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Les Laboratoires des assureurs du Canada (ULC) ont été constitués en
1920 par lettres patentes émises par le gouvernement canadien. lls
entretiennent et exploitent des laboratoires et des services de certification
pour le controle, la mise a lessai et la certification d'appareils,
d’équipement, de matériaux, de constructions et de systémes dans le but
de déterminer leur rapport avec les risques de mortalité, d’incendie et de
perte de biens, et ils fournissent également des services d’'inspection.

Les Laboratoires des assureurs du Canada sont accrédités par le Conseil
canadien des normes a titre d’organisme de certification, d’organisme de
mise a I'essai et d’'organisme d’inspection en vertu du Systéme national de
normes du Canada.

Normes ULC élabore et publie des normes et d’autres publications
connexes relatives a la construction de batiments, a la protection par
systeme d’alarme de sécurité et systeme d’alarme antivol, a la sécurité
environnementale, au matériel électrique, a I'équipement de protection
incendie, aux appareils a gaz et au mazout, aux produits d’isolation
thermique, aux matériaux et aux systémes, a I'utilisation d’énergie dans le
milieu de la construction et a la sécurité au travail pour les services

publics d’électricité.

Normes ULC est un organisme sans but lucratif et est accrédité par le
Conseil canadien des normes a titre d’organisme d’élaboration de normes.

Les Normes nationales du Canada élaborées par Normes ULC satisfont
aux critéres et aux méthodes établis par le Conseil canadien des normes.
Ces normes sont rédigées selon le principe du consensus par des
personnes qui représentent un juste équilibre des intéréts visés par I'objet
de la norme en cause sur le plan national.

Les Laboratoires des assureurs du Canada sont représentés partout au
Canada ainsi que dans de nombreux pays.

Pour obtenir plus de renseignements sur les services des Laboratoires
des assureurs du Canada, veuillez communiquer avec :

Service a la clientele : 1-866-937-3852

SIEGE SOCIAL

Laboratoires des assureurs du Canada
7, chemin Underwriters

Toronto (Ontario) M1R 3A9

Téléphone : (416) 757-3611
Télécopieur : (416) 757-9540

BUREAUX REGIONAUX

PACIFIQUE

13775, Commerce Parkway, bureau 130
Richmond (Colombie-Britannique) V6V 2V4
Téléphone : (604) 214-9555

Télécopieur : (604) 214-9550

EST

6505, Route transcanadienne, bureau 330
St-Laurent (Québec) H4T 1S3

Téléphone : (514) 363-5941

Télécopieur : (514) 363-7014

Pour obtenir plus de renseignements sur les normes des Laboratoires des
assureurs du Canada, veuillez communiquer avec :

NORMES ULC

171, rue Nepean, bureau 400
Ottawa (Ontario) K2P 0B4
Téléphone : (613) 755-2729
Télécopieur : (613) 231-5977

Courriel : customerservice@ulc.ca
Site Web : www.ulc.ca
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Underwriters Laboratories of Canada (ULC) was established in 1920 by
letters patent issued by the Canadian Government. It maintains and
operates laboratories and certification services for the examination,
testing and certification of appliances, equipment, materials,
constructions and systems to determine their relation to life, fire and
property hazards as well providing inspection services.

Underwriters Laboratories of Canada is accredited by the Standards
Council of Canada as a Certification Organization, a Testing
Organization, and an Inspection Body under the National Standards
System of Canada.

ULC Standards develops and publishes standards and other related
publications for building construction, security and burglar protection,
environmental safety, electrical equipment, fire protection equipment,
gas and oil equipment, thermal insulation products, materials and
systems, energy use in the built environment and electrical utility
safety.

ULC Standards is a not-for-profit organization and is accredited by the
Standards Council of Canada as a Standards Development
Organization.

National Standards of Canada developed by ULC Standards conform
to the criteria and procedures established by the Standards Council of
Canada. Such standards are prepared using the consensus principle
by individuals who provide a balanced representation of interests
relevant to the subject area on a national basis.

ULC is represented across Canada as well as many countries
worldwide.
For further information on ULC services, please contact:

Customer Service: 1-866-937-3852

CORPORATE HEADQUARTERS
Underwriters Laboratories of Canada
7 Underwriters Road

Toronto, Ontario M1R 3A9
Telephone: (416) 757-3611

Fax: (416) 757-9540

REGIONAL OFFICES

PACIFIC OFFICE

13775 Commerce Parkway, Suite 130
Richmond, British Columbia V6V 2V4
Telephone: (604) 214-9555

Fax: (604) 214-9550

EASTERN OFFICE

6505 Route Transcanadienne, Suite 330
St. Laurent, Québec H4T 1S3
Telephone: (514) 363-5941

Fax: (514) 363-7014

For further information on ULC standards, please contact:

ULC STANDARDS

171 Nepean Street, Suite 400
Ottawa, Ontario K2P 0B4
Telephone: (613) 755-2729
Fax: (613) 231-5977

E-mail: customerservice@ulc.ca
Web site: www.ulc.ca
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Le Conseil canadien des normes (CCN) est le coordonnateur du réseau
canadien de normalisation, lequel est composé de personnes et
d’organismes qui participent a I'élaboration, la promotion et la mise en
oeuvre des normes. Grace aux efforts conjugués des membres du
réseau canadien de normalisation, les travaux de normalisation
contribuent a améliorer le bien-étre collectif et économique du Canada et
a protéger la santé et la sécurité des Canadiens. Le CCN veille au bon
déroulement des activités du réseau.

Les principaux objectifs du CCN sont d’encourager et de favoriser une
normalisation volontaire en vue de faire progresser I'économie nationale,
de contribuer au développement durable, d’améliorer la santé, la sécurité
et le bien-étre des travailleurs et du public, d’aider et de protéger le
consommateur, de faciliter le commerce intérieur et extérieur et de
développer la coopération internationale en matiére de normalisation.

