposited more than 12 month for the purpose of transport
into maintenance workshop or physical disposal.

From the analysis of forms, technology and consequences
of current maintenance of railway wagons in Slovakia it can

be concluded that keeping the current state is not realistic and
economically probably unsustainable. That is why a system change
aimed at rationalisation and improved maintenance effectiveness
is necessary. Change of maintenance systems of railway vehicles
must be based on their increased availability at more effective
maintenance costs. Proposed transformation change is aimed at
transition from current predetermined maintenance to predictive
(reliability centred - condition based) maintenance.

3. Utilisation of theory of reliability

For utilisation of reliability characteristics in the maintenance
of railway vehicles, the following questions should be answered:
1. How can the reliability characteristics be determined?

2. Is there a reason for their determination?

3. Is it reasonable to analyse elements or whole systems?

4. Which reliability characteristics are the most important for
maintenance? And are some of them meaningful?

5. How, when, where and in what extent should the reliability
characteristics be determined?

6. How can the calculations of reliability characteristics help in
creation of maintenance systems?

Reliability of the already operated railway vehicles (because
these are the most important for maintenance) was built-in
during their design and manufacture phase (inherent reliability).
Maintenance itself cannot increase these built-in reliability
properties (but can preserve them).

Creation of maintenance system (based on the reliability
theory) can be divided into the following steps:

1. Determination of reliability characteristics (by mathematical-
statistical methods).

2. Determination of optimum periods (intervals) of operation of
components until the planned maintenance action. It is based
on element’s reliability and costs for planned (preventive)
and unplanned (corrective) maintenance.

3. Creation of maintenance system. It is based on determined
times (intervals) between maintenance for elements and costs
of maintenance [6].

3.1 Statistic and parametric reliability of elements

In the reliability theory we look at failures in a mathematical-
statistical way as random phenomena because we are not able
to reliably determine in advance the moment of occurrence of
a failure and its extent because of complexity of phenomena
related to the failure. Reliability analyses are carried out especially
in the phase of concept definition, in the phase of designing
and development and in the phase of utilisation (operation and
maintenance) on different levels of structure breakdown for
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evaluation and estimation of reliability parameters of an item
(element or system).

Stochastic reliability models can be determined from the
detailed knowledge of behaviour of a given set of objects in
operation. They must provide generalisation of obtained findings
also on other similar items that were not directly subject of
investigation.

Implementation of statistical methods needs the following
subsystems:

1. System of information collection on operational reliability;

2. System of selection, use and primary analysis of evaluated
sample of objects;

3. System of quantification of reliability indicators (parameters)
of elements of objects;

4. System of quantification of object’s reliability as a system;

5. System of consequent technical analysis and implementation
of obtained knowledge in operation, maintenance etc.

The most suitable theoretical model that optimally characterises
reliability of engineering products is a Weibull model in particular
because in its generality it covers virtually most of possible
function courses of random quantities of items reliability [7] and
[8]. Weibull distribution function (three-parameter) is expressed
by equation:

t—c

F(t)=1-¢ fort >0 )

where: a > (0 is a scale parameter, b > 0 is a shape parameter, ¢ is
a location parameter

On this basis 5 fundamental reliability parameters (indicators)
are defined: failure probability Q(¢), reliability probability R(?),
probability failure density f{7), failure rate A(7), mean operation
time to failure 7 . In Fig. 1 failure density and failure rate are
illustrated.

Indicators of parametric reliability are the same as for statistic
reliability and can be calculated in accordance with the selected
model of parameter change. For calculations of indicators of
parametric reliability it is necessary to determine equation of
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parameter change with initial value and a velocity of its change
using a suitable method (Fig. 2).
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where @ is Laplace function
Fig. 2 Model of gradual failure formation (generalised) and
calculation of reliability R(T)

4. Optimisation model of maintenance intervals

Time, or mileage, to repair can be determined for components
reliability. To ensure required reliability level, planned preventive
maintenance actions are carried out after a predetermined mileage
L (km). For simplifying the mathematical model we assume that
the duration of maintenance action is short compared to up-time
(operation without failures).

Because of carrying out the maintenance, operation time
of components will have a cut distribution f{/) with mean value
Lm . Value Lm depends on the degree of cut, that is, the value of
selected interval between maintenance L.

Probability of failure of a component during the interval
L (km), which is the probability of corrective (unplanned)
maintenance of the component, is

0.025
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0.015

0.010

Failure rate Aft)
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0.000

Fig. 1 Reliability parameters for Weibull distribution function for different b
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The probability that a component is working without failure
during L (km) and will be replaced (or restored) in planned
maintenance is

R(L)=1—Q(L>=1—ff(l)dl 3)

The task of determination of optimum interval between
maintenance works leads to determination of such interval L
between planned (preventive) maintenance in which the total
costs for keeping objects up-state will be minimum.

We will determine overall costs connected with restoring
failed components of i-th subsystem during the interval L’ (km);
for this we will use the designation:

C, - mean value of i-th subsystem in corrective maintenance
costs (besides direct costs for repair, the production and other
induced losses should be included);

C, - mean value of costs of component of i-th subsystem in
preventive maintenance.

