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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRIC ENERGY SUPPLY NETWORKS - GENERAL ASPECTS
AND METHODS FOR THE MAINTENANCE OF INSTALLATIONS
AND EQUIPMENT

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote interna-
tional co-operation on all questions concerning standardization in the electrical and electronic fields. To this
end and in addition to other activities, |IEC publishes International Standards, Technical Specifications, Tech-
nical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publica-
tion(s)"). Their preparation is entrusted to technical committees; any IEC National Committee interested in the
subject dealt with may participate in this preparatory work. International, governmental and non-governmental
organizations liaising with the IEC also participate in this preparation. |IEC collaborates closely with the Interna-
tional Organization for Standardization (1SO) in accordance with conditions determined by agreement between
the two organizations.

The formal decisions or agreements of [EC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all inter-
ested |EC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
FPublications is accurate, IEC cannot be held responsible for the way in which they are used or for any misinter-
pretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence be-
tween any |IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

Mo liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and |IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and ex-
penses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publica-
tions.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. In excep-
tional circumstances, a technical committee may propose the publication of a Technical
Specification when

the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical Specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 63060, which is a Technical Specification, has been prepared by IEC technical com-
mittee 8: System aspects of electrical energy supply.
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The text of this Technical Specification is based on the following documents:

Enquiry draft Report on voting

8/1470/DTS 8/1488/RVDTS

Full information on the voting for the approval of this Technical Specification can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e transformed into an International Standard,

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

Maintenance (MA) and maintenance support provide an important contribution to ensure the
reliability of components and electric installations throughout their operating life cycle. The
correct functionality, performance, and reliability will be achieved by providing the necessary
maintenance in conjunction with adequate design, construction, maintainability and installa-
tion quality, and by their proper usage. Other parameters besides maintenance affect the
safe, secure, and reliable operation of electricity networks. For example: network topology,
spare parts, new investment, technology, network conditions, know-how, staff, etc. The op-
tion(s) used is/are the responsibility of the company.

The extent and type of maintenance and maintenance support correspond to the type of
equipment and installations, their constitution and required availability, as well as other fac-
tors such as operational and environmental condition, and operating experience.

Inappropriate, irregular or missing maintenance could lead to premature functional failures
which reduce the availability of equipment and installations, could lead to consequential dam-
age, and shorter asset life cycles. Functional failures can lead to operational consequences
and need to be assessed accordingly. Safety aspects have to be considered at all times.

The purpose of this document is to describe, in general terms, the management methods,
processes, and techniques with regard to the maintenance of installations and equipment,
which are necessary to achieve public safety, reliable operation, and acceptable reliability for
installations and equipment.

In this document, the term "network operator” and “system operator”™ are used for the network
owner, asset manager, and maintenance provider.

Copyright International Eleciratechnical Commission
Providid by IHS Markit under license with IEC
Mo reproduction or networking permitted without license from IHS Mot for Resale, 02/20/2019 01:35:54 MST



IEC TS 63060:2019 © IEC 2019 -7 -

ELECTRIC ENERGY SUPPLY NETWORKS - GENERAL ASPECTS
AND METHODS FOR THE MAINTENANCE OF INSTALLATIONS
AND EQUIPMENT

1 Scope

This document provides guidance to develop maintenance requirements of installations and
equipment in electric power networks. It is primarily meant for the operators of electric power
networks, particularly those of public power supplies, including High-Voltage DC transmission
(HVDC). This scope does not include:

— railway networks,

— installations of end consumer networks,

— installations for electric power generation.

Crises handling, e.g. in emergency situations, is not within the scope of this document.

NOTE Consumer networks (e.g. networks of chemical companies, traffic lights and street lighting) are installations
which are not used to distribute electric energy to further consumers. The main scope covers public networks, but
the general recommendations can be applied to other networks.

2 Normative references

There are no normative references in this document.

3 Terms and definitions
For the purposes of this document the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following ad-
dresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

maintenance

combination of all technical and managerial actions intended to retain an object in, or restore
it to, a state in which it can perform as required

[SOURCE: IEC 60050-192:2015, 192-06-01, modified — In the definition, "item" has been re-
placed with "object".] [1] 1

3.2

maintenance concept

maintenance policy

definition of the maintenance objectives, line of maintenance, indenture levels, maintenance
levels, maintenance support, and their interrelationships

1 Numbers in square brackets refer to the Bibliography.
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Mote 1 to entry: The maintenance concept provides the basis for maintenance planning, determining supportabil-
ity requirements, and developing logistic support.

[SOURCE: IEC 60050-192:2015, 192-06-02] [1]

3.3
corrective maintenance
maintenance carried out after fault detection to effect restoration

[SOURCE: IEC 60050-192:2015, 192-06-06, modified — Note 1 to entry has been deleted.] [1]

3.4
preventive maintenance
maintenance carried out to mitigate degradation and reduce the probability of failure

[SOURCE: IEC 60050-192:2015, 192-06-05, modified — The second term and Note 1 to entry
have been deleted.] [1]

3.4.1
condition-based maintenance
preventive maintenance based on the assessment of physical condition

Mote 1 to entry: Condition-based maintenance is derived from the analysis and determination of parameters which
characterize the deterioration of the object

[SOURCE: IEC 60050-192:2015, 192-06-07, modified - Note 1 to entry has been
changed.] [1]

3.4.2

periodic maintenance

time-based maintenance

maintenance carried out in accordance with a specified time schedule

Note 1 to entry: Periodic maintenance may identify the need for some corrective maintenance action.

[SOURCE: I|EC 60050-192:2015,192-06-12, modified — The terms defined have been
changed.] [1]

3.5

reliability-centred maintenance

RCM

systematic method for determining the respective maintenance actions and associated fre-
qgquencies, based on the probability and consequences of failure

Mote 1 to entry: RCM studies may be conducted at any indenture level of a system.
Note 2 to entry: Data used may be derived from analysis (e.g. FMECA) and experience (e.g. FRACAS).

Note 3 to entry: RCM studies may provide feedback to initiate modifications of design or procedures to effect im-
provements.

[SOURCE: IEC 60050-192:2015, 192-06-08] [1]

3.6

maintenance task

maintenance action

sequence of elementary maintenance activities

EXAMPLE Fault localization, fault diagnosis, repair, and function checkout.

Mote 1 to entry: Maintenance can be completely divided into the following tasks:

Copyright International Eleciratechnical Commission
Providid by IHS Markit under license with IEC
Mo reproduction or networking permitted without license from IHS Mot for Resale, 02/20/2019 01:35:54 MST



IEC TS 63060:2019 © IEC 2019 -9 -

— inspection;

— routine maintenance;
— overhaul;

— repair;

— improvement.