Un aspect important du systéme canadien d’élaboration de normes est
I'application des principes suivants : consensus; égalité d’acces et
participation efficace des parties concernées; respect des divers intéréts
et détermination des intéréts auxquels il faudrait donner accés au
processus afin d’assurer I'équilibre nécessaire entre les intéréts;
mécanisme de reglement des différends; ouverture et transparence;
liberté d’acces des parties intéressées aux procédures qui orientent le
processus d’élaboration de normes; clarté des processus; prise en
compte de l'intérét du Canada comme fondement initial de I'élaboration
des normes.

Une Norme nationale du Canada (NNC) est une norme qui a été
préparée ou examinée par un organisme d’élaboration de normes (OEN)
accredité et approuvée par le CCN au regard des exigences
d’approbation des NNC. L’approbation ne porte pas sur le contenu
technique de la norme, cet aspect demeurant la responsabilité de 'OEN.
Une NNC refléte un consensus parmi les points de vue d’un certain
nombre de personnes compétentes dont les intéréts réunis forment, dans
la plus grande mesure possible, une représentation équilibrée des
intéréts généraux et de ceux des producteurs, des organismes de
réglementation, des utilisateurs (y compris les consommateurs) et
d’autrés personnes intéressées, selon le domaine visé. Les NNC ont
pour but d’apporter une contribution appréciable, en temps opportun, a
I'intérét du Canada.

Il est recommandé aux personnes qui ont besoin d’utiliser des normes de
se servir des NNC. Ces normes font I'objet d’examens périodiques; c’est
pourquoi 'on recommande aux utilisateurs de se procurer I'édition la plus
récente de la norme auprés de 'OEN qui I'a publiée.

La responsabilité d’approuver les normes comme NNC incombe au :

Conseil canadien des normes
270, rue Albert,

bureau 200

Ottawa (Ontario)

K1P 6N7

CANADA

Téléphone: (613) 238-3222

The Standards Council of Canada (SCC) is the coordinating body of the
Canadian standardization network, which is composed of people and
organizations involved in the development, promotion and
implementation of standards. Through the collaborative efforts of
Canadian standardization network members, standardization is helping
to advance the social and economic well-being of Canada and to
safeguard the health and safety of Canadians. The network’s efforts are
overseen by SCC.

The principal objectives of SCC are to foster and promote voluntary
standardization as a means of advancing the national economy,
supporting sustainable development, benefiting the health, safety and
welfare of workers and the public, assisting and protecting the consumer,
facilitating domestic and international trade, and furthering international
cooperation in relation to standardization.

An important facet of the Canadian standards development system is the
use of the following principles: consensus; equal access and effective
participation by concerned interests; respect for diverse interests and
identification of those who should be afforded access to provide the
needed balance of interests; mechanism for dispute resolution;
openness and transparency; open access by interested parties to the
procedures guiding the standards development process; clarity with
respect to the processes; and Canadian interest consideration as the
initial basis for the development of standards.

A National Standard of Canada (NSC) is a standard prepared or
reviewed by an SCC-accredited SDO and approved by the SCC
according to NSC approval requirements. Approval does not refer to the
technical content of the standard, as this remains the responsibility of the
SDO. An NSC reflects a consensus of a number of capable individuals
whose collective interests provide, to the greatest practicable extent, a
balance of representation of general interests, producers, regulators,
users (including consumers) and others with relevant interests, as may
be appropriate to the subject at hand. NSCs are intended to make a
significant and timely contribution to the Canadian interest.

Those who have a need to apply standards are encouraged to use
NSCs. These standards are subject to periodic review. Users of NSCs
are cautioned to obtain the latest edition from the SDO that publishes the
standard.

The responsibility for approving standards as NSCs rests with:

Standards Council of Canada
270 Albert Street

Suite 200

Ottawa, Ontario

K1P 6N7

CANADA

Telephone: (613) 238-3222

Le but premier visé par cette norme est énoncé au paragraphe qui en définit le domaine d'application. Il importe de préciser qu'il incombe a
I'utilisateur de décider si la norme convient a ses besoins particuliers.

The intended primary application of this Standard is stated in its scope. It is important to note that it remains the responsibility of the user of the
Standard to judge its suitability for this particular application.

LES NORMES NATIONALES DU CANADA SONT DISPONIBLES EN VERSIONS FRANCAISE ET ANGLAISE
NATIONAL STANDARDS OF CANADA ARE AVAILABLE IN FRENCH AND ENGLISH VERSIONS

On peut se procurer des exemplaires de cette Norme nationale du Canada en s’adressant a Normes ULC.

Copies of this National Standard of Canada may be ordered from ULC Standards
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May 2014 CAN/ULC-61472-14 ULC/5
ULC COMMITTEE ON LIVE WORKING
COMITE ULC SUR LES TRAVAUX SOUS TENSION
. . CATEGORY

MEMBER/MEMBRE REPRESENTING/REPRESENTANT REGION/REGION ICATEGORIE

T. Corbett SaskPower Saskatchewan User/Utilisateur

R. Finlay Hydro One Networks Inc. Ontario User/Utilisateur

M. Gardner Alberta Safety Codes Alberta Regulator/Organisme
de réglementation

J. Harris Hycotec Ontario General Interest/
Membre intéressé a
titre divers

C. Jeans Consultant Canada General Interest/
Membre intéressé a
titre divers

P. Komaroni CR Power User/Utilisateur

Canada

C. Maurice Kinectrics Inc. Canada General Interest/
Membre intéressé a
titre divers

J. McDonald Powerline Training Consultants Canada General Interest/
Membre intéressé a
titre divers

T. Olson TKO Consulting Canada General Interest/
Membre intéressé a
titre divers

J. Pollard Oberon Company Canada Producer/Producteur

B. Richards North Safety Products Canada Producer/Producteur

S. Pineiro Hydro-Québec Québec User/Utilisateur

B. Spalteholz BC Hydro British Columbia/ User/Utilisateur

Colombie-Britannique

H. Werden ATCO Electric Alberta User/Utilisateur

M. Ciufo (Non-voting) CEA Canada Associate Member/
Membre associé

C. Comte (Non-voting) IREQ Québec Associate Member/
Membre associé

W. van Halderen ULC Standards/ Normes ULC Canada (Standards Coordinator
Non-voting) /
(coordonnateur des normes
sans droit de vote)

Il s’agit de la liste des membres du comite au moment de I'approbation de présent document.
La composition du comite peut avoir change depuis ce temps-la.

