IEC TS 63060

EC

®

TECHNICAL

Edition 1.0 2019-02

SPECIFICATION

O

s and methods for the

Electfic energy supply networks — General a %
maintenance of installations and equipmenOQ
Q

(us)20-6102:090€9 S1 O3l


https://iecnorm.com/api/?name=fb3d2432d661ec895b777645ec9a6c33

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2019 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Central Office

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11

3, rue de Varembé info@iec.ch
CH-1211 Geneva 20 www.iec.ch
Switzerland

About thg IEC

The Intefnational Electrotechnical Commission (IEC) is the leading global organization that prepares and
Internatignal Standards for all electrical, electronic and related technologies.

About IHC publications

bublishes

The techhical content of IEC publications is kept under constant review by the IEC. Please make Sure’ that you|have the

latest edition, a corrigendum or an amendment might have been published.

IEC publ|cations search - webstore.iec.ch/advsearchform
The advgnced search enables to find IEC publications by a
variety ¢f criteria (reference number, text, technical
,...). It also gives information on projects, replaced

mer Service Centre - webstore.iec.ch/csc

If you wigh to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: sples@iec.ch.

Electropedia - www.electropedia.org
The world's leading onling “dictionary on electrotechnology,
containing more than 22 000 terminological entries [n English
and French, with equivalent terms in 16 additional Ignguages.
Also known as the dnternational Electrotechnical Vpcabulary
(IEV) online.

IEC Glossary, - std.iec.ch/glossary
67 000 electrotechnical terminology entries in English and
Frenchsextracted from the Terms and Definitions [clause of
IEC publications issued since 2002. Some entries Have been
collected from earlier publications of IEC TC 37, 7}, 86 and
CISPR.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.electropedia.org/
http://std.iec.ch/glossary
https://iecnorm.com/api/?name=fb3d2432d661ec895b777645ec9a6c33

IEC TS 63060

Edition 1.0 2019-02

TECHNICAL
SPECIFICATION

Electfic energy supply networks — General aspects and methods for the
maintenance of installations and equipment

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 29.240.01 ISBN 978-2-8322-6562-8

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=fb3d2432d661ec895b777645ec9a6c33

-2- IEC TS 63060:2019 © IEC 2019

CONTENTS

FOREWORD ...ttt et ettt et et e e et et ettt et e et et e et e et e e e et e e e anns 4
1N I 2 1 1 L N 1 ] PN 6
1 ST e o] o 1Y OO PRPRN 7
2 NOIMAtIVE FEIEIENCES .. oniii e 7
3 Terms and definitioNs ... 7
4  General aspects of maintenance and maintenance management................ccccceeeienennnnn. 11
5 Management of maintenanCe .. ... ... 13
5.1 SIrUCIUre of mMaintenance ManagemMent i e 13
5.2 Principles and roles ... N 14
5.3 Maintenance concCept........cooiiiiiiiiii e T 14
5.4 Maintenance plan..........ooiiii e b 15
6  Cagnducting maintenance tasks .........ccooeiiiiiiiniii e e 15
6.1 GENEIAl. . e T e e 15
6.2 Planning of maintenance activities .............ccoooiii I e 16
6.3 Instructions of maintenance activities.................. 8, 16
7 Dgcumentation and analysis .........coovveiiiiiiiiiiii e N 16
7.1 Documentation........ccoooiiiiiiii i b 16
7.2 ] €= 1 1o ) SRR SUPR 17
7.3 Additional @analysis ..o A e b 17
8 Agsessment and improvement of maintenance. eoncepts...........coooviiiiiiiiiineeen e 18
Annex A (informative) Notes on types of mainténance ...........ccoooiviiiiiiiii e, 19
A.1 Types of maintenance ............. ol e 19
A.2 Corrective MaintenancCe ... e 19
Ap.1 General ..o 19
ApR.2 Maintenance after the occurrence of a malfunction...........................o ) 19
A.R.3 Repair after failufe...........ooeiiiii e 19
3 Preventive maintenanCe ..o b 19
A.B.1 7= a1 =Y PP SUPR 19
A.B.2 Condition-based maintenance.............cooooiiiiiiii e 20
A.B.3 Periodic maintenance ..o e 20
AB.4 Maintenance after extraordinary operating conditions ........................oo e 20
A.4 Reéliability-centred maintenance ...........ccooviiiiiiniii e 20
A.5 RiSk-based maintenancCe ..o e 21
Annex i i fHomassessmrent of equipmentandinstattationrs ... 22
B.1 INFOrMatioN fOr USE .. .u i e e 22