[SOURCE: IEC 60050-192:2015,192-06-11, modified — Note 1 to entry has been added.] [1]

3.6.1

inspection

activities to determine and assess the actual condition of an object, including the determina-
tion of the causes of wear and deriving the necessary conclusions for future use

Note 1 to entry: The term "condition determination” is described in detail in Clause B.1.

3.6.1.1

operational inspection

on-site inspection

activities carried out by pure visual observation with the aim of checking the recognizable
condition of the object from outside

Note 1 to entry: Operational inspections are to be understood as checks to fulfil the legal duty to maintain safety.
The inspection may be made by car or from the air (surveying flying).

Mote 2 to entry: Operational inspection is the simplest form of inspection.

3.6.1.2

visual inspection

activities carried out by observation with the human senses and by recording simple condition
variables

Mote 1 to entry: Obvious function defects are recorded.

Mote 2 to entry: Observation with the human senses can include simple tools like cameras and drones.

3.6.1.3

online monitoring

continuous or periodic detection, under energized condition, to verify that the parameters of
an object lie within formulation limits

3.6.1.4
function check
action to confirm that an object is able to perform the required function

3.6.1.5

condition investigation

activities carried out by defined measurements, which can be a routine measurement or spe-
cific test, to make an assessment of the actual condition of the considered equipment

Note 1 to entry: Diagnostic indicators that may be used for the condition investigation can be derived from the
operational experience that is the analysis of fault situations and causes of faults.

Note 2 to entry: Condition investigation within the scheduled inspection ensures that occurring defects can be
detected and corrected at components.

3.6.2
routine maintenance
regular or repeated simple preventive maintenance activities

Note 1 to entry: Routine maintenance may include for example cleaning, tightening of connections, replacement
of connectors, checking liquid levels, lubrication, etc.
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Mote 2 to entry: Activity to delay the degradation of the existing degree of wear. The degree of wear is the re-
serve of the possible functional compliances under specified conditions which an object does possess due to the
construction as well as service activities.

[SOURCE: EN 13306:2010, 8.5] [2]

3.6.3

overhaul

comprehensive set of preventive actions carried out, in order to maintain the required level of
performance of an object

Note 1 to entry: Overhaul may be performed at prescribed intervals of time or number of operations.

Note 2 to entry: Ovwverhaul may require a complete or partial dismantling of the object.

[SOURCE: EN 13306:2010, 8.6] [2]

3.6.4
repair
direct action taken to effect restoration

Mote 1 to entry: Repair includes fault localization (IEV 192-06-19), fault diagnosis (IEV 192-06-20), fault correc-
tion (IEV 192-06-21), and function checkout (IEV 192-06-22).

[SOURCE: IEC 60050-192:2015, 192-06-14] [1]

3.6.5

improvement

combination of all technical, administrative and managerial actions, intended to ameliorate the
reliability and/or the maintainability and/or the safety of an object, without changing the origi-
nal function

Mote 1 to entry: Improvements can be useful if, for example, operating experience and inspection results identify
systematic problems that demonstrate that the previous function security is not sufficient.

[SOURCE: EN 13306:2010, 8.12] [2]

3.7
failure
termination of the ability of an object to perform a required function

Mote 1 to entry: After failure the object has a fault, which may be complete or partial.

Note 2 to entry: "Failure" is an event, as distinguished from "fault", which is a state.

[SOURCE: EN 13306:2010, 5.1] [2]

3.8
reliability
ability to perform as required, without failure, for a given time interval, under given conditions

Mote 1 to entry: Reliability is used only for general descriptions in non-quantitative terms.

[SOURCE: IEC 60050-192:2015, 192-01-24, modified — The notes to entry have been deleted
and a new note to entry has been added.] [1]

3.9
functional security
defined degree of reliability and reserve of wear of an object
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3.10

maintenance object

object

particular equipment, particular installation or a group of equipment or installations which in
general are considered jointly with respect to the maintenance plan

EXAMPLE The equipment of a switching bay at a specific location.

3.11

maintenance object type

particular equipment, particular installation or a group of equipment or installations which in
general are considered jointly with respect to the maintenance concept or inspections

EXAMPLE Power transformers with certain properties, such as, size, design, manufacturer, and age.

3.12

maintainability

ability to be retained in, or restored to a state to perform as required, under given conditions
of use and maintenance

[SOURCE: IEC 60050-192:2015, 192-01-27, modified — The notes to eniry have been delet-
ed.] [1]

3.13
maintenance support
provision of resources to maintain an object

[SOURCE: IEC 60050-192:2015, 192-01-28, modified — In the definition, "item" has been re-
placed with "object".] [1]

3.14
testability
degree to which an object can be tested

[SOURCE: IEC 60050-192:2015, 192-09-20, modified — In the definition, "item" has been re-
placed with "object".] [1]

3.15

reserve of wear

<of an object> ability to withstand a cumulative deterioration caused by the stresses imposed
without losing its function while in use

Note 1 to entry: Stresses can be mechanical, electrical, etc.
4 General aspects of maintenance and maintenance management

The availability and power quality of a network is influenced by several criteria, e.g. topology
of the network, specification of components, maintenance, availability of spare parts, service
know-how, environmental condition, application, etc. In consequence, the network operator
has to consider which criterion (or criteria) is most influential to the performance of the net-
work. During installations’ design, the maintenance and the maintenance support should be
considered in connection with the functionality and maintainability of power networks.

The network operator has to decide whether all required tasks for maintenance and mainte-
nance support can be self-performed, or partly or fully commissioned to external contractors.
A clear definition of aims and responsibilities for maintenance and maintenance support is
important and has to be documented.
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In a conception of a network, a required reliability is assigned to each component. The objec-
tive of maintenance is to ensure the required reliability over the entire life cycle of compo-
nents. Maintenance and maintenance support have to be taken into account over the entire
life cycle. Already, when planning installations and procuring equipment, decisions are taken
that influence the effectiveness of maintenance activities in subsequent life cycle periods.
Figure 1 shows an example of the availability of a component depending on the life time. Dif-
ferent maintenance cycles (marked as strategy 1, 2 and 3) will influence the availability of the
components towards the end of the expected life time.

A

Availability
]

Strategy 1

0.8
Strategy 2

0.6

Strateqy 3

0,4

No service

0,2

Age
IEC

SOURCE: BALZER, G.; SCHORN, C. [3]

Figure 1 — Influence of maintenance actions with different strategies on the availability
of equipment

The optimal use of a maintenance strategy is occasionally obtained via the optimization of
conflicting parameters. These parameters consist of: Investment costs (CAPEX), operating
costs (OPEX), and energy not supplied or not transmitted, etc. The last parameter can be as-
sessed, for example, by an appropriate indicator (for example, System Average Interruption
Duration Index, SAIDI, refer to IEC 60050-692:2017, 692-08-03).

If condition-based maintenance is to be applied, it should be noted that additional investment
costs for monitoring or diagnostics occur and the corresponding know-how shall be available.
On the other hand, repair costs are avoided during the total operating period. In each case,
the financial efficiency should be considered [3][4].