This list represents the membership at the time the Committee balloted on the final text of this
edition. Since that time, changes in the membership may have occurred.
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CAN/ULC-61472-14
(CENIEC 61472:2013, IDT)

Travaux sous tension — Distances minimales d'approche pour des
réseaux a courant alternatif de tension comprise entre 72,5 kV et 800
kV — Une méthode de calcul

PREFACE ULC

Ce document constitue la premiére édition de la norme, CAN/ULC-61472-14 (CEI/IEC
61472:2013, IDT), Travaux sous tension — Distances minimales d'approche pour des réseaux a
courant alternatif de tension comprise entre 72,5 kV et 800 kV — Une méthode de

calcul, laquelle constitue une adoption de la norme internationale de la Commission
Electrotechnique Internationale, CEI/IEC 61472 (troisiéme édition, 2013-04)

Au Canada, il y a deux langues officielles, le francais et I'anglais. Tous les avertissements de
sécurité doivent étre en frangais et en anglais. Il importe de signaler que certaines autorités
canadiennes peuvent exiger que des marquages et/ou des directives d'installation
supplémentaires soient dans les deux langues officielles.

Cette édition de la norme a été approuvée par le Comité ULC sur les travaux sous tension et a
été approuvée en tant que Norme nationale du Canada par le Conseil canadien des normes.

La révision de cette norme débutera dans les 5 ans suivant la date de publication, a moins que
la norme soit désignée comme entrant dans une catégorie stabilisée, auquel cas la révision
commencera dans le délai approprié défini par Normes ULC.

La présente norme est destinée a étre utilisée a des fins d'évaluation de la conformité.

Une grande partie du financement nécessaire au processus d’adoption de cette norme
nationale du canada a été assurée par I'association canadienne de I'électricité (ACE) que nous
tenons a remercier.

© Mai 2014

© Tous droits réservés. Aucune partie de cette publication ne peut étre reproduite d’aucune maniéere, par

' systeme de récupération électronique ou autre, sans la permission préalable des Normes ULC
L’impression du document CEIl a été autorisée. Toute demande de renseignements sur cette Norme
nationale du Canada devrait étre adressée aux Normes ULC.

Documents

Document Sharing Hub

Copyright Underwriters' Laboratories of Canada
Provided by IHS Markit under license with ULC Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ULC 61472-14 2014


http://www.avadocuments.com/doc/ulc-61472-14-2014
http://www.avadocuments.com/doc/ulc-61472-14-2014

May 2014 CAN/ULC-61472-14 ULC/7

CAN/ULC-61472-14
(CENIEC 61472:2013, IDT)

Live working — Minimum approach distances for a.c. systems in the
voltage range 72,5 kV to 800 kV — A method of calculation

ULC PREFACE

This is the First Edition of the Standard CAN/ULC-61472-14 (CEI/IEC 61472:2013, IDT), Live
working — Minimum approach distances for a.c. systems in the voltage range 72,5 kV to 800 kV
— A method of calculation, which is an adoption of the international standard by International
Electrotechnical Commission, CEI/IEC 61472:2013 (Third Edition 2013-04).

In Canada there are two official languages, English and French. All safety warnings must be in
French and English. Attention is drawn to the possibility that some Canadian authorities may
require additional markings and/or installation instructions to be in both official languages.

This Edition of the Standard has been formally approved by the ULC Committee on Live
Working and has been approved as a National Standard of Canada by the Standards Council of
Canada.

The initiation of the review of this Standard will commence within 5 years of the date of
publication, unless the Standard is identified as fitting within a stabilized category, whereby the
review will commence within the appropriate time frame set out by ULC Standards.

This Standard is intended to be used for conformity assessment.

Major funding in support of the adoption process of this National Standard of Canada was
provided by the Canadian Electricity Association (CEA), whose assistance is acknowledged with
thanks.

May 2014

© All rights reserved. No part of this publication may be reproduced in any form, in an electronic retrieval
system or otherwise, without the prior permission of ULC Standards. IEC material is reprinted with
permission. Inquiries regarding this National Standard of Canada should be addressed to ULC
Standards.
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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 your local IEC member National Committee for further information.
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utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie et les
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publication, utilisez les coordonnées ci-aprés ou contactez le Comité national de la CEl de votre pays de résidence.

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00
info@iec.ch
www.iec.ch

About the IEC

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

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigenda or an amendment might have been published.

Useful links:

IEC publications search - www.iec.ch/searchpub

The advanced search enables you to find IEC publications
by a variety of criteria (reference number, text, technical
committee,...).

It also gives information on projects, replaced and
withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available on-line and
also once a month by email.

Electropedia - www.electropedia.org

The world's leading online dictionary of electronic and
electrical terms containing more than 30 000 terms and
definitions in English and French, with equivalent terms in
additional languages. Also known as the International
Electrotechnical Vocabulary (IEV) on-line.

Customer Service Centre - webstore.iec.ch/csc

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

A propos de la CEI

La Commission Electrotechnique Internationale (CEIl) est la premiere organisation mondiale qui élabore et publie des
Normes internationales pour tout ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publications CEI

Le contenu technique des publications de la CEIl est constamment revu. Veuillez vous assurer que vous possédez
I"édition la plus récente, un corrigendum ou amendement peut avoir été publié.

Liens utiles:

Recherche de publications CEI - www.iec.ch/searchpub

La recherche avancée vous permet de trouver des
publications CEI en utilisant différents critéres (numéro de
référence, texte, comité d’études,...).
Elle donne aussi des informations sur les projets et les
publications remplacées ou retirées.

Just Published CEI - webstore.iec.ch/justpublished

Restez informé sur les nouvelles publications de la CEL.
Just Published détaille les nouvelles publications parues.
Disponible en ligne et aussi une fois par mois par email.

