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SYNTHÈSE:

Après avoir testé les techniques d'Optimisation de la Maintenance par la
Fiabilité (OMF) sur les systèmes utilisés dans les centrales nucléaires, EDF les a
désormais étendues à la totalité de ses centrales nucléaires. A la lumière de cette
expérience, EDF s'est engagée en 1992 dans une étude pilote portant sur une cellule
ligne d'un poste 400 kV. La méthode OMF appliquée a profité de la politique de
maintenance d'EDF, introduite il y a cinq ans sur tous les postes, et qui a amélioré les
perspectives de fiabilité.

La sélection des tâches de maintenance devant prévenir l'apparition des
défaillances met en jeu deux critères sur les défaillances : la fréquence et la gravité, et
deux critères sur les tâches de maintenance: l'efficacité et la fa

Le résultat final de l'OMF appliquée à la maintenance des postes permet de
classer les tâches de maintenance dans les catégories suivantes : 1) tâches de
maintenance indispensables, 2) tâches facultatives en fonction du type et de
l'emplacement du poste, et de facteurs dépendant de la politique locale de gestion et de
maintenance, et 3) tâches non nécessaires.

G. Héroin, J. Aupied: Electricité de France, Direction des Etudes et
Recherches, 1 avenue du Général de Gaulle, 92141 Clamart

G. Sanchis : Direction EDF Production Transport, Immeuble Ampère, 34-40
rue H. Régnault, 92400 Courbevoie
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EXECUTIVE SUMMARY :

EDF, after testing Reliability Centred Maintenance (RCM) on systems used in
nuclear power plants, has now successfully extended RCM to all of its nuclear power
plants. In the light of this experience, EDF has committed itself to a pilot study on a
line bay of a 400 kV substation in 1992. The RCM method as applied benefited from
EDF's policy of maintenance, introduced five years ago on all substations, which has
enhanced prospects of reliability.

The original feature in the selection of maintenance tasks was that it brought
into play two criteria for failure assessment: frequency and seriousness, and two
criteria for maintenance task selection: efficiency and facility.

——~ The final outcome of RCM as apptiea to substation maintenance is to categorise
maintenance tasks into: 1) essential maintenance tasks, 2) optional tasks, depending on
the type and location of the substation, as well as an^factors relating to local
management of maintenance policy; and 3) •
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Introduction

Maintenance policy for high voltage substation equipment operated by Electridte de France has
reached a stage of maturity. Satisfactory durability of equipment and facilities has been achieved
overall, following the creation of the Scheduled Preventive Periodic Maintenance (SPPM) policy, in
1986.

However, under today's twin objectives - quality, at best cost - for electricity, the need arises to
identify and pursue a policy of rational and controlled use of resources. As maintenance is one of the
key instruments hi the pursuit of quality at best cost for electricity, it was only natural for EDF
Generation and Transmission Division (DEPT) to pay special attention to possible advances in this
field. The experimental adoption of a recent concept, Reliability Centred Maintenance, which had
been tried and tested in other sectors, appeared as the natural and appropriate next step.

With the support of DEPT, EDF's Research and Development Division (DER) was asked in 1992 to
conduct an experimental assessment of the RCM method on a subsystem of a power substation.

The test system was a 400 kV line bay, whose electrical environment is shown diagramaticany in
Figure 1. It comprises electrotechnical equipment, an independent control-command system,
auxiliaries and infrastructure. As the link between the substation busbars and the one overhead Ike
connecting the two substations, the line bays' missions are to eliminate every fault appearing on the
line, and to open and close the circuits on operational orders.

— circuit breaker

— selector switch disco

earthing switch

— measure transformer

— control-command

auxiliary circuits

— infrastructure

busbar

Figure 1
System studied/400 kV line bay



RCM method - a review

The aim of the RCM method is to focus maintenance actions on the objective of preventing the so-
called critical Mures which prevent mission completion, and which is taken to include the cumulate
effect of two factors, seriousness and frequency. The end aim of maintenance is not so much the
availability of the equipment specifically maintained, but the on-going maintenance of the wider
mission or system itself in working order. From the technical point of view, three consequences arise
from this broader approach :

• The concept of mission implies a functional approach, hence, functional analysis of a system and
its components needs to be undertaken.