B.2 Selection catalogue for activities to determine the actual condition of
equipment/installations of electrical supply systems...........ooiiiiii 23
B.2.1 Substations/installations ... 23
B.2.2 Low voltage installations.........ooiiiii 29
B.2.3 FUS S i e 31
B.2.4 Power transformers and reactors ...........ovviiiiiiiii e 31
B.2.5 SUMGE AIT S O Lot e e 32
B.2.6 OVEIrNEA lINES ...t e e e e 32
B.2.7 Cable systems, power cables and insulated power lines ..............c..c.cooiiani. 33
B.2.8 Protection, measuring relays and protective devices.............ccooiiiiiiiiiiniineenn. 34

B.2.9 Telecontrol systems and network technology .......c.oooiiiiiiii i 35


https://iecnorm.com/api/?name=fb3d2432d661ec895b777645ec9a6c33

IEC TS 63060:2019 © IEC 2019 -3 -

Bibliography......couiieiiii

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

of equipment ...

Table 1 — Structure of maintenance management



https://iecnorm.com/api/?name=fb3d2432d661ec895b777645ec9a6c33

1

2)

3)

4)

5)

6)

7)

8)

9)

The m
tional ¢ir

The
all n

tiona|] co-operation on all questions concerning standardization in the electrical and electronig, fields

end
nical

tion(4)”). Their preparation is entrusted to technical committees; any IEC National Committee interest
subjgct dealt with may participate in this preparatory work. International, governmental.and non-gove

orga

tiona| Organization for Standardization (ISO) in accordance with conditions detenmined by agreement

the t

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an inte

cons

ested IEC National Committees.

IEC
Com

Publications is accurate, IEC cannot be held responsible for theyway in which they are used or for any
pretation by any end user.

In order to promote international uniformity, IEC Natiofhal>Committees undertake to apply IEC Pul
transparently to the maximum extent possible in their national and regional publications. Any diverg

twee

the Iatter.

IEC
asse
servi

Allu

No i
mem

otherl damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)

pens
tions

Attenjtion is drawn to the/Normative references cited in this publication. Use of the referenced public|

indis

Attenftion is drawn, to the possibility that some of the elements of this IEC Publication may be the s

pate

in” fask of IEC technical committees is to prepare International Standards. In
E' cumstances. a technical committee may propose the publication of a Te]

-4 - IEC TS 63060:2019 © IEC 2019

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRIC ENERGY SUPPLY NETWORKS - GENERAL ASPECTS

AND METHODS FOR THE MAINTENANCE OF INSTALLATIONS
AND EQUIPMENT

FOREWORD

nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization-¢o
tional electrotechnical committees (IEC National Committees). The object of IEC is to promote

hnd in addition to other activities, IEC publishes International Standards, Technical Specification
Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to ‘as “IEC
izations liaising with the IEC also participate in this preparation. IEC collaboratesyclosely with the]

0 organizations.
bnsus of opinion on the relevant subjects since each technical committee has representation from

Publications have the form of recommendations for international~use and are accepted by IEC
nittees in that sense. While all reasonable efforts are made\to ensure that the technical conter

h any IEC Publication and the corresponding national or regional publication shall be clearly ind

tself does not provide any attestation of conformity. Independent certification bodies provide cq
Esment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblg
Ces carried out by independent certification bodies.

ers should ensure that they have\the latest edition of this publication.

bbility shall attach to IEC or,its)\directors, employees, servants or agents including individual exp
bers of its technical committees and IEC National Committees for any personal injury, property da

bs arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC

bensable for the'correct application of this publication.

t rights.\lEC shall not be held responsible for identifying any or all such patent rights.
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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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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,

tion(s) used is/are the responsibility of the company.