Electropedia - www.electropedia.org

Le premier dictionnaire en ligne au monde de termes
électroniques et électriques. Il contient plus de 30 000
termes et définitions en anglais et en frangais, ainsi que
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LIVE WORKING -
MINIMUM APPROACH DISTANCES FOR A.C. SYSTEMS
IN THE VOLTAGE RANGE 72,5 kV TO 800 kV -
A METHOD OF CALCULATION

FOREWORD

1) 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
international 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,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(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 International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC 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
interested IEC National Committees.

3) 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
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) 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
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) 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.

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

7) No 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
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) 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.

9) 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.

International Standard IEC 61472 has been prepared by technical committee 78: Live
working.

This third edition cancels and replaces the second edition of IEC 61472 published in 2004. It
constitutes a technical revision.

This document has been prepared according to the requirements of IEC 61477: Live working
— Minimum requirements for the utilization of tools, devices and equipment, where applicable.

Significant changes with regard to the second edition are the following:

— clarification of the scope;
— review of the definitions;

— clarification of the methodology of determining whether live working is permissible and the
calculation of the minimum approach distances; Documents
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— modification of the basic equation for calculation of the minimum approach distance;
— introduction of Table 1 for altitude correction factor simplification k;

— introduction of criteria in presence of composite insulator and clarification on the use of
insulator factor &;;

— review of the informative Annex F on the influence of floating conductive objects on the
dielectric strength;

— review of the informative Annex G on live working near contaminated, damaged or moist
insulation.

The text of this standard is based on the following documents:

FDIS Report on voting
78/1004/FDIS 78/1010/RVD

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

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

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

* reconfirmed,

¢« withdrawn,

* replaced by a revised edition, or
* amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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LIVE WORKING -
MINIMUM APPROACH DISTANCES FOR A.C. SYSTEMS
IN THE VOLTAGE RANGE 72,5 kV TO 800 kV -
A METHOD OF CALCULATION

1 Scope

This International Standard describes a method for calculating the minimum approach
distances for live working, at maximum voltages between 72,5 kV and 800 kV. This standard
addresses system overvoltages and the working air distances or tool insulation between parts
and/or workers at different electric potentials.

The required withstand voltage and minimum approach distances calculated by the method
described in this standard are evaluated taking into consideration the following:

— workers are trained for, and skilled in, working in the live working zone;

— the anticipated overvoltages do not exceed the value selected for the determination of the
required minimum approach distance;

— transient overvoltages are the determining overvoltages;

— tool insulation has no continuous film of moisture or measurable contamination present on
the surface;

— no lightning is seen or heard within 10 km of the work site;
— allowance is made for the effect of conducting components of tools;

— the effect of altitude, insulators in the gap, etc, on the electric strength is taken into
consideration.

For conditions other than the above, the evaluation of the minimum approach distances may
require specific data, derived by other calculation or obtained from additional laboratory
investigations on the actual situation.

2 Terms, definitions and symbols
For the purpose of this document, the following terms, definitions and symbols apply.

2.1 Terms and definitions

2.1.1

damaged insulator

insulator having any type of manufacturing defect or in-service deterioration which affects its
insulating performance

2.1.2

electrical distance

Dy

distance in air required to prevent a disruptive discharge between energized parts or between
energized parts and earthed parts during live working

[SOURCE: IEC 60050-651:—, 651-21-12]
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213

ergonomic distance

ergonomic component of distance

Dg

distance in air added to the electrical distance, to take into account inadvertent movement
and errors in judgement of distances while performing work

[SOURCE: IEC 60050-651:—, 651-21-13]

2.1.4

fifty per cent disruptive discharge voltage

Usg

peak value of an impulse test voltage having a fifty per cent probability of initiating a
disruptive discharge each time the dielectric testing is performed

[SOURCE: IEC 60050-604:1987, 604-03-43]

2.1.5

highest voltage of a system

US

highest value of operating voltage which occurs under normal operating conditions at any time
and any point in the system (phase to phase voltage)

Note 1 to entry: Transient overvoltages due e.g. to switching operations and abnormal temporary variations of
voltage are not taken into account.

[SOURCE: IEC 60050-601:1985, 601-01-23, modified — A reference to phase to phase voltage
has been added.]

2.1.6

minimum approach distance

minimum working distance

Dp

minimum distance in air to be maintained between any part of the body of a worker, including
any object (except tools appropriate for live working) being handled directly, and any part(s)
at different electric potential(s)

Note 1 to entry: The minimum approach distance is the sum of the electrical distance appropriate for the
maximum nominal voltage and of the selected ergonomic distance.

[SOURCE: IEC 60050-651:—, 651-21-11]

2.1.7

minimum residual insulation length

Dyins

insulation length required to prevent a disruptive discharge between energized parts and
earthed parts measured along the insulator length, taking into account the presence of
floating conductive objects and of damaged insulator portions

2.1.8

ninety per cent statistical impulse withstand voltage

Ugo

peak value of an impulse test voltage at which insulation exhibits, under specified conditions,
a ninety per cent probability of withstand

Note 1 to entry: This concept is applicable to self-restoring insulation.

[SOURCE: IEC 60050-604:1987, 604-03-42, modified — The definition has been changed to
refer specifically to a ninety per cent probability of withstand.] Documents
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2.1.9

part

any element present in the work location, other than workers, live working tools and system
insulation

2.1.10

per unit value

u

expression of the per unit value of the amplitude of an overvoltage (or of a voltage) referred to

Us~2/4/3

Note 1 to entry: This applies to u_, and Upg defined in Clause 4.

2.1.11

transient overvoltage

short duration overvoltage of few milliseconds or less, oscillatory or non-oscillatory, usually
highly damped

[SOURCE: IEC 60050-604:1987, 604-03-13, modified — The two notes in the original definition
have been deleted.]

