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Abstract: Engineering design procedures for the electrical protection of communication facilities
serving electric supply locations through the use of neutralizing transformers are presented in this
standard.
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Notice to users

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.

Updating of IEEE documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether
a given document is the current edition and whether it has been amended through the issuance of
amendments, corrigenda, or errata, visit the IEEE-SA Website at http://standards.ieee.org/index.html or
contact the IEEE at the address listed previously. For more information about the IEEE Standards
Association or the IEEE standards development process, visit IEEE-SA  Website at
http://standards.ieee.org/index.html.

Errata

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

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.iece.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std 487.4-2013, IEEE Standard for the Electrical Protection of Communication
Facilities Serving Electric Supply Locations Through the Use of Neutralizing Transformers.

Wire-line communication facilities serving electric supply locations often require special high-voltage
protection against the effects of fault-produced ground potential rise (GPR) or induced voltages, or both.
Some of the telecommunication services are used for control and protective relaying purposes and may be
called upon to perform critical operations at times of power system faults. Even when critical services are
not involved, special high-voltage protection may be required for both personnel safety and plant protection
at times of power system faults.

Effective protection of any wire-line telecommunication circuit requires coordinated protection on all
circuits provided over the same telecommunication cable.

This standard presents workable methods for the electrical protection of wire-line communication circuits
serving electric supply locations through the use of neutralizing transformers.

This project is part of a reorganization of IEEE Std 487™ in which the main document is broken down into
a family of related documents (i.e., dot-series) segregated on the basis of technology:

— 487
—  487.1 (Metallic wire-line)
— 487.2 (Optical fiber facilities)
— 487.3 (Hybrid facilities)
—  487.4 (Neutralizing transformers)
— 487.5 (Isolation transformers)
Neutralizing transformers are considered a mature technology. Neutralizing transformers were used

extensively and although there are many still in use today, they are usually no longer provided for new
installations. For newer technologies, refer to IEEE Std 487.1™, IEEE Std 487.2™, and IEEE Std 487.3™,

This standard has been prepared by the Wire Line Subcommittee of the Power System Communications
Committee of the IEEE Power and Energy Society. This standard represents the consensus of both power
and communications engineers.
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IEEE Standard for the Electrical
Protection of Communication Facilities
Serving Electric Supply Locations
Through the Use of Neutralizing
Transformers

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or
environmental protection, or ensure against interference with or from other devices or networks.
Implementers of IEEE Standards documents are responsible for determining and complying with all
appropriate safety, security, environmental, health, and interference protection practices and all
applicable laws and regulations.

This IEEE document is made available for use subject to important notices and legal disclaimers.

These notices and disclaimers appear in all publications containing this document and may
be found under the heading “Important Notice” or “Important Notices and Disclaimers
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at
http://standards.ieee.org/IPR/disclaimers. html.

1. Overview

1.1 Background

Wire-line telecommunication facilities serving electric supply locations often require special high-voltage
protection against the effects of fault-produced ground potential rise (GPR) or induced voltages, or both.
Some of the telecommunication services are used for control and protective relaying purposes and may be
called upon to perform critical operations at times of power system faults. This requirement presents a
major challenge in the design and protection of the telecommunication system because power system faults
can result in the introduction of interfering voltages and currents into the telecommunication circuit at the
very time when the circuit is most urgently required to perform its function. Even when critical services are
not involved, special high-voltage protection may be required for both personnel safety and plant protection
at times of power system faults. Effective protection of any wire-line telecommunication circuit requires
coordinated protection on all circuits provided over the same telecommunication cable.
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IEEE Standard for the Electrical Protection of Communication Facilities
Serving Electric Supply Locations Through the Use of Neutralizing Transformers

1.2 Scope

This standard presents engineering design procedures for the electrical protection of communication
facilities serving electric supply locations through the use of neutralizing transformers. Other
telecommunication alternatives, such as radio and microwave systems, are excluded from this document.

1.3 Purpose

This standard presents workable methods that can be used with greater reliability to improve the electrical
protection of communication facilities serving electric supply locations through the use of neutralizing
transformers.

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments or corrigenda) applies.

IEEE Std 487 -2007, IEEE Recommended Practice for the Protection of Wire-line Communication
Facilities Serving Electric Supply Locations. "2

IEEE Std 789", IEEE Standard Performance Requirements for Communications and Control Cables for
Applications in High-Voltage Environments.