The maintenance targets are derived from business objectives, consumer needs, and legal
requirements. The principles include:

— the realization of operational safety, particularly personal and third parties safety (includ-
ing occupational safety),

— property protection, including fire protection and protection of goods of other parties,

— environmental protection,
as well as:

— functional security,
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— value retention.

5 Management of maintenance

5.1

~13 -

Structure of maintenance management

Maintenance management, in accordance with this specification, includes at least the follow-
ing steps (see Table 1). These steps can be handled separately or combined.

Table 1 — Structure of maintenance management

ment

proved

nance

System step Result Content Clause
1 Definition of responsibility |Principles, e.g. in the form |« What are the objectives? 5.2
and principles of a guideline
« Assignment of responsibilities
2 Development of mainte- Maintenance concept and | Specification of maintenance object types 5.3
A nance concept basic structure of the _ _
documentation « Assignment of maintenance types to the
object types
« Description of maintenance tasks regard-
ing the object types
« |dentification of basic dates for inspections
3 Elaboration of mainte- |Maintenance plan e Readout of the maintenance documenta- 5.4
nance plan tion
'Y
« Arrangement of maintenance tasks to ob-
jects taking into account the available
maintenance budget
e Determine time frames for maintenance
tasks
4 Planning of mainte- |Plan of action (date, loca- |« Allocate resources for maintenance activi- 6.2
nance activities tion, resource) ties taking into account availability of
spare parts, human resources, subcon-
tractors, etc.
e Define schedule
e Instruction of maintenance
« Consideration of current operating and
network states
5 Performing of Object is maintained 6.3
maintenance activi-
ties
6 Documentation of Documentation for each e What was done when? 7
results object -
» \What conditions were found?
« Which additional maintenance action will
be provided?
« \What will be the condition after the activi-
ty?
7| Analysis of results Maintenance plan updated |« Were all tasks performed?
e Was a maintenance task assigned?
e« Was an improvement assigned?
« Was the maintenance plan updated?
8 Assessment and improve- |Maintenance conceptim- |« Techno-economic analysis of the mainte- 8

MOTE Arrows indicate possible recursion.
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5.2 Principles and roles

The network operator is responsible for planning and developing maintenance and mainte-
nance support. The network operator has to ensure the proper implementation of maintenance
activities. The organizational responsibilities have to be defined, assigned, and documented
for all maintenance activities.

During the concept, design and definition stages of an installation, maintenance principles
shall be defined that consider:

— general aims of maintenance and maintenance support,
— applicable laws and government regulations,

— required reliability, availability, maintainability (including testability), safety and health, en-
vironment, and costs,

— general specifications for maintenance and maintenance support.
The network operator is responsible for:

— defining maintenance principles,
— assuring that implementation and planning of maintenance is achieved,
— reviewing and adapting maintenance concepts with respect to operating experiences.

For this purpose, the network operator has to provide adequate resources (e.g. budget, staff,
and spare parts). The general procedure for performing maintenance is defined by mainte-
nance principles that serve as a guideline for planning, implementation, benchmarking, analy-
sis, and improvement of maintenance. The principles have to be documented.

The principles for planning maintenance activities are defined by the network operator. With
regard to grid development and grid planning, the planning of maintenance is oriented on
long, medium, and short term operational objectives, as well as regularly occurring condition
changes of equipment and installations.

The specifications of maintenance and maintenance support have to be verified on a regular
basis to consider changes in legal frameworks, operational requirements, and the develop-
ment of maintenance procedures. Corresponding changes may be necessary due to the age
of the object or based on the results of diagnostic tests, if available. If new equipment or in-
stallations are added or modifications are implemented, required adjustments in maintenance
and maintenance support should be considered.

If training is required, training documents, tools, and equipment have to be identified and pro-
vided, before entering the operational and planning phase. The training also has to be per-
formed during the phase of operation and maintenance.

Technical manuals and technical documentation should contain the information and proce-
dures that are necessary for the correct, safe, effective and economic implementation of
maintenance tasks.

5.3 Maintenance concept

The maintenance concept defines the precise procedure for maintenance types based on
maintenance principles.

The maintenance activities derived from a condition assessment (e.g. replacement, repair,
service, and overhaul) are not defined in this document but are the responsibility of the net-
work operator. Test cycles are not the subject of this document, but are to be defined by the
system operators in self-responsibility.

The maintenance concept of an electric supply network includes the following:
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— structuring of equipment and installations regarding maintenance object types;

— assignment of the types of maintenance to the maintenance object types and description
of associated maintenance tasks, possibly dependent on operating conditions, environ-
mental conditions, or other circumstances — see Annex A;

— defining of parameters dealing with criticality of equipment, e.g. impact on global quality
and reliability of the network;

— defining of parameters for the specification of the maintenance types, e.g. as appropriate
deadlines/frequencies for the execution of maintenance activities, depending in particular
on the useful life, fault rate, and operational experience.

NOTE Details are described in Annex B

The following aspects have to be taken into account in the maintenance concept:
— operating experiences with installations and equipment (degradation mode, efficiency of
maintenance tasks, etc.);

— recommendations of the manufacturer as appropriate, taking into account factors such as
official regulations, safety considerations, environmental conditions and economic conse-
quences of a failure;

— analysis of installations and equipment using a structured procedure to ensure functionali-
ty (possible criteria are condition, reliability, etc.);

— analysis of criticality of equipment on quality and reliability of the network.
5.4 Maintenance plan

Based on the maintenance concept, the characteristic of the respective types of maintenance
for each equipment and installation are defined in terms of the content of the activities, the
time frame, and the available budget.

The maintenance plan contains the following maintenance tasks:

— inspection (operational inspection, visual inspection, online monitoring, functional check
and condition investigation);

— routine maintenance;

— overhaul;

— repair;

— Iimprovement.

The result of this planning process is to create a maintenance plan that contains all common
maintenance tasks to be performed for a sufficiently long time period.

The maintenance plan has to be issued in a way that guarantees the implementation of the
maintenance concept in terms of both time and content. Statistically foreseeable events,
whose respective time of occurrence is unknown, are also to be taken into account. The man-
agement of such events requires provision of dedicated maintenance resources to be kept on
call. As appropriate, planning with a priority system may improve efficiency.

The maintenance plan is the basis for commission and implementation of the particular
maintenance activities. It defines location, time frame, form and extent of tasks for each ob-
ject and the associated maintenance support.

6 Conducting maintenance tasks

6.1 General

It shall be ensured that the planned maintenance tasks are performed completely and in ac-
cordance with the concept. To ensure the implementation of the planned maintenance tasks,
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documents have to be provided — such as work orders, work instructions, checklists, report
forms, inspection lists, etc., as applicable — which take the requirements of this document into
account. It is the responsibility of the network operator to decide which level of qualification is
required.