2.1.12

two per cent statistical overvoltage

U,

peak value of a transient overvoltage having a 2 per cent statistical probability of being
exceeded

2.1.13
work location
any site, place or area where a work activity is to be, is being, or has been carried out

[SOURCE: IEC 60050-651:—, 651-26-03]

2.2 Symbols used in the normative part of the document

Aq length of damaged insulator or number of damaged units in an insulator of length A4,
not shunted by long arcing horn or grading ring

Ao length of undamaged insulator or number of undamaged insulator units not shunted
by long arcing horn or grading ring

s ratio of the total length in the direction of the gap axis of the floating conductive
objects (s) to the original air gap length

D length of the remaining air gap phase to earth
Da minimum approach distance

Dg ergonomic distance

Dy electrical distance necessary to obtain Ugg

Dijns  minimum residual insulation length

d4, dy, distances between the worker(s) and parts of the installation at different electric
d3 d4 potentials (see Figure 2)

F sum of all lengths, in the direction of the gap axis, of all floating conductive objects
in the air gap (in metres)

Copyright Underwriters' Laboratories of Canada
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Kg statistical safety factor

K factor combining different considerations influencing the strength of the gap
ka atmospheric factor

kq coefficient characterizing the average state of the damaged insulators
k¢ floating conductive object factor

kg gap factor

ki damaged insulator factor

kic damaged composite insulator factor

kis damaged insulator strings factor

kg standard statistical deviation factor

L original air gap length

P length of the remaining gap phase to phase

r distance of a conductive object from the axis of the gap

Se normalized value of the standard deviation of Ug, expressed in per cent
Us two per cent statistical overvoltage

Usg fifty per cent disruptive discharge voltage

Ugo ninety per cent statistical impulse withstand voltage

Uer two per cent statistical overvoltage between phase and earth

Uego  ninety per cent statistical impulse withstand voltage phase to earth
Up2 two per cent statistical overvoltage between two phases

Upoo  ninety per cent statistical impulse withstand between two phases

UgD per unit value of the two per cent statistical overvoltage phase to earth
Up2 per unit value of the two per cent statistical overvoltage between two phases
Us highest voltage of a system between two phases

3 Methodology

The methodology of determining whether live working is permissible and the calculation of the
minimum approach distances is based on the following considerations:

a) to determine the statistical overvoltage expected in the work location (Uy) and from this,
determine the required statistical impulse withstand voltage of the insulation in the work
location (Ugg);

b) to calculate the minimum residual insulation length D s if working next to insulators;
c) to calculate the electrical distance Dy required for the impulse withstand voltage Ugg;
d) to add an additional distance to allow for ergonomic factors associated with live working,
such as inadvertent movement.
The minimum approach distance Dp is thus determined by: Documents
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Dp = Dy(Ks =10)+ Dg (1)

where
Dy is the electrical distance necessary to obtain Ugg;

Dg is the ergonomic distance and is dependent on work procedures, level of training, skill of
the workers, type of construction, and such contingencies as inadvertent movement, and
errors in appraising distances (see Annex A for details).

Refer to Clause 5 for application of ergonomic distance.

4 Factors influencing calculations

4.1  Statistical overvoltage
The electrical stress at the work location shall be known. The electrical stress is described as

the statistical overvoltage that may be present at the work location. In a three-phase a.c.
power system the statistical overvoltage Ugo between phase and earth is:

Ue2 = (\2/\[3) Us ue2 (2)

where

Ug (\/5/\/5) is the highest phase to earth peak voltage, of the system expressed in kV, and
ue2 is the statistical overvoltage phase to earth expressed in per unit.

The statistical overvoltage Upz between two phases is:

Up2 = (\E/\/g) Us up2 (3)
where up; is the statistical overvoltage phase to phase expressed in per unit.

If the per unit phase to phase data are not available, an approximate value can be derived
from ugp by the following formula:

up2 = 1,35 ugp + 0,45 (4)

The transient overvoltages to be considered are the maximum that can occur, either on the
installation being worked on or at the work site, whether caused by system faults or by
switching (see Annex B).

4.2 Gap strength

For the determination of the electrical distance, the required withstand voltage for live working
is taken to be equal to the voltage Ugg, determined from the general expression

Ugo = Ks Uy (5)

Considering the phase to earth and phase to phase voltages separately and combining
equation (5) with equations (2) and (3) gives:

Uego = Ks (\/5/\/5) Us ue2 (6)

Dogyments

Upgo = KS (\/E/-\/g) US UpQ o ]
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where

Ky is the statistical safety factor (1,0 or 1,1 for formula (5), (6) and (7)) (see
Clause 5);

Uegp and Upgg are respectively the statistical impulse withstand voltages phase to earth and
phase to phase, expressed in kV.

4.3 Calculation of electrical distance DU

4.31 General equation

The strength of the gap is influenced by a series of considerations which can be combined in
a factor K used in the following formula for calculating Dy (in metres):

Dy = 2,17 (e Usol(1 080 Ky _ 1)+ F (8)

where

F sum of all lengths, in the direction of the gap axis, of all floating conductive objects in
the air gap (in metres) (see 4.3.2.4);

Ugp is the phase to earth (Uggg) or the phase to phase (Upgg) statistical impulse withstand
voltage in kV;

K is given by:
Kt = ks kg ka ks ki (9)

4.3.2 Factors affecting gap strength
4.3.21 Standard statistical deviation factor kg

Factor kg accounts for the statistical nature of the breakdown voltage. Unless the value of the
standard deviation, se, is known from tests representing the gap configuration, a value of
0,936, based on a standard deviation of 5 %, for positive impulses, can be used (see
Annex C).

4.3.2.2 Gap factor kg

The gap factor kg takes into account the effect of the gap configuration on the dielectric
strength of air (see Annex D).

NOTE 1 Unless an appropriate gap factor can be selected for the structure configurations that exist at the system
voltage being considered, a generally conservative value that allows for a variety of configurations is k4 = 1,2 for
phase to earth and k4 = 1,45 for phase to phase.

NOTE 2 CIGRE Brochure 72 and IEC 60071-2 provide more information concerning the determination of kg for
various gap configurations.