The e»

tant and tvung of maintgnancg and maintanancg ciinnart carrgenand ta thg
toRt—aha—ty P —A=aHAEea sHea—RaHRteah SHPPOH H poRa—t th

know-how, staff, etc. The op-

ype of

equipm

tors sugh as operational and environmental condition, and operating experience.

Inappr
which
age, a

and negd to be assessed accordingly. Safety aspects have to be considered at all timeg.

The pJ

processes, and techniques with regard to the maintenancetof installations and equ

which
install

In this document, the term “network operator” and “system operator” are used for the 1

owner,

ent and installations, their constitution and required availability, as well as_6th

priate, irregular or missing maintenance could lead to premature_functional

d shorter asset life cycles. Functional failures can lead to operational conseq

rpose of this document is to describe, in general terms, the management m

re necessary to achieve public safety, reliable operation, and acceptable reliab
ions and equipment.

asset manager, and maintenance provider.

er fac-

ailures

educe the availability of equipment and installations, could lead to-cohsequential dam-

lences

ethods,
pment,
ility for

etwork
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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 trapsmission
(HVDC])). This scope does not include:

— railyay networks,
- insj:llations of end consumer networks,
— installations for electric power generation.

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

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

2 Ndrmative references

There @re no normative references in this documeént.

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 followjng ad-
dresses:

e |EQ Electropedia: @vailable at http://www.electropedia.org/
e IS Online browsing platform: available at http://www.iso.org/obp

3.1
maintq:!ance

combination-of all technical and managerial actions intended to retain an object in, or festore
it to, a

tate in which it can pprfnrm as rnquirnd

[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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Note 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
maintepance carried out to mitigate degradation and reduce the probability of failure

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

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

Note 1 t¢ entry: Condition-based maintenance is derived from the analysiSyand determination of parametdrs which
charactefize the deterioration of the object

[SOURICE: IEC 60050-192:2015, 192-06-07, modified — Note 1 to entry has been
changqgd.] [1]

3.4.2
periodjc maintenance

time-based maintenance

maintepance carried out in accordance with a specified time schedule

Note 1 t¢ entry: Periodic maintenance mayidentify the need for some corrective maintenance action.

[SOURCE: IEC 60050-192:2045,192-06-12, modified — The terms defined haveg been
changgd.] [1]

3.5
reliability-centred.:maintenance
RCM
systemjatic method for determining the respective maintenance actions and associafled fre-
quencig¢s, based on the probability and consequences of failure

Note 1 toemtry—REMstudies may becomductedatamny imdemnturetevetofasyster:
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.

Note 1 to entry: Maintenance can be completely divided into the following tasks:
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— 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-

t' f [y — £ aas ‘ ad-dariaaath o AL waluaian. for £t e -
|On O e LdUOT o UT Wi dl dimTu UtTTIVITTY TG TICULT oodl y LUTTUTUOTUTTO TUT TUTUTT UotT

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

3.6.1.1
operatjonal inspection
on-sitg inspection

activitigs carried out by pure visual observation with the aim of ch€eking the recogpizable
conditipn of the object from outside

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

Note 2 tg entry: Operational inspection is the simplest form of inspectien.

3.6.1.2
visual inspection
activitigs carried out by observation with the human senses and by recording simple cgndition
variables

Note 1 tg entry: Obvious function defects are recorded.

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

3.6.1.3
online monitoring
contindous or periodic detection, under energized condition, to verify that the paramgters of
an objgct lie within formulation limits

3.6.1.4
functign check
action {o confitm/that an object is able to perform the required function

3.6.1.5
conditiomimvestigation
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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Note 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 tg entry: Overhaul may require a complete or partial dismantling of the object.

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

3.6.4

repair

direct gction taken to effect restoration

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

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

3.6.5

improyement

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

Note 1 t¢ entry: Improvements can be useful if,\for example, operating experience and inspection results$ identify
systematic problems that demonstrate that theprevious function security is not sufficient.

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

3.7

failure

termingtion of the ability~of an object to perform a required function

Note 1 tg entry: Aften failure the object has a fault, which may be complete or partial.

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

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

3.8

reliability

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

Note 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.