Maintenance costs for intervals L’ (km) will be calculated
using the formula for calculation of M, that is the mean value
of costs for restoring one component of i-th subsystem for
the interval Lstr (km) in the ratio of costs for preventive and
corrective maintenance:

oo

[R(1)-a

M=*———[1-(1-p)-R(L)] )
[R(1)-a
0
where: p = C, / C, - ratio of costs for
preventive and corrective maintenance.

Condition CP < CN is assumed; then value of p is within the interval
0<p<lL

From (4) it concludes that M is a function of selected interval
between maintenance L and depends on the type and parameters
of probability distribution function and also on ratio of costs
p. For analysis of solution of function M it is necessary to find
analytical expression for various types (most commonly used) of
failure probability distribution functions.

For Weibull distribution:

F(l +%>-[1 —(1=p)-e™]

Of e - dv,

For analysis of the formula (5) we use a graphic interpretation
of M = f(Oe, p, b) in Fig. 3 for b = 3.43 and for various values
of p. Optimum interval for maintenance can be found at the

M=

(%)

minimum of the function M. From the minimum of function M

we obtain the value of optimum mileage (in km) multiplying M by
a (scale parameter of Weibul distribution).

Relative costs M for Weibull distribution; with b=3.43
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Fig. 3 Graph of relative costs M for Weibull probability distribution
with shape parameter b = 3.43

5. Reliability Centred Maintenance and ECM

Because of inaccessibility of the data from operation of
railway vehicles it is not possible to fully use the methods of
a posteriori reliability for determination of maintenance tasks.

Both maintenance regulations for railway wagons follow
the conventional maintenance systems. RCM method takes into
consideration failure consequences and CONSEQUENCES are
evaluated as RISK.

Complex definition of RCM is: “Process used to determine
what must be done to ensure that any physical asset continues to
do whatever its users want it to do in its present operating context*
[2]. When evaluating consequences one of the decisive categories
is RISK.

The railway undertakings or the infrastructure managers
should ensure, through their safety management system, the
control of all risks related to their activity, including the use
of contractors. To this purpose, a railway undertaking should
rely on contractual arrangements involving entities in charge of
maintenance for all wagons it operates. This could be a contract
between the railway undertaking and the entity in charge of
maintenance or a chain of contracts involving other parties, such
as the keeper. These contracts should be consistent with the
procedures outlined by a railway undertaking or an infrastructure
manager in its safety management system, including for the
exchange of information [9].

Risk assessment is a structured approach to assess risks
associated with the maintenance of freight wagons, including
those directly arising from operational processes and the activities
of other organisations or persons, and to identify the appropriate
risk control measures.
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Complex process of risk assessment is shown in Fig. 4. This
process can be applied in general as well as for risk assessment of
freight wagons [10].

The organisation must have procedures for:

1. analysing risks relevant to the extent of operations carried
out by the organisation, including the risks arising from
defects and construction non-conformities or malfunctions
throughout the lifecycle;

2. evaluating the risks referred to in point (a);

3. developing and putting in place risk control measures.

The organisation must have a procedure to regularly collect,
monitor and analyse relevant safety data, including:

1. the performance of relevant processes;

2. the results of processes (including all contracted services and
products);

3. the effectiveness of risk control arrangements;
information on experience, malfunctions, defects and repairs
arising from day-to-day operation and maintenance.

For solutions within RCM, a FMEA method (Failure Mode
and Effect Analysis (FMEA) is used, which in RCM is formalised
as RCM information and RCM decision form.

The FMEA is a systematic set of actions carried out with the
purpose to:

1. identify and evaluate possible failure of a product/process and
consequences of this failure,

2. determine measures that would reduce probability of creation
(occurrence) of possible failure,

File Edit View Administration Editors CARM Server Consolidation Tools Window Help

3. document the whole process.

It completes the process of definition of what the design or
process for customer’s satisfaction should fulfil.

The FMEA method represents a team work aimed at
definition of possible failure modes and their consequences.
Based on experience it is said that by this method it is possible
to reveal 70 - 90% of failures. Base and purpose of FMEA is
to exclude, or to acceptable level reduce failures of production
processes and products during their utilisation by minimising the
risk number R. Risk number R is given by multiplication of failure
occurrence probability ranking Z, severity of failure consequences

V and probability of preventive failure detection D:

R=Z V=D (6)

At the Department of Transport and Handling machines we
have been using FMEA process supported by software tool 1Q
RM PRO 6. Structured risks of a freight wagon created by this
program are shown in Fig. 5.

6. Conclusions

Trends to minimise risk in railway operation are among the
most important topics in Europe. European commission through
its regulation Commission Regulation (EU) No 445/2011
intends to improve safety of railway, especially freight transport
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Fig. 5 Risks of a freight wagon (example)
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by creating system of certified ECMs (Entities in Charge of
Maintenance) that are fully responsible for performing all
maintenance functions properly. The Department of Transport
and Handling Machines, University of Zilina, was recognised as
an ECM certification body. It has audited and certified most of
the railway freight wagons operators in Slovakia. Generally, it can
be concluded that the certification process forced the rolling stock
maintenance operators to review their approach to risks and to
start new thinking of risk management.
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