Maintenance activities shall only be executed by qualified personnel according to the re-
quirements of the maintenance plan. Different qualifications of the instructed persons are re-
quired depending on the scope and difficulty of the assigned maintenance tasks.

6.2 Planning of maintenance activities

The implementation of specific maintenance activities has to be planned with adequate lead
time to ensure that necessary resources are available. These include:

— organization of operational availability (including, for example, coordination of switching
operations, consumer information, getting necessary permits, etc.),

— determining and allocating staff,

— acquisition of material and spare parts from external sources or stocks,

— ensuring that tools, transportation, lifting and support facilities are available,

— preparation of necessary procedures for operation, maintenance, safety, and environment
and work plans,

— identification and advance booking of external resources,
— specification of means of communication,
— provision of necessary training.

Before starting the maintenance activities, personal protection equipment and tools have to be
provided.

Dates, locations and resources for the maintenance activities are documented in the plan of
action. The operational plan has to be adjusted accordingly, if its implementation conflicts with
current operating or network conditions.

6.3 Instructions of maintenance activities

In order to instruct, supervise, and document individual maintenance activities, suitable as-
signments have to be implemented. An instruction is triggered either by IT-support
or manually.

NOTE The IT-supported inducement is triggered by the maintenance IT-system using predetermined triggers,
e.g. calendar time, time since the last activity, operating hours of objects, or by combining with other orders in ac-
cordance with the maintenance schedule.

7 Documentation and analysis

7.1 Documentation
The maintenance documentation should cover the following data.

— One-time documentation in the sense of a guideline:
e principles of maintenance,
+ catalogue of maintenance support,
e maintenance concept (mandatory),
+ catalogue of maintenance plans,
« benchmark criteria for the condition of installations and equipment (mandatory),

¢ description of maintenance tasks for each maintenance object type,
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o skill requirements,
e confirmation of course attendance.
— Annual documentation in the sense of an object-inventory:
+ portfolio of installations and equipment.
— Current documentation of the maintenance performed:
+ catalogue of implemented maintenance activities (mandatory),

¢ inspection documents, detected defects and damage (mandatory).

The implementation of maintenance and the detected defects and damage on installations
and equipment have to be documented. The maintenance plan has to be updated.

7.2 Statistics

If appropriate, the network operator has to use a standardized, repeatable procedure for col-
lecting and analysing data for the assessment of results. It should be based on corporate and
sector-related factors, if applicable. The results should be used to support and to justify im-
provements. Possibly, a computer based maintenance information system for data manage-
ment and analysis is needed.

NOTE The exchange of information between different system operators regarding the results of maintenance is
not covered by this document.

Statistics of failure and, if appropriate, damage are to be kept in order to draw conclusions
about the behaviour of equipment or components. Thus, the volume and timing of mainte-
nance work can be oriented on statistical quantities. The maintenance plan is adjusted, if
necessary.

The effectiveness of maintenance and maintenance support has to be monitored. For this
purpose, selected properties have to be detected at certain objects, such as:

— availability, functionality, and maintainability,

— mean time between failures,

— mean time to repair.
7.3  Additional analysis

In addition to scheduled inspections, it may be necessary to perform additional testing and
complementary analysis in particular cases, e.g. for improvement purposes, such as:

— Extraordinary incidents (e.g. caused by flood or terror attack)

After extraordinary incidents, inspection of equipment may be required due to potential
damage or overload. The testing is event-oriented.

— Damaging events (e.g. due to aging)

After damaging events, failure analysis and additional investigations may be necessary.
The testing is event-oriented.

— Justified information from third parties

If, for example, during inspections or by information from third parties (suppliers, other
system operators, etc.) indications are known that indicate possible defects, tests have to
be conducted, if required. The inspections are event-oriented.

Appropriate material oriented analysis may be conducted to obtain information on condition
and aging behaviour of equipment and components.
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8 Assessment and improvement of maintenance concepts

It is to ensure that maintenance concepts are regularly reviewed and improved where neces-
sary to facilitate the analysis of the effectiveness and possible improvement of the activities
for servicing and maintenance support.

If, for example, appropriate experience has been gained, other operating situations arise and
equipment ages unexpectedly or new techniques become available, the requirements during
the operation and maintenance phase should be checked. The maintenance concept has to
be adapted and evolved optionally.

The observation of maintenance contains, if appropriate, the following assessments:

— the rate of planned activities versus unplanned activities,

— work that has not been completed in time,

— deviation of actual used resources from budgeted amount,
. — availability of spare parts,

— utilization of workforce and their skill level.

Copyright International Eleciratechnical Commission
Providid by IHS Markit under license with IEC
Mo reproduction or networking permitted without license from IHS Mot for Resale, 02/20/2019 01:35:54 MST



IEC TS 63060:2019 © IEC 2019 - 19 -

Annex A
(informative)

Notes on types of maintenance

A.1 Types of maintenance

The types of maintenance described below can be combined. The analysis of maintenance
results and statistics of failures and damage can be used for cost-benefit analysis to identify
savings potential. The findings can however only be included in an optimization process with
time delay when, for example, the operational behaviour is influenced by additional aging ef-
fects.

A.2 Corrective maintenance

A.2.1 General

The corrective maintenance usually produces the least costs related to the actual mainte-
nance activities, because costs only arise in case of a failure. However, possible consequen-
tial costs of outage and replacement are often difficult to predict and higher. Therefore, this
type of maintenance will only be used when the consequences of equipment outages are as-
sessable and regional, and restoration of supply is possible by suitable repair, replacement or
renewal activities in the short term. Another reason for this type of maintenance may be the
variety of items used, which does not justify a planned maintenance activity for economic rea-
sons.

In case of corrective maintenance, the actual condition is not systematically collected by in-
spections. Services and repairs are conducted after the occurrence of a malfunction, other
event or outage.

A.2.2 Maintenance after the occurrence of a malfunction

This maintenance approach is applied with high reliability in case of low-maintenance and
maintenance-free components. The requirement is that the consequences due to a malfunc-
tion are limited. The maintenance task is usually initiated immediately after the limitation of
functionality of the equipment.

A.2.3 Repair after failure

This maintenance approach takes the limitation of the availability into account as well as tem-
porarily and locally limited supply outages. If no (n-1)-security or the possibility of switching
operation is present, the necessary maintenance activities are generally implemented imme-
diately after the failure or the replacement power supply is installed so that the supply is not
inadmissibly restricted.

A.3 Preventive maintenance

A.3.1 General

Preventive maintenance has set the goal to initiate the maintenance activities in time at the
equipment before the reserve of wear is consumed. After the expiry of the maintenance cycle,
the wear of the equipment is restocked independently of the condition or components of the
equipment which are replaced. In this case, the maintenance activities are performed accord-
ing to a predetermined maintenance plan. The contents of the maintenance plans are mainly
based on experience due to tests during the development phase, tests of prototypes, previous
maintenance activities, and operating experience. Maintenance plans may incorporate know-
how gained from RCM or FMEA-studies carried out in the past. This type of maintenance is
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more or less based on statistics and derives activities from these findings for a particular col-
lective of equipment.

