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Abstract: Tests and measurements that are performed on shielded power cables to identify the
location of a fault are described. Whenever possible, the limitations of a particular test and
measurement to locate a fault are provided and recommendations are made regarding
specialized fault-locating techniques. A fault characterization chart is included as an aid to select
a fault-locating technique.

Keywords: arc reflection, cable fault locating, cable testing, grounding, safety, sectionalizing,
thumping, time domain reflectometry (TDR)

The Institute of Electrical and Electronics Engineers, Inc.
3 Park Avenue, New York, NY 10016-5997, USA

Copyright © 2007 by The Institute of Electrical and Electronics Engineers, Inc.
All rights reserved. Published 16 November 2007. Printed in the United States of America.

IEEE is a registered trademark in the U.S. Patent & Trademark Office, owned by The Institute of Electrical and Electronics
Engineers, Inc.

National Electrical Safety Code and NESC are both registered trademarks and service marks of the Institute of Electrical
and Electronics Engineers, Inc.

Print:  ISBN 0-7381-5631-0 SH95696
PDF: ISBN 0-7381-5632-9 5595696

No part of this publication may be reproduced in any form, in an electronic retrieval system or otherwise, without the prior
written permission of the publisher.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 12:36:13 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1234-2007


http://www.avadocuments.com/doc/ieee-1234-2007
http://www.avadocuments.com/doc/ieee-1234-2007

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of
the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the
Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote
fairness in the consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy
of any of the information contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly
resulting from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a specific
purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards documents
are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase,
market, or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint
expressed at the time a standard is approved and issued is subject to change brought about through developments in the
state of the art and comments received from users of the standard. Every IEEE Standard is subjected to review at least
every five years for revision or reaffirmation. When a document is more than five years old and has not been
reaffirmed, it is reasonable to conclude that its contents, although still of some value, do not wholly reflect the present
state of the art. Users are cautioned to check to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other
person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the
advice of a competent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balance of interests. For this reason,
IEEE and the members of its societies and Standards Coordinating Committees are not able to provide an instant
response to interpretation requests except in those cases where the matter has previously received formal consideration.
At lectures, symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the formal
position, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

USA

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To
arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood
Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for
educational classroom use can also be obtained through the Copyright Clearance Center.
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Introduction

This introduction is not part of IEEE Std 1234-2007, IEEE Guide for Fault-Locating Techniques on
Shielded Power Cable Systems

Many fault-locator personnel are experienced in locating short and open circuits on shielded power cables.
Proper locating of high-resistance or intermittent cable faults, which are the majority of the faults on cables
with extruded dielectric insulation, is considered tedious, inconsistent, and time-consuming. Therefore,
re-closing, re-fusing, burning, and thumping at unnecessarily high voltage and energy levels, in order to
generate an open or short circuit, are frequently used without consideration of cable and equipment
properties. The danger of activating dormant faults, generating new faults, or damaging utility and
customer equipment by improper locating methods is not always recognized.

By establishing cable fault-locating guidelines and training programs that incorporate recommended cable
fault-locating measurements and techniques, cable owners can realize substantial savings in manpower and

cable and equipment replacement, and minimize losses from customer outages.

Some information and figures in Clause 4, Clause 5, Clause 6, and Annex B, Annex C, and Annex D are
copyrighted by Gnerlich, Inc. and used with permission.

Notice to users

Errata

Errata, if any, for this and all other standards can be accessed at the following URL:
http:// standards.ieee.org/reading/ieee/updates/errata/index.html.
Users are encouraged to check this URL for errata periodically.

Interpretations

Current interpretations can be accessed at the following URL:
http://standards.ieee.org/reading/ieee/interp/ index.html.

Patents

Attention is called to the possibility that implementation of this guide may require use of subject matter
covered by patent rights. By publication of this guide, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying
patents or patent applications for which a license may be required to implement an IEEE standard or for
conducting inquiries into the legal validity or scope of those patents that are brought to its attention.
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IEEE Guide for Fault-Locating
Techniques on Shielded
Power Cable Systems

1. Overview

1.1 General

This guide has been developed as a guide for cable fault-locating techniques on shielded power cable
systems. It is intended to emphasize those fault-locating techniques that maintain cable integrity, reduce
customer outage time, and consider customer equipment sensitivity and safety. This guide applies to all
insulated, shielded power cable systems.