• The need for extended performance in time raises questions as to the actual frequency of unwanted
effects and of failure modes (or loss of mission). Hence, the need for the parallel treatment of a

of information gathered from experience feedback.g p
The concept of applicability of elementary maintenance actions means that questions as to
efficiency, facility, and cost are raised. Hence, the approach must incorporate
knowledge gathered from the field or supplied by experts.

The basic steps of the method are :

• Analysis of failure modes by classic methods (Functional Analysis, analysis and processing of
experience feedback, and FMECA) and classification of the failures, through the criticality
criterion.

• Analysis of possible maintenance tasks and classification, through the applicability criterion.
• Selection of maintenance tasks, with a view to preventing the most critical failure modes and then*
consequences, in order to define a maintenance programme. Hence, after classifying failures, a
decision-making approach based on systematic criteria (criticality of the failures and applicability of
the maintenance tasks) makes it possible to elaborate a rational maintenance strategy, broadly based
on the lessons to be learned from the current maintenance programme.

The maintenance programme developed from such an approach prioritises actions according to their
applicability rating, while it also gives full play to practical features of work out in the field, where
the ability to pool tasks, coordinate teams, etc., comes into play.

The success of the approach is thus dependent on the active involvement of a sufficient number of
representatives of the operational staff, alongside the development team.



High voltage substation - Application of RCM

Figure 2 illustrates the sequence of the various phases of the pilot study.
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Figure 2
Organisation chart of pilot study

The pilot study took place as follows :

Functional analysis

The FAST (Functional Analysis System Technique) method was used. Its tree-form flowchart shows
the various characteristic functions of the substation. The result is a table, in which the links between
equipment functions and equipment sub-components are identified.

Experience feedback

The analysis of RCM experience feedback differs from studies of equipment behaviour. Because
standard experience feedback resources are inappropriate to the RCM functional approach,
information on equipment breakdown must be manually translated into failure mode patterns.
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Figure 3
RCM processing of experience feedback

To overcome some of the deficiencies of feedback of experience in its classic form, and to
compensate for the fact that the number of events occurring is small, Bayesian methods for data
processing were used, dependent on a software operating in the WINDOWS environment. Surveys
of equipment experts provided judgement on the likelihood of failure of the individual components of
any system under study. Such information, combined with the statistics of experience feedback,
enabled us to apply the Bayes theorem and so evaluate, improve, and above all validate our estimates
of the frequency of occurrence.

FMECA - (Failure Modes, Effects and Criticality Analysis)

FMECA is the final stage of failure analysis. Here, the 400 kV system studied made it harder to
quantify seriousness, which caracterises the consequences of a failure. There were a number of
reasons for this:

• The cost of loss of power delivery (unwanted end effect) was difficult to estimate, because of the
high degree of redundancy in line interconnections at this voltage leveL

• There is considerable uncertainty regarding estimates of failure rates, due to the very small number
of units of switchgear involved, and the infrequency of events (such as short-circuits), winch bring
the protection devices-into play.

• By the nature of things, the existence of failure modes that are simply indicative of incipient failure
(evolving situations such as earth leakage currents evidenced by the one-off tripping of
switchgear,...) makes it more difficult to calculate the 'long-term " probability of occurrence of the
unwanted end effect

Consequently, the classification of seriousness of each failure is qualitative and depends on the
various considerations summarised below:

• loss of busbar.
• loss of outgoing feeder from power station to substation (attempt at island operation of power
station).
• destructive loss of equipment (explosion, fire, etc.).
• loss of transformer.



• part of network at risk.
• substantial non-distributed energy on outgoing feeder.
• unacceptable cost incurred by failure.
• unacceptable lack of availability.
• security.