4.3.2.3 Atmospheric factor i,

The atmospheric factor takes into account the effect of air density. Air density is influenced by
temperature, humidity and altitude. The effect of temperature and humidity is negligible in
comparison with the effect of altitude.

The electric strength of the air insulation in the work location is mainly affected by the altitude
above sea level. This effect, which varies to some extent with the gap length, or conversely
with the withstand voltage, is accounted for by the atmospheric factor k5. The appropriate
value of k5 can be selected from Table 1 of average values or from Table E.1 or calculated for
a specific altitude and Ugg by the method given in Annex E, for a reference altitude below

which most live work is done. Documents
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Table 1 — Average k, values

Altitude ka

m average
0 1,000
100 0,995
300 0,983
500 0,972
1000 0,941
1500 0,909
2 000 0,875
2 500 0,841
3 000 0,805

The electrical distance Dy should be increased when live work is carried out in locations
higher than the reference altitude in order to account for the lower mean atmospheric
pressure. This can be done by multiplying Dy by an altitude correction factor, which can be
calculated using the equations given in Annex E.

4.3.2.4 Floating conductive object factor k;

Floating conductive objects can decrease, or increase, the electric strength of a gap by field
distortion.

A conductive object placed between two electrodes at different electric potentials, and not
connected to either one, is electrically floating and acquires an intermediate potential. The
extent of the influence these floating conductive objects have on the electric strength of the
gap varies depending on the number of floating conductive objects, their dimensions, shapes
and geometrical positions in the gap. Nevertheless, the presence of the floating conductive
object(s) reduces the net electrical length of the air gap.

When calculating the effects of floating conductive objects, all possible disruptive discharge
paths should be considered in determining the floating conductive object factor ;. The sum of
all floating conductive objects in the direction of the gap axis constitutes the floating
conductive object length, F.

In the most common live line work situations on high voltage lines, the ; factor depends on
the length of the remaining gap and on the lateral distance r of the conductive object from the
axis of the gap (see Figure 1). It has to be pointed out that D is obtained by subtracting the
length F from the original air gap L;, i.e. D = L; — F. Annex F provides evaluation criteria of the
ks factor as a function of F and D (P when phase to phase distances are considered), by
introducing the parameter

B=F/(D+F)

(or g =F/(P+F) when phase to phase distances are considered).

Experimental investigations (see Annex F) have shown that, in the more critical cases
representative of live line working configurations, the k; coefficient may be as low as 0,75 for
phase to earth gap distances over 1,2 m.
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Figure 1 — lllustration of two floating conductive objects of different dimensions

and at different distances from the axis of the gap

Table 2 reports a simplified criterion for the k; determination in dependence of g and L;. The i;
values are derived from the interpolation of the data shown in Annex F. Table 2 contains the
values of g in function of the original gap length L; rather than in function of the remaining air
gap length D because the original gap length L; is one of the important quantities that
characterise the constructed a.c. system.

For long or flat shaped conductive objects situated perpendicular to the air gap, for which no

specific experimental data exists, a conservative value k; = 0,75 may be assumed.
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Table 2 - Floating conductive object factor i

Phase to earth gaps Phase to phase gaps
L2 ks Bb L2 kg
ﬂb m m
Over Up to Over Up to Over Up to Over Up to
- 0,9 3,9 - 1 - 0,9 57 --- 1
0,1
0,9 3,9 0,95 0,05 0,9 21 3,8 5,7 0,95
- 0,5 4,7 - 1 21 3,8 0,9
0,5 1 3,3 4,7 0,95 - 0,6 6 --- 1
0,15
1 1,2 2,7 3,3 0,9 0,6 1,6 4,6 6 0,95
0,1
1,2 2,7 0,85 1,6 2,2 3,6 4,6 0,9
--- 0,4 4,9 --- 1 2,2 3,6 0,85
0,4 0,9 3,7 4,9 0,95 - 0,4 6,3 --- 1
0,2 0,9 1 3,1 3,7 0,9 0,4 1,4 5,1 6,3 0,95
1 1,2 2,6 3,1 0,85 0,2 1,4 1,8 4,4 5,1 0,9
1,2 2,6 0,8 1,8 2,3 3,5 4,4 0,85
- 0,3 5,1 - 1 2,3 3,5 0,8
0,3 0,8 3,8 51 0,95
0,8 0,9 3,2 3,8 0,9
0,25
0,9 1,1 2,8 3,2 0,85
1,1 1,3 2,4 2,8 0,8
1,3 2,4 0,75
NOTE When g values over the ones tabulated are involved, tests or studies are needed in order to consider the
actual floating conductive object shape and dimension.
a8 L;= Original air gap length.
b B = Ratio of the total length in the direction of the gap axis of the floating conductive objects (s) to the original
air gap length.

As far as the influence of the distance of the floating conductive objects from the axis of the
gap is considered, it may be assumed that the reduction of the electric strength becomes
negligible when

r>25F

The influence of metallic caps and pins of suspension insulators and conductive objects of
similar size, in the vicinity of the insulators, is negligible and shall be ignored.

The approach in Annex F gives general criteria for the determination of 4;. The real influence
of the floating conductive objects requires a detailed analysis (see Annex F).

Figure 2 illustrates various distinct live working tasks and the configurations in which they can
occur. According to the considered configuration, a correct value of kg and k; should be
determined.

See Annex F for more details.
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a) Worker not in the air gap d H &
1
d1 >DA
% “ )
b) Worker using insulating stick 4 &
1

d1>DA

c) Worker at intermediate potential
The smallest distance between
d1 +d30|'d2+d3>DA

d) Barehand work
The smallest distance between
dq ordy and dg ordy > Dp

IEC 624/13
Figure 2 — Typical live working tasks
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4.3.2.5 Damaged insulator factor k;

When working next to insulators it is necessary to calculate the minimum residual insulation
length, Dy ins. This is done taking into account the effects of damaged insulators or portion of
damaged insulator on the minimum approach distance (refer to Clause 3 for the
methodology).

Care shall be taken that the electrical integrity of the insulator assembly is not impaired by
tools in parallel, moisture or contamination on the surface and damaged insulators (see Annex
G).