This type of maintenance is used if sufficient information is available due to operational expe-
riences of particular pieces of equipment and unique equipment is not or partly equipped with
devices for condition monitoring.

A.3.2 Condition-based maintenance

An efficient maintenance can be achieved for certain equipment by aligning the activities more
on the properties and requirements of the considered equipment. In this case, timing and ex-
tent of the activities to be taken depend on the condition of the respective objects. In order to
perform such a condition-based maintenance successfully, sufficient information concerning
the components shall be available. Afterwards, the condition can be qualified and reliably as-
sessed. This information can be obtained in the context of condition monitoring, by condition
and diagnostic measurements or by samples. Condition-based maintenance enables to pro-
vide the maintenance more efficiently from the technical and economical point of view by re-
ducing the expense and frequency. In addition, it has a positive effect on the availability and
the useful life. Unplanned failures will rarely occur. The condition information allows a high
degree of utilization of the useful life.

The aforementioned type of maintenance should be applied to components which are
equipped with devices for condition monitoring and assessment or where a condition assess-
ment by inspection or diagnostic measurements is possible.

A.3.3 Periodic maintenance

The periodic maintenance is characterized by the maintenance activities conducted according
to regular time intervals (e.g. operating hours counter) regardless of the condition of the com-
ponents. The scope of the maintenance is agreed in advance. For example, based on the op-
erating experience and regulations by law, the maintenance cycles are chosen so that the
functionality of the equipment is not endangered.

The periodic maintenance is used on all the voltage levels in the areas where a high require-
ment is demanded on the reliability or availability of equipment and wear of equipment com-
ponents can be expected during the operation.

A.3.4 Maintenance after extraordinary operating conditions

Here, maintenance activities are initiated after the occurrence of special operating conditions
or events. As a rule, these are operational events with increased stresses of equipment,
e.g. short circuits, which consume the degree of wear above average.

Preventive maintenance requires that the operating conditions with higher stresses are de-
tected. The extent of the required one-time or cyclical maintenance activities shall be deter-
mined on the basis of operating experience, depending on the equipment.

Furthermore, equipment outages (malfunctions or failures) due to "faulty design/hidden de-
fect" also lead to the preventive maintenance. In this context, the required maintenance is
conducted as a specific activity at the equipment or equipment group.

A.4 Reliability-centred maintenance

The reliability-centred maintenance combines data of the current condition investigation sup-
plemented by further information such as age, technology, availability of spare parts, experi-
ence of operating and service personnel, etc. with the importance of equipment for the net-
work. The combination of the condition and the importance leads to the prioritization of the
maintenance activities.
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A.5 Risk-based maintenance

Risk-based maintenance is a development from reliability-centred maintenance based on
FMEA-analysis. The main idea is to multiply the probability of occurrence of a failure with its
expected consequences. Several drivers can be separately taken into account. Examples of
drivers are:

— Ccosts,

— power quality,

— environmental impact,

— Iimage,

— eftc.
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Annex B
(informative)

Condition assessment of equipment and installations

B.1 Information for use

Annex B identifies exemplary activities to determine the actual condition of equip-
ment/installation of electricity supply networks for the purpose of a selection catalogue. The
activities listed are not differentiated by voltage levels nor the type of maintenance and speci-
fled deadlines as this is the responsibility of the network operator. Which activities for the
condition determination are applicable for various equipment/installations including the termi-
nation have to be defined and documented by the operator of the electricity supply network
according to 5.3.

The following circumstances apply for the listed activities for the condition determination of an
object and its respective components.

— The listed activities are responsible for personal safety, operational and environmental
security as well as functional security.

— If equipment/installations are not listed, the condition determination shall be made in ac-
cordance with this specification by own specifications.

— |If activities cannot be performed, for example due to the design, this should be considered
when determining the type of maintenance or the selected strategy.

— The condition determination is made by operational inspection, visual inspection, online
monitoring, functional check, and condition investigation. The condition investigation can
be carried out, e.g., by a measurement (continuous or discontinuous), optionally by a rep-
resentative random sample.

— The listed measurements can represent routine measurements as well as special investi-
gations which can be performed for condition investigation in special cases.

The activities for the condition determination are listed in Clause B.2 in tabular form. The fol-
lowing definitions apply.

— Component: Part of equipment or a functional group for which a condition assessment is
performed.

— Criterion: Which property of the component is analysed due to the operating experience.

— Activity: Description of the procedure for the condition determination, such as measure-
ment, visual inspection. Even reading of a fixed measuring device is part of the visual in-
spection.

— Additional information: Related standards with additional information.

As part of the maintenance concept (see 5.3), the exemplary mentioned activities
(see Clause B.2) should be taken into consideration in case of the definition of the mainte-
nance strategy (periodic, corrective, condition-based, reliability-centred) for the objects or
components. The activities can be selected for this reason. The selection catalogue according
to Clause B.2 shall be specified depending on the type of maintenance and be completed, if
necessary. The order of the activities listed does not represent a weighting.

In general, the condition of equipment/installation depends also on the location, the opera-
tional mode, the technology and the manufacturing, so that these constraints have to be con-
sidered. For this reason, manufacturers' recommendations and operating experience of the
user should be additionally considered.
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B.2 Selection catalogue for activities to determine the actual condition of
equipment/installations of electrical supply systems

— 23 —

B.2.1 Substations/installations
B.2.1.1 General facilities
Component Criterion Activity Additional infor-

mation

Entries, ways, areas,
external boundary fence

Insularity of the electric
premises, distance to live
parts, distance to trees and
bushes, safe usage, no haz-
ardous positions (holes, une-
venness)

Operational and visu-

al inspection

Inscriptions (warning,
indicating, safety labels,
identification plates),
safequard (barriers)

Existing, valid, complete,
clear, and readable

Visual inspection

General building condi-
tion (doors, windows,
gates, roofs, walls, corri-
dors, etc.)