3.1

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

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

3.12
maintdinability
ability o be retained in, or restored to a state to perform as required, unden given corjditions
of use gnd maintenance

[SOURIE: IEC 60050-192:2015, 192-01-27, modified — The notes t0 entry have beern delet-
ed.] [1]

3.13
maintenance support
provision of resources to maintain an object

[SOURICE: IEC 60050-192:2015, 192-01-28, madified — In the definition, "item" has bgen re-
placed|with "object".] [1]

3.14
testablility
degree|to which an object can be tested

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

3.15
reserve of wear
<of an jobject> ability to withstand a cumulative deterioration caused by the stresses imposed
withouf losing_ifs)function while in use

Note 1 t¢ 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

1
Strategy 1

0,8

Y\\ Strategy 2
0,6 ~

\ \St\tgv :

0,4
\N0 service x

Age
IEC

Al ailability
N

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
conflicing parameters. These parameters consist of: Investment costs (CAPEX), oplerating
costs (PDPEX), andsenergy not supplied or not transmitted, etc. The last parameter can|be as-
sessed, for example, by an appropriate indicator (for example, System Average Interruption
Duratign Index,~SAIDI, refer to IEC 60050-692:2017, 692-08-03).

If condjtioh<based maintenance is to be applied, it should be noted that additional invgstment
costs for monitoring or diag € corresponding KNOw-Now S € 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

Sys’tem step Result Content Clause
1 Definitiop of responsibility |Principles, e.g. in the form |e  What are the objectives? 5.2
and pringiples of a guideline ) o
e Assignment of responsibilities
2 Development of mainte- Maintenance concept and | Specification of maintenance objecttypes 5.3
A nance cqncept basic structure of the . .
documentation e Assignment of maintenanee types to the
object types
e Description of maintenance tasks regard-
ing the object types
e Identification ‘of basic dates for inspections
3 Elabgration of mainte- |Maintenance plan e Readout of the maintenance documenta- 5.4
nance plan tion
A
e Arfangement 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,"foca- |e Allocate resources for maintenance activi- 6.2
ngnce activities tion, resource) ties taking into account availability of
spare parts, human resources, subcon-
tractors, etc.
e Define schedule
e Instruction of maintenance
e Consideration of current operating and
network states
5 Pégrforming of, Object is maintained 6.3
mpintenance activi-
tigs
6 D¢cumentation of Documentation for each e What was done when? 7
reFuIts object
o What conditions were found?
e Which additional maintenance action will
be provided?
e What will be the condition after the activi-
ty?
7| Analysis of results Maintenance plan updated |e  Were all tasks performed?
e Was a maintenance task assigned?
e Was an improvement assigned?
e Was the maintenance plan updated?
8 Assessment and improve- |Maintenance conceptim- |e Techno-economic analysis of the mainte- 8

ment

proved

nance

NOTE 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,

— reqpired reliability, availability, maintainability (including testability), safety and h'ealth, en-
virgnment, and costs,

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

— defining maintenance principles,
— asspring that implementation and planning of maintenance is achieved,

— reviewing and adapting maintenance concepts with respect\{o.0perating experiences.

For thi$ purpose, the network operator has to provide ad€gquate resources (e.g. budgef, staff,
and spjare parts). The general procedure for performing)maintenance is defined by mainte-
nance principles that serve as a guideline for planning¢ implementation, benchmarking,| analy-
sis, andl improvement of maintenance. The principlesshave to be documented.

The principles for planning maintenance activities are defined by the network operatgr. With
regard |to grid development and grid planning, the planning of maintenance is orierfted on
long, medium, and short term operationaliobjectives, as well as regularly occurring cgndition
changgs of equipment and installations.

The spgcifications of maintenance;and maintenance support have to be verified on a regular
basis tp consider changes in(Tegal frameworks, operational requirements, and the dévelop-
ment of maintenance procedures. Corresponding changes may be necessary due to the age
of the pbject or based on:the results of diagnostic tests, if available. If new equipmenit or in-
stallatipns are added or.modifications are implemented, required adjustments in maintenance
and mdintenance support should be considered.