The effect of damaged insulation on the withstand voltage in the work location shall be
considered by ensuring that a minimum number of undamaged insulator units or insulator
length is present before commencing work. The minimum residual insulation length, Dijns,
shall be determined from equation (10) using K, as given in equation (11) and a value of k;
given in the empirically-derived formula (12). The residual insulation length may otherwise be
determined from test data or by other means.

Diins = 2,17 (e Uso/(1 080 K1) _ 1), (10)

where
Ky = ks kg ka kt ki (11)
ki=1—-0,8 ky(dgldy) (12)

where

Ao is the length of undamaged insulator or number of undamaged insulator units not shunted
by long arcing horn or grading ring;

Aq is the length of damaged insulator or number of damaged units in an insulator of A4,
length or units not shunted by long arcing horn or grading ring;

kg is a coefficient characterizing the average state of the damaged units;
kg = 1 for toughened glass insulators;
kg = 0 to 1 for porcelain insulators, with kg = 0,75 as an average value;
kg = 1,25 for composite insulators affected by conductive or semiconductive damages
(see Annex G).

Refer to Annex G for consideration of arcing horn or grading ring spacing.

NOTE Portions of insulators shielded by horns or rings do not significantly contribute to the dielectric strength of
the string, hence damage in this area is less important and these portions can be shorted during work.

5 Evaluation of risks

The overall risk of breakdown of the insulation at the work location is associated with a
number of situations described below. These situations, when combined, reduce the overall
risk of breakdown. They are as follows:

— the actual system voltage is not always at a maximum value;

— the location of the work is not likely to correspond to the place where a transient
overvoltage is at the maximum value;

— the stress of the actual transient overvoltage wavefront is less than the critical front;
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— approximately half of the transient overvoltages will be of negative polarity, and are less
severe;

— the frequency and amplitude of transient overvoltages are reduced by restricting reclosing
of circuit breakers.

Thus, when no ergonomic distance is used, the value of 1,1 is recommended for K5 to reduce
the overall risk of breakdown of the insulation to a level that correlates with other electrical
work operations.

The overall risk of a breakdown occurring during live working, when an ergonomic distance Dg
is incorporated, will be lower because an overvoltage is unlikely to arise at the work location
at that instant where the ergonomic distance is entirely breached by inadvertent movement of
the worker or object. Because of this, a value of K5 = 1,0 can be used when a defined
ergonomic distance Dg is included and is great enough that the value of Dp is always greater
than the value of Dp (when Dg is zero) with D, calculated using K = 1,1 i.e.:

Dp =Dy(ks = 1,0) + De > Dy(ks = 1,1)

where Dykg = 1,0) @and Dy (ks = 1,1) @re Dy calculated using Ks = 1,0 and Ks = 1,1 respectively.

6 Calculation of minimum approach distance D,

The following example is provided for demonstrating the use of equation (8) only and does not
suggest proper or typical selection of & values, ug,, or other factors.

The electrical distance Dy is calculated (in metres) from:

Dy = 2,17 (e Usol(1 080Kt)_1)+F (8)

where

F is the floating conductive object length (see 4.3.2.4);
Ugg = Ks Uo (from equation (5));

Ky is obtained in equation (9) K = ks kg ka kf ki.

After selecting an appropriate value for the ergonomic distance Dg (see Clause 5 and Annex
A), the minimum approach distance Dp can then be determined by equation (1):

Dp =Dy(,=1,0)*+ De

NOTE The value chosen for the ergonomic distance differs between users. It generally falls in the range of 0,2 m
to 1 m (see Clause 5 and Annex A).

In this example, electrical distance Dy is calculated for Kg = 1,0; ks = 0,936; kg = 1,2; kg =
0,941 (from Table 1 for 1 000 m); ks and k; = 1,0, Ug= 525 kV, ugy= 2,2, F =0 and Dg = 0,3 m.

Dy =2,787m (2,8 m)

Dp=28m+0,3m=3,1m

Documents

Document Sharing Hub

Copyright Underwriters' Laboratories of Canada
Provided by IHS Markit under license with ULC Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ULC 61472-14 2014


http://www.avadocuments.com/doc/ulc-61472-14-2014
http://www.avadocuments.com/doc/ulc-61472-14-2014

-18 - 61472 © |IEC:2013

Annex A
(informative)

Ergonomic distance

A.1  Overview

Two approaches, or a blend of both, can be used to establish an ergonomic distance:

— specify only an absolute minimum approach distance and let the skilled worker decide the
extra distance required for the particular job to be done;

— specify a complete minimum approach distance allowing a sufficient safety margin to
account for all possible contingencies.

A number of factors have to be considered before specifying the minimum approach distance,
or commencing work close to a live conductor. As it is impractical and inappropriate to
recommend an ergonomic distance here, the following points are provided as guidelines for
consideration by individual organisations.

A.2 Training, knowledge and skill

Basic to live working is knowledge of the hazards and means of personal protection, by
minimum approach distances and other methods. Workers need to be thoroughly trained in
live work and in the job at hand. During work, attention needs to be shared between the work
being performed and respecting the minimum approach distance. Adequate training and
practice in the work procedure will reduce the possibility of attention being diverted from
respecting the minimum approach distance by unexpected situations.

A.3 Protective barriers

A barrier is an obstacle that is in place to reduce or eliminate the ergonomic distance
requirement. It limits the distance workers can reach or approach to anything that is at a
different electric potential. A barrier could be metallic or non-metallic material.

A.4 Possibility of error

The possibility of errors being committed during the work depends on the work procedure
being used, personal factors, effects of the environment and the extent to which the workers
actions are monitored by others.

A.5 Work procedure

Different work positions and methods will require different allowances for unintentional
movement. The stability of the worker's position can also vary from task to task, e.g. working
above the earth, compared with working on the earth. A complex or strenuous job is also
more likely to divert the worker’s attention away from observing the minimum approach
distance.

Because of these factors, consideration could be given to using a different ergonomic
distance for different work situations or procedures.