1.2 Scope

The introduction of cables with extruded dielectric insulation and of modern splicing technology has
imposed new conditions and restrictions on cable fault locating. The use of excessive high voltages and
energies during ac, dc, and surge testing of service-aged power cable systems with extruded dielectric
insulation may overstress insulation, creating defects that become faults after the cables are returned to
service.

This guide is intended to be applied to medium-voltage distribution cables. Medium-voltage distribution
systems generally operate at system voltages above 1 kV and up to 34.5 kV nominal.

The end user of the cable circuit should evaluate the necessity for verifying the integrity of extruded
dielectric insulated cables, and, if they are in critical service, proceed to perform the high-voltage/energies
testing. If not detected during dielectric tests, defects in dielectric materials may result in cable failures
during the transient voltage surge episodes while in service.

1.3 Purpose

This guide is intended to provide trouble-shooting and testing personnel with information to quickly
identify a faulted cable section and/or locate a cable fault with minimum risk of further damaging
serviceable cables, terminations, and equipment.

2. Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments or corrigenda) applies.
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IEEE Std 1234™-2007
IEEE Guide for Fault-Locating Techniques on Shielded Power Cable Systems

IEEE Std 510™-1983, IEEE Recommended Practices for Safety in High-Voltage and High-Power Testing
(Reaff 1992).'

3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this guide, the following terms and definitions apply. The Authoritative Dictionary of
IEEE Standards, Seventh Edition [B9]*, should be referenced for terms not defined in this clause.

3.1.1 aerial installation type: An assembly of insulated conductors installed on a pole or similar overhead
structure; it may be self-supporting or installed on a supporting messenger cable.

3.1.2 bolted fault: A cable fault having a resistance value of less than 5 Q.

3.1.3 branch circuits: A cable system in which independent cables branch out radially from a common
source of supply. (See also: radial feed)

3.1.4 breakdown: A disruptive discharge through insulation.

3.1.5 cable tray installation type: A structure of ladders, troughs, channels, solid bottom, and other
similar devices through which cables systems may be routed.

3.1.6 characteristic impedance: The driving impedance of the forward-traveling transverse electro-
magnetic wave. In cable fault locating, an incident wave on a cable (time domain reflectometer [TDR],
thumper, etc.) is reflected back to the source positively, negatively, or not at all by discontinuities and
inhomogenities in the cable where impedance values differ from the characteristic cable impedance,
respectively.

3.1.7 concentric neutral shield (metallic shield type): Wires helically applied over the semi-conducting
insulation shield to carry charging, fault, and neutral currents.

3.1.8 conduit installation type: A structure containing one or more ducts.
NOTE—Conduit may be designated as iron pipe conduit, tile conduit, etc.

3.1.9 direct buried installation type: Cable laid in a trench or pre-cast trough and covered with sand,
specially prepared backfill material, and/or excavated material; or, cable plowed directly into the earth or
installed into the earth with guided boring techniques.

3.1.10 direct distribution: A primary feeder or cable that supplies energy directly to a consumer.

3.1.11 drain wires shield (metallic shield type): Wires helically applied over the semi-conducting
insulation shield to carry charging currents only.

3.1.12 extruded dielectrics: Insulation like polyethylene (PE), crosslinked polyethylene (XLPE), tree
retardant crosslinked polyethylene (TR XLPE), ethylene propylene rubber (EPR), etc.

3.1.13 flashover: A disruptive discharge through air around or over the surface of a solid or liquid
insulation, between parts at different potential, produced by the application of voltage wherein the
breakdown path becomes sufficiently ionized to maintain an electric arc.

" IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854,
USA (http://standards.ieee.org/).

2 The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.
* IEEE Std 510-1983 has been withdrawn; however, copies can be obtained from Global Engineering, 15 Inverness Way East,
Englewood, CO 80112-5704, USA, tel. (303) 792-2181 (http://global.ihs.conv).

* The numbers in brackets correspond to those of the bibliography in Annex A.
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