If training is requijred, training documents, tools, and equipment have to be identified ahd pro-
vided, pefore-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:


https://iecnorm.com/api/?name=fb3d2432d661ec895b777645ec9a6c33

IEC TS 63060:2019 © IEC 2019 - 15—

— 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:

— opdrating experiences with installations and equipment (degradation modef)effici¢gncy of
maintenance tasks, etc.);

— recpmmendations of the manufacturer as appropriate, taking into acceunt factors quch as
official regulations, safety considerations, environmental conditions (@and economic [conse-
quznces of a failure;

— andlysis of installations and equipment using a structured proecedure to ensure fungtionali-
ty (possible criteria are condition, reliability, etc.);

- anTnysis of criticality of equipment on quality and reliability of the network.

54 aintenance plan

Based pn the maintenance concept, the characteristic of the respective types of maintgnance
for eagh 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;

— ovefrhaul,

— repair;

— impfrovement.

The result of this¢ptanning 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
maintewmmmwavents,

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

requir

ed.

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:

— orgpnization of operational availability (including, for example, coordinationyof sw
opgrations, consumer information, getting necessary permits, etc.),

— determining and allocating staff,

— ac

— en

:Iuisition of material and spare parts from external sources or stocks)
uring that tools, transportation, lifting and support facilities are _available,

— preparation of necessary procedures for operation, maintenance, safety, and envir

an

d work plans,

— identification and advance booking of external resources,

— spefification of means of communication,

— proyision of necessary training.

Before|starting the maintenance activities, personal protection equipment and tools hayv
providgd.

Dates, [locations and resources for the maintenance activities are documented in the

action

.[The operational plan has to be-adjusted accordingly, if its implementation conflid

current|operating or network conditions.

6.3

Instructions of maintenance activities

In orddr to instruct, supervise, and document individual maintenance activities, suita

signm

gnts have to e~ implemented. An instruction is triggered either by IT-s

or manpally.

NOTE

The IT-supported inducement is triggered by the maintenance IT-system using predetermined

e.g. calenpdar timey time since the last activity, operating hours of objects, or by combining with other ordg
cordancg¢ with'the maintenance schedule.

7 D

7.1

itching

bnment

e to be

plan of
ts with

ble as-

support

triggers,
rs in ac-

ocumentatiom and anatysis

Documentation

The maintenance documentation should cover the following data.

— One-time documentation in the sense of a guideline:

principles of maintenance,

catalogue of maintenance support,

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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e S

e C

kill requirements,

onfirmation of course attendance.

— Annual documentation in the sense of an object-inventory:

*p

ortfolio of installations and equipment.

— Current documentation of the maintenance performed:

e C

atalogue of implemented maintenance activities (mandatory),

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

The |mpIementat|on of maintenance and the detected defects and damage on installations
and eqpip

7.2

If appr
lecting
sector-

ppriate, the network operator has to use a standardized, repeatable procedure for col-
and analysing data for the assessment of results. It should be based on corporate and
related factors, if applicable. The results should be used to suppert and to justify im-

provements. Possibly, a computer based maintenance information system for data mjanage-

ment a

NOTE
not cove

Statist
about
nance
necess

The ef
purpos

— avdflability, functionality, and maintainability,
— medgn time between failures,

— mean time to repair.

7.3

nd analysis is needed.

The exchange of information between different system operators regarding the results of maintepance is

Fed by this document.

s of failure and, if appropriate, damage are to/bé. kept in order to draw concjusions
he behaviour of equipment or components. Thus, the volume and timing of mainte-
work can be oriented on statistical quantities. The maintenance plan is adjupted, if
fary.

ectiveness of maintenance and maintenance support has to be monitored. Hor this
b, selected properties have to be detected at certain objects, such as:

dditional 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 pptential

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.

— Jus

tified information from third parties

If, for example, during inspections or by information from third parties (suppliers, other

sys

tem 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 ag

ing 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 Ob UIVdi.iUII Ui— Illdilllclldllbc bUIIi.diIIb, “r appluplidi.c, “IU i—U“UWiIIg dbbcbblllclli.b.

— thelrate of planned activities versus unplanned activities,
— work that has not been completed in time,

— devlation of actual used resources from budgeted amount,
— avadllability of spare parts,

— utilization of workforce and their skill level.
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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
tlme d :ay VVhCII, fUI CI\GIIIP:C, thc upcu:lt;uua: bUhGV;UUI ;O ;llf:ucnucd by add;t;una: Cl&lng ef'

fects.