Safe usage, no hazard posi-
tions (holes, unevenness)

Operational and visu-

al inspection

Standard and emergency
lighting

Safe functionality

Functional check

Traffic, escape routes

Accessibility, identification,
functional check of panic
locks

Operational and visu-

al inspection

Notice, regulations

Existing, complete, correct,
clear, readable

Visual inspection

Supporting structures,
fundaments, terminal
construction (e.g. steel,
concrete)

Load capacity: Tilting (mining
subsidence), damage, corro-
sion prevention (layer thick-
ness, cracks, consistency),
spalling (laid open armour-
ing), cracks, vegetation

Visual inspection,
condition investiga-
tion

Power transformer fun-
dament, collecting vat
with separated container

Tightness of the surface,
manhole and pipe connec-
tions

Visual inspection,
condition investiga-
tion

Power transformer fun-
dament, collecting vat
with integrated container

Tightness of the surface,
filling level, cover panel (fire
safety)

Visual inspection,
condition investiga-
tion

Fire-protection appliance

Safe functionality, proper
condition

Visual inspection,
condition investiga-
tion

B.2.1.2

Grounding system/ground conductor

Component

Criterion

Activity

Additional infor-
mation

Junction points

Damage, corrosion

Visual inspection

Ground conductor

Corrosion, cracks, grounding
resistance

Visual inspection,
condition investiga-
tion

B.2.1.3 Lightning protection
Component Criterion Activity Additional infor-
mation
Junctions Corrosion, cracks Visual inspection
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B.2.1.4 Substation (air and solid insulated, GIS)

Component Criterion Activity Additional infor-
mation

Housing, bay (open) External defects, corrosion, Visual inspection
pollution

Enclosure (metal) External defects, corrosion, Visual inspection
pollution

Solid enclosure External defects, pollution, Visual inspection,
partial discharge condition investiga-

tion

Flanges, flange joints External defects, corrosion, Visual inspection
pollution

Conduction/bus External defects, corrosion, Visual inspection

bars/joints (open) pollution

Monitoring equipment Functionality Functional check,

(signalling device, voltage condition investiga-

test system, filling pres- tion

sure system)

Locking Functionality Functional check

Grounding External defects, grounding Visual inspection,
resistance (see B.2.1.2) condition determina-

tion
Inscriptions, barriers External defects, complete- Visual inspection

ness, correctness

Clamps, conductor, joints Pollution, damage, corrosion, | Visual inspection,
heating condition investiga-
tion (e.g. thermogra-

phy)

B.2.1.5 Switchgears
B.2.1.5.1 Circuit-breaker (SF, air-blast, minimum oil, vacuum)

B.2.1.5.1.1 Live parts

Component Criterion Activity Additional infor-
mation

Porcelain (arcing cham- Pollution, damage Visual inspection
ber), cement, flanges,
terminations, pole pillar
(air insulated substation)

Flange joints (outdoor Corrosion (not flange corro- Visual inspection
circuit-breaker) sion)
Contacts Contact resistance Condition investiga-
tion (e.g. resistance
measurement)
Arcing chamber Clearing time, switching Condition investiga-
speed tion (e.g. travel-time
measurement, switch-
ing time)
Insulating and extinguish- | Pressure, density, humidity, Visual inspection, IEC 62271-
ing medium dissociation products, filling condition investiga- 4:2013 [5]
level, breakdown voltage tion
Embedding pole parts Crack formation Visual inspection

(vacuum circuit-breaker,
withdrawable switch)

Switch (general) Number of switching cycles Visual inspection

Moving contacts Deterioration contact system Visual inspection
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B.2.1.5.1.2

Drive

— 25 —

Component

Criterion

Activity

Additional infor-
mation

Drive, general

Corrosion, number of switch-

ing cycles, tightness

Visual inspection

Magnetic drive

Damage

Visual inspection

Hydraulic

Qil level, oil pressure, num-
ber of pump starts

Visual inspection

Mechanic (spring stored-
energy drive)

Deterioration of latching
mechanism

Visual inspection

Pneumatic (air pressure
drive)

Number of compressional
starts

Visual inspection

Charging device, hydrau-
lic pump, winding motor
for spring drive

Functionality

Functional check

B.2.1.5.1.3

Secondary and auxiliary installations

Component

Criterion

Activity

Additional infor-
mation

Anti-condensation heater

Functionality

Functional check

Alarm and warning indica-
tion devices

Functionality

Functional check

Control

Functionality

Functional check

Test and monitoring de-
vice

Functionality

Functional check

B.2.1.5.2 Load switch
B.2.1.5.2.1 Live parts
Component Criterion Activity Additional infor-

mation

Quter insulation

Damage, pollution

Visual inspection

Contact system

Burn-off

Visual inspection

Flange joints

Corrosion

Visual inspection

B.2.1.5.2.2

Drive

Component

Criterion

Activity

Additional infor-
mation

Drive (general)

Damage, corrosion, water
condensation

Visual inspection

Drive, mechanical (spring
| stored-energy drive)

Deterioration of latching
mechanism

Visual inspection
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Component

Criterion

Activity

Additional infor-
mation

Anti-condensation heater

Functionality

Functional check

Alarm and warning indica-
tion devices

Functionality

Functional check

Control, position switch

Functionality

Functional check

Test and monitoring de-

Functionality

Functional check

vice
B.2.1.5.3 Disconnector and earthing switch (open air)
B.2.1.5.3.1 Live parts
Component Criterion Activity Additional infor-
mation
Contacts Burn-off, damage, pollution, Visual inspection,

abrasion

condition investiga-
tion (e.q. resistance
measurement)

Pivot bearing connection

Damage

Visual inspection

Supporter, slewing col-
umn, outer insulation,

Damage, pollution

Visual inspection

cement

Flanges, flange joints Corrosion Visual inspection

B.2.1.5.3.2 Drive

Component Criterion Activity Additional infor-
mation

Drive (general) Corrosion Visual inspection

Hinges Greasing Visual inspection

Leverage Pollution, damage Visual inspection

Motor (pneumatic)

Running time

Condition investiga-
tion

Motor Power consumption, torque Condition investiga-
tion
Pneumatic Tightness Visual inspection
B.2.1.5.3.3 Secondary and auxiliary installations
Component Criterion Activity Additional infor-

mation

Anti-condensation heater

Functionality

Functional check

Quter secondary wiring,
position switch, auxiliary
switch

Damage, wiring

Visual inspection,
functional check
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B.2.1.6

— 2

HVDC converter station

7 —

Component

Criterion

Activity

Additional infor-
mation

Converter building

Room temperature, freedom
from dust, humidity

Condition investiga-
tion, operational and
visual inspection

Air conditioning

Functionality

Functional check

Cooling system (superior)

Corrosion, porosity, tight-
ness, coolant level, system
pressure

Visual inspection

Valves

Reverse voltage, tightness,
arc traces, pollution, discol-
oration

Condition investiga-
tion, visual inspection

Cooling (valves)

Functionality

Functional check

Control, signalling and
monitoring devices

Functionality

Functional check

Ssmoothing reactor

See B.2.4

Harmonic filter

See B.2.1.9and B.2.4

B.2.1.7 Bushings, insulators
B.2.1.71 Bushings
Component Criterion Activity Additional infor-

mation

Insulator (general, open
air), cement

Pollution, damage, arc ef-
fects

Visual inspection

Composite insulator

Hydrophobia

Condition investiga-
tion

IEC TS 62073 [6]