Seriousness can be rated from 1 to 4, depending on the type of line bay studied, or the strategic
position of the substation.

Tasks Analysis phase

In the upstream selection of tasks, the aim of analysis is to study all possible maintenance tasks which
can contribute to preventing failure modes, and to identify their characteristics. The high level of
traceabflity required thus became a characteristic of the project: The parameters were :

• Efficiency.
• Facility (of implementation).

The level of efficiency depends on the probability of preventing the occurrence of a failure mode for
a sub-component.
Different considerations assist in the assessment of the level of facility, among them:

• Manpower.
• Unavailability caused by the task.
• Preparation and equipment required for the task.
• Security aspects.
• Cost of task.

Efficiency and facility are combined to form a single criterion for each maintenance task:
applicability.

Selection of maintenance tasks

Taken together, the previous stages provide us with analyses whose purpose is the parameter-
dependent characterisation of failures (criticality) and of maintenance tasks (applicability).

Selection is based on a decision-making and assessment table, which takes into account the above
two criteria:

• CRinCAIJTY rates of the failure (itself the result of seriousness multiplied by frequency).
• APPLICABILITY rates of the maintenance task (the result of efficiency multiplied by facility).

This table (see Figure 4) breaks down into three fields. This makes it possible to classify each
maintenance task into one of three categories :



• Essential tasks: tasks which are part of a basic maintenance programme, and must be carried out,
as they involve critical failures, for which the corresponding task is both efficient and easy to
implement, e.g.: functional test of circuit breaker control.

• Optional tasks: recommended tasks, which may be implemented or not, depending on local
constraints or objectives. Some of them may be regrouped alongside esential tasks, in which case
they will be easier to implement, e.g. Equivalent Salt Deposit Density measurement on a reference
insulator in a polluted zone.

• Unnecessary tasks: failures are not rated as critical enough, or tasks are not rated applicable
enough. Such maintenance tasks are not taken on, but are stored in the data base, for possible
updating, in which case the values of some of the parameters may change, and with them their
class, e.g.: measurement of earth circuit impedance of the infrastructures in a hue bay.
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Figure 4
Principles of decision

After an initial automatic selection, based on the analysis of the maintenance tasks taken separately,
maintenance operators should validate manually.
The validation process provides a non-analytical overview of the maintenance tasks, for the purposes
of detecting errors or inconsistencies between the tasks to be selected or rejected. Finally, this
control wfll ensure that the initial selection is internally consistent.
Slight modification in the frequency of tasks wfll make it possible to optimise and to prevent repairs
or interventions, which, if they were to take place separately, might be far more costly when they are
carried out in periods of scheduled non-availability, because other tasks are being carried out.

After these various analyses of reliability, maintenance, and their validation, the RCM approach
finally proposes a maintenance schedule, regrouping selected and validated tasks. These tasks are
regrouped by:
• Common periods of maintenance.
• Common types of maintenance.



The advantage of regrouping is to propose a repair schedule where interventions are grouped by
maintenance technique. This allows for forward planning and for the necessary human, technical,
and maintenance resources, and required budgeting.

The RCM method, among other things, proposes a dynamic maintenance schedule.
The component parts of the analyses are updated, involving, for example :
• Updating of failure rates.
• Making allowance for new types of Mure (for example, if a generic failure mode appears).
• Proposing new maintenance techniques.
• Eliminating inefficient or obsolete maintenance tasks.
• Adjusting certain maintenance periods.

This loop-back is the experience feedback process, and the concern here is to optimise both
reliability and maintenance costs.

Note: Asa complement to failure analysis (assessment of criticality), and analysis of maintenance
tasks (assessment of applicability), maintenance and failure costs have been studied through research
and development modelling, so providing an extra insight into cost aspects.
The advantage of this approach is that it assists in the choice of the appropriate task, by quantifying
costs. However, the disadvantage is the complexity of the calculation, and the uncertainty as to the
cost of the consequences of failure in an intermeshed network.
This new approach remains to be validated, and is presented in its principles below.