A.2 [Corrective maintenance

A.2.1 General

The cdrrective maintenance usually produces the least costs related to the actual fainte-
nance fctivities, because costs only arise in case of a failure. However, possible consequen-
tial codts of outage and replacement are often difficult to predict and higher. Therefofe, this
type ofl maintenance will only be used when the consequenges of equipment outages pre as-
sessable and regional, and restoration of supply is possible by suitable repair, replacement or
renewd| activities in the short term. Another reason fof\this type of maintenance may|be the
variety|of items used, which does not justify a planned{maintenance activity for econonpic rea-
sons.

In casg of corrective maintenance, the actual'condition is not systematically collected by in-
spectigns. Services and repairs are condueted after the occurrence of a malfunction, other
event gr outage.

A.2.2 Maintenance after the occurrence of a malfunction

This mjaintenance approach i§ applied with high reliability in case of low-maintenange and
maintepance-free components. The requirement is that the consequences due to a malfunc-
tion arg¢ limited. The maintenance task is usually initiated immediately after the limitation of
functiopality of the equipment.

A.2.3 Repair after failure

This maintenance approach takes the limitation of the availability into account as well @s tem-
porarily and jocally limited supply outages. If no (n-1)-security or the possibility of switching
operatipnds present, the necessary maintenance activities are generally implemented| imme-
diately afterthefaiture or the Teptacement power suppty s mstattedso thatthesuppty 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 ceng¢erning
the components shall be available. Afterwards, the condition can be qualified and.religbly as-
sessed| This information can be obtained in the context of condition monitoring;)by cgndition
and diagnostic measurements or by samples. Condition-based maintenance(enables [to pro-
vide thp maintenance more efficiently from the technical and economical peint 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 appliedto components which are
equipped with devices for condition monitoring and assessmeént or where a condition gssess-
ment by inspection or diagnostic measurements is possible.

A.3.3 Periodic maintenance

The pe[iodic maintenance is characterized by the maintenance activities conducted ac¢ording
to regufar 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
functiohality of the equipment is not endangered.

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

A.3.4 Maintenance after extraordinary operating conditions

Here, maintenancesactivities are initiated after the occurrence of special operating conditions
or evephts. As axfUle, these are operational events with increased stresses of equipment,
e.g. shprt circuits, which consume the degree of wear above average.

Prevenftive/maintenance requires that the operating conditions with higher stresses are de-
tected. The extent of the required one-time or cyclical mainienance 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:

— costs,

— power quality,

— environmental impact,

— image

— etc
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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-
fledd """ S8 1L~ ”‘i"ivi Te—1TeTWoO ii’;iv‘v”';’v”
conditipn determination are applicable for various equipment/installations including, thg 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 conditiomdetermination of an
object and its respective components.

— Thqg listed activities are responsible for personal safety, operational and envirorimental
secprity as well as functional security.

— If eguipment/installations are not listed, the condition determination shall be madg in ac-
corflance with this specification by own specifications.

— If agtivities cannot be performed, for example due {d.the design, this should be consgidered
when determining the type of maintenance or the sélected strategy.

— Thg condition determination is made by opefational inspection, visual inspection,| online
monitoring, functional check, and condition ihvestigation. The condition investigation can
be tarried out, e.g., by a measurement (centinuous or discontinuous), optionally by a rep-
resentative random sample.

— Thqg listed measurements can represent routine measurements as well as special [nvesti-
gations which can be performed forcondition investigation in special cases.

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

— Component: Part of egquipment or a functional group for which a condition assessient is
performed.
— Criferion: Which ‘property of the component is analysed due to the operating experignce.

— Act|vity: Descftiption of the procedure for the condition determination, such as measure-
ment, visyal-inspection. Even reading of a fixed measuring device is part of the visual in-
spegction.

— 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

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-

Operational and visu-

al inspection

ardous positions (holes, une-
venness)

Inscriptigns (warning,
indicating, safety labels,
identificdtion plates),
safeguarld (barriers)

Existing, valid, complete,
clear, and readable

Visual inspection

General puilding condi-
tion (dodrs, windows,
gates, rdofs, walls, corri-
dors, etd.)