Documents

Document Sharing Hub

Copyright Underwriters' Laboratories of Canada
Provided by IHS Markit under license with ULC Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ULC 61472-14 2014


http://www.avadocuments.com/doc/ulc-61472-14-2014
http://www.avadocuments.com/doc/ulc-61472-14-2014

61472 © IEC:2013 -19 -

A.6 Personal factors

A worker's physical, mental and emotional states are also possible causes for unintentional
movement. These factors are, in turn, influenced by the duration and strenuousness of the
job, for instance. Live working requires constant attention, both to the procedures and the
minimum approach distance, attention which can be readily distracted by personal factors. For
this reason, self control and safety awareness are essential skills to work at the minimum
approach distance.

A worker's ability to judge the minimum approach distance correctly is also important. For this
reason it may be beneficial to increase the ergonomic distance with the voltage. However, too
large a distance at high voltages will make small components on the live conductors difficult
to see, and tools heavier to handle.

Workers should not wear clothing with loose parts that could fall, blow or swing close to the
live conductors. This includes equipotential bonding leads of conductive suits.

A.7 Environmental factors

Certain environmental conditions are generally taken into account by prohibiting work at the
minimum approach distance under those conditions. For instance, work is normally not
permitted during nearby thunderstorms, or when there is a continuous film of water on the
surface of insulating tools.

Adverse conditions may also be created by other environmental conditions, either directly, or
by diverting attention away from the authorized work procedures. Strong winds move
conductors, supports or equipment (e.g. aerial devices) dangerously. Dust storms are an eye
hazard. Ice on structures will make footing insecure. Woodpecker holes present a climbing
hazard. Mist or sea spray may pose a hazard to system or tool insulation. Smooth surfaces
may be slippery. Darkness or glare may impair vision. Consideration should also be given to
the effect of high temperature and humidity to worker fatigue. These are some of the
environmental influences on work close to live conductors, some of which will need to be
taken into account when establishing minimum approach distances.

A.8 Monitoring

To warn workers of dangerous situations arising during the work, it can be sometimes
beneficial to require continuous monitoring by an observer. Failing that, the workers should be
encouraged to describe aloud to one another each step in the work procedure before taking it.
The procedure to be followed should also be detailed and discussed between the foreman and
workers before commencing work.
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Annex B
(informative)

Overvoltages

B.1 The different types of overvoltages

The overvoltage values are expressed in p.u., and 1 p.u. is equal to Ug V2143 (see 2.1.10).

According to IEC 60071-1, voltages and overvoltages are divided in the classes shown in

Table B.1.
Table B.1 — Classification of overvoltages according to IEC 60071-1
Low frequency Transient
Class
Continuous Temporary Slow-front Fast-front Very-fast-front
1/f T
Voltage or 1 [
over- N ;\ /\ A y
voltage
shapes Tt
- > < Tt » 1/f1
T; <100 ns
Range of _ 10 Hz<f< 0,3 MHz < f; <
voltage or f= 658 HHz or 500 Hz 20ps < Ty < 0,1us< Ty < 100 MHz1
over- z 5000 us 20 ps
voltage 0,028 < Ty < 30 kHz < f, <
shapes T; 23 600s 3600 st T, <20 ms T, <300 ps 300 kHz
1/f it |
Standard T R
voltage Ti Ti P »Lﬂ
shapes T2 T2 .-
f=150Hz 48 Hz < f< _ _
or 60 Hz 62 Hz Tp =250 ps Ty =12ps
T, T,=60s T, =2500 ps T, =50 us
Standard Short-duration T ) N
withstand a power Switching impulse Lightning impulse a
test test
voltage test frequency test
2 To be specified by the relevant apparatus committees.

For live working applications, the overvoltages of major concern, in the voltage range of
interest, are the slow front overvoltages due to switching operations. Fast front transients,
such as lightning overvoltages, are not generally of importance, since live work is not
normally performed under conditions of inclement weather. Lightning may cause flashover at
the strike location. Otherwise the resulting overvoltage is attenuated such that the impulse
level will not result in a flashover at the work location, that is, at distances over 10 km.
Permanent and temporary low frequency overvoltages are usually also not of concern, since
they are not critical for the air gaps which are required to withstand switching oven@&uments

during live work.
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In unusual circumstances, significant low frequency overvoltages may arise due to ferro-
resonance of network elements in unstable configurations. This hazard should be addressed
by procedures which ensure that the phenomenon is avoided.

B.2 Transient slow-front overvoltages

Slow-front overvoltage amplitudes depend on many parameters such as the characteristics of
the system, the point of the system, the type of event considered. Moreover, even at the same
point and for the same family of events, the overvoltages have a statistical nature. So slow-
front overvoltage amplitudes are evaluated on the basis of a statistical approach: reference is
usually made to the overvoltage having the probability of 2 % to be reached or exceeded (Ugs
for phase to earth and Up2 for phase to phase) and to the standard deviation of the statistical
distribution, assumed as gaussian, o.

The most common overvoltage families are examined in the following.

B.2.1 Origin and typical values
B.2.1.1 Phase to earth overvoltages

Closing and reclosing overvoltages are among the most frequent type of overvoltages.

The amplitudes of the phase to earth overvoltages depend on many parameters: feeding
network (short circuit power, zero to positive sequence impedance ratio, configuration, actual
voltage level on the feeding), switched line (length, electrical characteristics, level of residual
voltage left by previous energization), line shunt compensation, energized parallel lines,
circuit breakers (pole span, prestrike, phase angle at the instant of switching, closing
resistors), point along the switched line (the voltage distribution along the line is rising from
the substation to the opposite end).

Figure B.1 summarizes the maximum amplitude ranges of phase to earth overvoltages at line
energization depending on the various conditions considered. The range of u,, is quite large
ranging from about 1,2 to about 2,8 for closing operations and from about 1,5 to about 3,8 for
reclosing operations.

Other means to reduce overvoltages, not considered in Figure B.1, are surge arresters, co-
ordinating gaps or synchronized switching.
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