Fittings

Damage, corrosion, defor-
mation, cross-section chang-
es

Visual inspection

Sealing system of internal
oil filling

Corrosion, aging (sealing
ring), filling level

Visual inspection

Sealing system of internal
gas filling (as applicable)

Corrosion, aging (sealing
ring)

Visual inspection

Active component based
on OIP (oil impregnated

paper)

Aging, humidity

Condition investiga-
tion (e.g. C-tan
measurement)

Active component based Aging Condition investiga-
on RBP (resin bonded tion (e.g. C-tan
paper bushings) measurement)
Active component based Aging Condition investiga-

on RIP (resin impregnat-
ed paper)

tion (e.g. C-tan
measurement)

Grounding

External defects (see also
B.2.1.2)

Visual inspection
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B.2.1.7.2 Hollow insulator (porcelain, composite), support insulator (porcelain)
Component Criterion Activity Additional infor-

mation

Insulator (general, ce-

ment)

Pollution, damage, arc ef-
fects

Visual inspection

Composite insulator

Hydrophobia

Condition investiga-
tion

IEC TS 62073 [6]

Armature Damage, corrosion, defor- Visual inspection
mation, cross-section chang-
es
B.2.1.8 Instrument transformer
Component Criterion Activity Additional infor-

mation

Housing, terminal box

Tightness, corrosion, dam-
age, pollution, ventilation

Visual inspection

Porcelain, composite

insulator

Damage, pollution, cement,
hydrophobia

Visual inspection,
condition investiga-
tion

Insulating medium

Qil level, SF, pressure,
SFE tightness, oil quality

Visual inspection,
condition investiga-
tion

Oil connector

Tightness

Visual inspection

Anti-condensation heater

Functionality

Functional check

Alarm and warning indica-

tion devices

Functionality

Functional check

Test and monitoring de-

Functionality

Functional check

vice
B.2.1.9 Capacitors, power capacitors, resistors
Component Criterion Activity Additional infor-
mation
Housing Pollution, corrosion, defor- Visual inspection

mation, tightness

Insulator/clamp

Pollution, damage, tempera-
ture

Visual inspection,
condition investiga-
tion

Discharge device

Thermal overload, functional-
ity

Functional check

Cubicle/room

Pollution, ventilation

Visual inspection

Capacitor

Capacity, symmetry

Condition investiga-
tion

IEC 60831-1 [7]
IEC 60871-1 [8]

(Grading capacitor

Pollution, damage

Visual inspection

Anti-condensation heater Functionality Functional check

Alarm and warning indica- Functional check

tion devices

Functionality

Test and monitoring de- Functional check

vice

Functionality

Resistor Pollution, overheating, dam-

age

Visual inspection
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B.2.1.10 Auxiliary power, DC supply

B.2.1.10.1 Battery installation
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Component

Criterion

Activity

Additional infor-
mation

Installation site

Room temperature, freedom
from dust, intactness of re-
tention areas

Visual inspection

Venting system

Functionality

Visual inspection,
functional check

Charging device

Connection of power supply,
condition

Visual inspection

Battery housing

Damage, pollution

Visual inspection

Battery cell

Battery, block and cell volt-
age, current, electrolyte
(tightness, temperature, posi-
tion), capacity

Condition investiga-
tion, visual inspection

Ventilation plug (battery
cells)

Functionality

Visual inspection

B.2.1.10.2 Converter installation/converter

Component

Criterion

Activity

Additional infor-
mation

Installation site

Room temperature, freedom
from dust, humidity

Visual inspection

Air conditioning

Functionality

Functional check

Control room

Ventilation, pollution

Visual inspection,
functional check

Control, signalling and
monitoring devices

Functionality

Functional check

Housing, terminal clamp,
switchboard, grounding,
equipotential bonding

Pollution, strength, electric
connection

Visual inspection,
condition investiga-
tion (e.g. potential
measurement)

Voltage and current indi-
cation, function display

Indication error

Visual inspection,
functional check

B.2.1.10.3 Installation of auxiliary electric power supply

Component

Criterion

Activity

Additional infor-
mation

General

Functionality

Functional check

B.2.2 Low voltage installations
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Component

Criterion

Activity

Additional infor-
mation

Housing, venting system,
locking system

External defects, corrosion,
pollution, accessibility, func-
tionality

Visual inspection,
functional check

Interior

Pollution, small animals,
vegetation, foreign body,
protection against electric
shock

Visual inspection

Safeguarding, covering,
enclosure

External defects, pollution

Visual protection

Conductors, busbar,
joints

External defects, insulation,
corrosion, pollution

Visual inspection

Switchgear (circuit-
breaker, load switch, dis-
connector, switch-
disconnector

External defects

Visual inspection

Grounding system, equi-
potential bonding

External defects, grounding
resistance

Visual inspection,

condition investiga-

tion

Inscriptions, identifica-
tion, barriers

External defects, existing,
complete, correct, clear,
readable

Visual inspection

B.2.2.2

House service connection

Component

Criterion

Activity

Additional infor-
mation

Housing, seal, joints

External defects, corrosion,
pollution

Visual inspection

B.2.2.3

Cable distribution box

Component

Criterion

Activity

Additional infor-
mation

Installation site

Vegetation, foreign body,
ground zone

Visual inspection

Housing including base

External defects, ventilation,
locking system

Visual inspection,
functional check

Inscriptions, identification

Existing, complete, correct,
clear, readable

Visual inspection

Interior

Pollution, small animals,
vegetation, foreign objects,
protection against electric
shock

Visual inspection

Switchgear (circuit-
breaker, load switch, dis-
connector, switch-
disconnector)

External defects

Visual inspection

Conductors, busbar,
joints

External defects, insulation,
corrosion, pollution

Visual inspection

Grounding system, equi-
potential bonding

External defects, grounding
resistance

Visual inspection,

condition investiga-

tion

Copyright International Eleciratechnical Commission
Providid by IHS Markit under license with IEC

Mo reproduction or networking permitted without license from IHS Mot for Resale, 02/20/2019 01:35:54 MST



IEC TS 63060:2019 © |IEC 2019 - 31 -
B.2.3 Fuses
Component Criterion Activity Additional infor-
mation
Fuse link Characteristic values, re- Visual inspection
sponse behaviour, pin, trip,
indication, external defects
Fuse base Characteristic values, exter- Visual inspection
nal defects
B.2.4 Power transformers and reactors
B.2.4.1 Active part, tap changer
Component Criterion Activity Additional infor-
mation
Bushings See B.2.1.7.1 IEC 60599 [9]

Active part (general)

Condition of active part

Condition investiga-
tion (e.g. Dissolved
Gas Analysis (DGA))

IEC 60599

Insulation system

Insulation strength

Condition investiga-
tion (e.g. C-tan
measurement)