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

Operational and visu-

al inspection

Standard and emergency
lighting

Safe functionality

Functional check

Traffic, dscape routes

Accessibility, identification,
functional check of panic
locks

Operationdl and visu-

al inspection

Notice, rpegulations

Existing, complete, correct,
clear, readable

Visual inspection

Supportipg structures,
fundamepts, terminal
construction (e.g. steel,
concrete

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

Visual inspection,
condition investiga-
tion

Power transformer fun-
dament, [collecting vat
with sepg@rated container

Tightness.of\the surface,
manholé€ and pipe connec-
tions

Visual inspection,
condition investiga-
tion

Power transformer fun-
dament, [collecting vat
with intefrated 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 comnductor

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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Component

Criterion

Activity

Additional infor-
mation

Housing, bay (open)

External defects, corrosion,
pollution

Visual inspection

Enclosure (metal)

External defects, corrosion,
pollution

Visual inspection

Solid enclosure

External defects, pollution,
partial discharge

Visual inspection,
condition investiga-
tion

Flanges, flange joints

External defects, corrosion,

Visual inspection

[TNTH
PoTTatot

Conductf{on/bus
bars/joinfs (open)

External defects, corrosion,
pollution

Visual inspection

Monitoripg equipment
(signallirjg device, voltage
test systpm, filling pres-
sure sysjem)

Functionality

Functional check,
condition investiga-
tion

Locking

Functionality

Functional check

Grounding

External defects, grounding
resistance (see B.2.1.2)

Visual inspection,
condition determina-
tion

Inscriptigns, barriers

External defects, complete-
ness, correctness

Visual ingpection

Clamps, |conductor, joints

Pollution, damage, corrosion,
heating

Visuakinspection,
condition investiga-
tion (e.g. thermogra-
phy)

B.2.1.§ Switchgears
B.2.1.85.1 Circuit-breaker (SF, airsblast, minimum oil, vacuum)
B.2.1.5.1.1 Live parts
Cpmponent Criterion Activity Additional infor-
mation
Porcelaifp (arcing cham- Pollution, damage Visual inspection
ber), cement, flanges,
terminations, pole pillar
(air insullated substation)
Flange jgints (outdoor Corrosion (not flange corro- Visual inspection
circuit-brleaker) sion)
Contactsi 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
(vacuum circuit-breaker,
withdrawable switch)

Crack formation

Visual inspection

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

Pneumafic(airpressure
drive)

NUTmper or compressionadl
starts

vIsUdl Inspection

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

Functionality

Functional check

B.2.1.5.1.3

Secondary and auxiliary installations

Cpmponent

Criterion

Activity

Additional infor-
mation

Anti-con@lensation heater

Functionality

Functional check

Alarm and warning indica-
tion devifes

Functionality

Functiehal‘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
Cpmponent Criterion Activity Additional infor-

mation

Outer ingulation

Damage, pollution

Visual inspection

Contact pystem

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-
vice

Functionality

Functional check

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

abrasion

condition investigay
tion (e.g. resistarce
measurement)

Pivot bearing connection

Damage

Visual inspegétion

Supportqr, slewing col-
umn, oufer insulation,
cement

Damage, pollution

Visualjingpection

Flanges,|flange joints Corrosion Visual inspection
B.2.1.§5.3.2 Drive
Cpmponent Criterion Activity Additional infor-
mation
Drive (ggneral) Corrosion Visual inspection
Hinges Greasing Visual inspection
Leveragsg Pollution, damage Visual inspection

Motor (ppeumatic)

Running time

Condition investiga-
tion

Motor Power consumption, torque Condition investiga-
tion

Pneuma HPaS Tigh}nnoe AVATITEN| inepnn}inn

B.2.1.5.3.3 Secondary and auxiliary installations

Component

Criterion

Activity

Additional infor-
mation

Anti-condensation heater

Functionality

Functional check

Outer secondary wiring,
position switch, auxiliary
switch

Damage, wiring

Visual inspection,
functional check
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B.2.1.6

HVDC converter station
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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, Condition investiga-
arc traces, pollution, discol- tion, visual inspection
oration