Comparison is made between gain expected as compared to costs of losses. If the gain is less than
the costs generated, the task is rejected.

Gain. This is the expected gain or improvement over the current level of criticality. The probabilistic
approach is based on the formalism of the status graphs.
Note that while observations are too infrequent to allow for the identification of ageing, as evidenced
by an increase in the rate of failure over time, experts are able to give an opinion on the degree to
which the failure mode can be expected to evolve. This is done on the basis of the estimated time
between failure and its unwanted longer term end effect Transitions from status to status are hence
assumed to be independent of time, which makes it possible to move to simplifications of the
Markovian modeL This makes it possible to determine the probability of the unwanted status, the
consequences of whose failure have been quantified. From this the criticality of the mode of failure
which the maintenance operations are attempting to minimise can be derived by multiplication.

Figure 5 symbolically illustrates the concepts involved in the difficult matter of striking the best
balance between appropriate type and intervals of maintenance, and the reduction of incidents:
execution of maintenance task (status 3) prevents propagation of a degradated status (status 2) to
ultimate undesked status (status 4) by means of efficiency and period. Average time between status
2,3, and return to status 1 ("OK") will determine the average probability of appearance of undesired
status 4.
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Figure 5
Influence of maintenance on failure

Costs. This is a matter of the cost of labour and parts, increased by the cost of the possible
scheduled non-availability which may exist prior to the scheduled maintenance, the non-availability
generating an increased susceptibility to failure of the network.

Results

An important feature is the scale of the analysis undertaken during this pilot study: 120 elementary
components, 300 failure modes and 250 possible tasks have been identified and analysed by working
groups dedicated to each item of equipment New problems identified have led to a strong incentive
to challenge existing solutions and make improvements. New methods have been experimented, such
as the Bayesian approach to experience feedback, and cost assessments in line with current concerns
for research in the Generation - Transmission Field.

Even at this initial stage of the feasibility study, the large number of required parameters has led to
the need to automate calculations in part, without thereby excluding the need for manual checking of
results. Not only is it important to eliminate time-consuming calculations by automating them, a
further advantage of the method is the ease with which parameters can be varied to suit its
application to special circumstances, and even to consolidate decision-making if data of special
uncertainty are involved.

Another result of the feasibility study is that it prepares for wider dissemination of the RCM method
to other types of equipment and line bays.
Indeed, in the various stages of the method, it has been possible to develop a number of databases:

• Functional analysis tables, which link components in each hern of equipment to their functions.

• Estimate of failure rates per item of equipment, per component, based on experience feedback, and
expert judgement, as well as Bayesian processing.

• Tables suggesting maintenance tasks per equipment type.



• FMECA tables which bring together all the information in a highly structured manner, so creating
the potential for future processing.

All these databases can be made available for similar items of equipment, although located in
different bays and substations. Some modifications will be required, if the initial information is to
become fully comprehensive.
A number of ratings, such as seriousness, which are dependent of bay type, or on the strategic
location of a substation within the national network, may also need to be adjusted in the light of
these factors.

Conclusion

The RCM method has proven its interest in this pilot study. Over and above the special project-
related technical objectives, a number of other attractive key features should be borne in mind:

• On the organisational level, specialists with complementary knowledge from different fields
(reliability experts, maintenance experts, operators, equipment managers, etc.) are engaged in the
reciprocal transfer of knowledge, to the benefit to all involved.

• RCM as a functional approach may be re-employed in other fields, such as value analysis of new
equipment. In particular, the identification of critical failures which are difficult if not impossible to
prevent by maintenance, sheds light on the need for new designs (case of auxiliaries wires for
instance).

• Experience feedback methods employed here are a source of progress for the future, particularly as
regards the benefits of the Bayesian approach, which associates expert assessment with data
collection.

However, this rigorous approach does require a substantial investment in human resources. The next
step wnl be to adapt the approach to an RCM operational mode which is specifically suited to field
operations. The use and updating of RCM has to be transferred into the ownership of the
maintenance technicians themselves, the user community.
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