Insulation system

Condition of insulating liquid

Condition investiga-
tion (e.g. chemi-
cal/physical analysis
of insulating oil)

IEC 60422 [10]
IEC 60156 [11]
IEC 60814 [12]
IEC 62021-1 [13]

Insulation system

Aging condition of solid insu-
lation

Condition investiga-
tion (e.g. furfural
analysis)

IEC 61198 [14]

Insulating liquid

Filling level

Visual inspection

Tap changer, off-load tap
changer

Functionality, operating cy-
cles

Functional check,
visual inspection

Tap changer

sparkover (residual) voltage,
contact wear, oil quality,
switching resistor

Condition investiga-
tion

B.2.4.2

Housing, cooling system

Component

Criterion

Activity

Additional infor-
mation

Tank, fittings

Tightness, damage, pollution,
condition of grounding joints,
condition of drier, corrosion
protection

Visual inspection

Cooling system

FPollution and damage of heat
exchanger and armature

Visual inspection

Cooling system

Functionality

Functional check
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Auxiliary systems
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Component

Criterion

Activity

Additional infor-
mation

Protection and monitoring
devices

Functionality, pollution, dam-
age

Visual inspection,
functional check

Switchboard, control sys-
tem

Functionality

Functional check

Switchboard, control sys-
tem

Pollution, damage

Visual inspection

B.2.5

Surge arrester

Component

Criterion

Activity

Additional infor-
mation

Housing, fittings, cement

Damage, pollution

Visual inspection

Monitoring system (e.g.
surge counter, monitoring
spark gap)

Damage

Visual inspection

Insulating medium (GIS
surge arrester)

Gas pressure, gas tightness

Visual inspection

Arrester disconnector

Functionality

Visual inspection

B.2.6 Overhead lines
B.2.6.1 Route
Component Criterion Activity Additional infor-

mation

Vegetation, external ob-
jects, shape of ground
and development, cross-
over objects

Distance to live parts (see
B.2.1.2)

Operational and visu-
al inspection, condi-
tion investigation

EN 50341 [15]

B.2.6.2

Foundation

Component

Criterion

Activity

Additional infor-
mation

Foundation body

Damage of foundation (e.q.
cracks, spalling, positional
change)

Visual inspection

Ground zone

Change of ground (e.q. exca-
vation, bank of earth, under-
cutting)

Visual inspection

B.2.6.3

Electric circuits

Component

Criterion

Activity

Additional infor-
mation

Conductor

Position of conductor, dam-
age of outer layer/insulation,
arc effects, wire break, splay-
ing, corrosion, foreign body
(e.g. kite)

Visual inspection

Insulator

Damage, pollution, arc ef-
fects (see B.2.1.6)

Visual inspection

Fittings

Deformation, cross-section
changes (damage and corro-
sion), contact resistance, arc
effects

Visual inspection,
condition investiga-
tion (e.g. thermogra-

phy)
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B.2.6.4 Towers
Component Criterion Activity Additional infor-
mation
Location Accessibility, vegetation, Operational and visu-

deposition, change of ground

al inspection

Joining means

Loose or missing joining
means

Visual inspections

Steel tower, steel cross-
bar

Stability/loading capacity:
corrosion, damage, coating,
foreign body (e.q. kite), aging

Visual inspection,
condition investiga-
tion

Wooden tower

Stability/loading capacity: rot,
mechanical damage, light-
ning damage, insect infesta-
tion, woodpecker, damage of
bandages

Visual inspection,
condition investiga-
tion

Concrete tower, concrete
cross-bar

Stability/loading capacity:
cracks, concrete spalling at
shaft and cross-bar, corro-
sion of exposed reinforced
steel, ventilation bore

Visual inspection

Roof stands, gable termi-
nal, house entries

Corrosion, tightness, no con-
ducting connection

Visual inspection

Climb protection

Damage, fixing

Visual inspection

Identification, warning
system, labelling

Existing, complete, correct,
clear, readable

Visual inspection

Linkage and lock of tower
switches

Damage, fixture

Visual inspection

Armature, strut

Corrosion, fixture

Visual inspection

Bird protective equipment

Damage

Visual inspection

Grounding system

External defects, grounding
resistance (see B.2.1.2)

Visual inspection,
condition investiga-
tion

EN 50341 [15]

B.2.7 Cable systems, power cables and insulated power lines
B.2.7.1 Route (including culvert, tunnel, scaffolding, pipes, etc.)
Component Criterion Activity Additional infor-
mation
General Accessibility, vegetation, Operational and visu-

construction, identification

al inspection

Ambient buildings for
cable systems, e.qg. fix-
ings for cable joints and
cables, e.qg. in case of
bridges

Damage, correct position

Visual inspection

Cross-bonding boxes

Damage

Visual inspection

Cathodic corrosion pro-
tection for steel pipe ca-
ble systems

Damage, protective voltage

Visual inspection,
condition investiga-
tion
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Electric circuits
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Component

Criterion

Activity

Additional infor-
mation

Gas pressure cable

Gas pressure

Visual inspection

Qil cable, gas pressure
cable, ground cable

Tightness, filling level

Visual inspection

Cable sheath

Damage

Condition investiga-
tion (e.g. cable
sheath test)

B.2.7.3 Fittings

Component

Criterion

Activity

Additional infor-
mation

Fittings, general

Filling pressure

Condition investiga-

tion
Fittings, general Damage Visual inspection
Equalizing tank Damage Visual inspection
Grounding system Damage Visual inspection
Varistors Damage Visual inspection
B.2.8 Protection, measuring relays and protective devices
Component Criterion Activity Additional infor-

mation

Network protection devic-
es and systems (e.q. dif-
ferential protection, defi-

nite-time overcurrent pro-
tection, distance protec-

tion

Damage, cracks, discolora-
tion of insulation (joints),
functionality

Visual inspection,
functional check

Residual current protec-
tive device (RCD)

Damage, cracks, discolora-
tion of insulation (joints),
functionality

Visual inspection,
functional check

Insulating monitoring

Damage, cracks, discolora-
tion of insulation (joints),
functionality

Visual inspection,
functional check

Compact miniature circuit
breaker

Damage, cracks, discolora-
tion of insulation (joints)

Visual inspection

Installation environment
(cubicles, housings,
niches, etc.)

Pollution, lighting, ventilation,

heating

Visual inspection
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B.2.9 Telecontrol systems and network technology

Component Criterion Activity Additional infor-
mation
Telecontrol system Functionality Visual inspection,
functional check
Network technology, in- Functionality Visual inspection,
stallation control system, functional check

substation control level,
network control system
(hardware), communica-

tion level

Metwork control system Information Security Man- Functional check ISO/IEC 27002

(software) agement System [16]

Network control system Bugless system-logon Visual inspection e.g. remote servic-

(software) ing, security up-
dates

Metwork control system Functionality Functional check e.g. via redundant

(software) executed test sys-
tem
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