Cooling {valves) Functionality Functional check

Control, pignalling and
monitoripg devices

Functionality

Functional check

Smoothing reactor

See B.2.4

Harmonig filter

See B.2.1.9 and B.2.4

B.2.1.7 Bushings, insulators
B.2.1.7.1 Bushings
Cpmponent Criterion Activity Additional infor-

mation

Insulator] (general, open
air), cenmlent

Pollution, damage, arc ef-
fects

Visual inspection

Composite insulator

Hydrophobia

Condition investiga-
tion

IEC TS 62073 [6]

Fittings Damage, corrdsion, defor- Visual inspection
mation, crossssection chang-
es
Sealing $ystem of internal | Corrosien, aging (sealing Visual inspection
oil filling ring)s filling level
Sealing $ystem of internal (| €orrosion, aging (sealing Visual inspection

gas filling (as applicable)

ring)

Active cgmponent based
on OIP (pil impregnated
paper)

Aging, humidity

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

Active cgmponent 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
Cpmponent Criterion Activity Additional infor-

mation

Housing] terminal box

Tightness, corrosion, dam-
age, pollution, ventilation

Visual inspection

Porcelaip, composite
insulator

Damage, pollution, cement,
hydrophobia

Visual inspection,
condition investiga-
tion

Insulating medium

Oil level, SF4 pressure,
SF tightness, oil quality

Visual inspectiony
condition investiga-
tion

Qil conngctor

Tightness

Visual)inspection

Anti-conflensation heater

Functionality

Functional check

Alarm and warning indica-
tion devifes

Functionality

Functional check

Test and monitoring de-
vice

Functionality

Functional check

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

mation, tightness

Insulatoryclamp

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-
tion devices

Functionality

Functional check

Test and monitoring de-
vice

Functionality

Functional check

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
Component Criterion Activity Additional infor-
mation
Installation site Room temperature, freedom Visual inspection

from dust, intactness of re-
tention areas

Venting system

Functionality

Visual inspection,
functional check

Charging device

Connection of power supply,
condition

Visual inspection

Battery Housing

Damage, pollution

Visual inspection

Battery gell Battery, block and cell volt- Condition investiga-
age, current, electrolyte tion, visual inspection
(tightness, temperature, posi-
tion), capacity
Ventilatipn plug (battery Functionality Visual inspection
cells)
B.2.1.10.2 Converter installation/converter
Cpmponent Criterion Activity Additional infor-
mation
Installatipn site Room temperature, freedom Visual'inspection
from dust, humidity
Air conditioning Functionality Functional check

Control foom

Ventilation, pollution

Visual inspection,
functional check

Control, pignalling and Functionality Functional check
monitorimg devices
Housing] terminal clamp, Pollution, strength, electric Visual inspection,

switchboard, grounding,

equipote

htial bonding

connection

condition investiga-
tion (e.g. potential
measurement)

Voltage
cation, f

hnd current indi-
nction display

Indication error

Visual inspection,
functional check

B.2.1.10.3 Installation of auxiliary electric power supply
Cpmponent Criterion Activity Additional infor-
mation
General Functionality Functional check
B.2.2 Low voltage installations
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Switchgear and supply 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,
enclosur,

External defects, pollution

Visual protection

Conductprs, busbar,
joints

External defects, insulation,
corrosion, pollution

Visual inspection

Switchggar (circuit-
breaker,|load switch, dis-
connectqr, switch-
disconngctor

External defects

Visual inspection

Grounding system, equi-
potentiallbonding

External defects, grounding
resistance

Visual inspection,
condition investiga-
tion

Inscriptigns, identifica-
tion, barfiers

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

Visual inspection

B.2.2.2

House service connection

Cpmponent

Criterion

Activity

Additional infor-
mation

Housing] seal, joints

External defects, corrosion,
pollution

Visual inspection

B.2.2.3

Cable distribution box

Cpmponent

Criterion

Activity

Additional infor-
mation

Installatipn site

\legetation, foreign body,
ground zone

Visual inspection

Housing|including base

External defects, ventilation,
locking system

Visual inspection,
functional check

Inscriptigns, idéntification

Existing, complete, correct,
clear, readable

Visual inspection

Interior

Pollution, small animals

Visual inspection

vegetation, foreign objects,
protection against electric
shock

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
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