3. Definitions

3.1 Definitions, acronyms, and abbreviations

For the purposes of this document, the following terms and definitions apply. The IEEE Standards
Dictionary Online should be consulted for terms not defined in this clause.’

drainage units or drainage reactors: Center-tapped inductive devices designed to relieve conductor-to-
conductor and conductor-to-ground voltage stress by draining extraneous currents to ground. They are also
designed to serve the purpose of a mutual drainage reactor, forcing near-simultaneous protector-gap
operation.

electric power station: A substation or generating station.
electric supply locations: Any building, separate space, or site in which electric supply equipment is

located that may be subjected to the effects of GPR from power system fault currents. This definition
includes generation, transformation, conversion, switching, and delivery facilities.

! The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.
2 IEEE publications are available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854,
USA (http://standards.ieee.org/).

*IEEE Standards Dictionary Online subscription is available at:

http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html.
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ground potential rise (GPR): The maximum electrical potential that a substation grounding grid may
attain relative to a distant grounding point assumed to be at the potential of remote earth. This voltage,
GPR, is equal to the maximum grid current times the grid resistance.

NOTE—Under normal conditions, the grounded electrical equipment operates at near zero ground potential. That is,
the potential of a grounded neutral conductor is nearly identical to the potential of remote earth. During a ground fault,
the portion of fault current that is conducted by a substation grounding grid into the earth causes the rise of the grid
potential with respect to remote earth.*

high-dielectric cable: Cable that provides high-voltage insulation between conductors, between conductors
and shield, and between shield and earth.

high-voltage disconnect jack: A device used to disconnect cable pairs for testing purposes. Used to help
safeguard personnel from remote ground potentials.

high-voltage environment (HVE): A location requiring caution because it may experience a GPR from
power line fault currents and/or lightning strike energy.

high-voltage interface (HVI): Protective apparatus that provides electrical isolation of wire-line
communications conductive paths.

high-voltage isolating relay: A device that provides for the repeating of dc on/off signals while
maintaining longitudinal isolation. High-voltage isolating relays may be used in conjunction with isolating
transformers or may be used as stand-alone devices for dc tripping or dc telemetering.

neutralizing transformer (NT) or reactor: Device that introduces a voltage into a circuit pair to oppose
an unwanted voltage. This device neutralizes extraneous longitudinal voltages resulting from ground
potential rise, longitudinal induction, or both, while simultaneously allowing ac and dc metallic signals to
pass. This transformer or reactor is used primarily to protect telecommunication or control circuits at
supply locations, along routes where exposure to power line induction is a problem, or both.

3.2 Acronyms and abbreviations

ac alternating current

co central office

dc direct current

GPR ground potential rise
HVE high-voltage environment
HVI high-voltage interface
NT neutralizing transformer
701 zone of influence

4 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement
this standard.
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4. Neutralizing transformer and neutralizing reactors operation

Protection of the telecommunications facility by a neutralizing transformer (NT) or reactor is accomplished
by introducing a voltage of the proper magnitude and polarity into a cable pair to cancel or neutralize

undesirable common-mode voltages arising from electric supply location ground potential rise (GPR),
longitudinal induction, or both.

A neutralizing transformer is a type of transformer that is designed to neutralize the effects of power station
GPR and/or longitudinal induction in the communications plant. Neutralizing transformers are made in two
basic types: the two-winding NT and the three-winding NT.

4.1 Three-winding neutralizing transformer

The three-winding NT is a unit having one primary and two secondary windings. The secondary windings
are connected in series with the telephone pair, and the primary winding is connected to the power
substation ground at one end and to a remote ground at the other end. A basic three-winding NT schematic
is illustrated in Figure 1. A primary or exciting circuit is established between the electric supply location
ground grid and a remote ground point that is outside the zone of influence (ZOI) of the GPR and
induction. During a power fault to ground, the current returning to the power system neutral through R,
the resistance of the electric supply location ground grid with respect to reference ground, will produce an
increase in potential on the electric supply location side of the NT with respect to remote ground. As long
as primary reactance remains high relative to primary winding and external circuit resistance, the majority
of the rise in ground potential will be developed across the primary winding and will be coupled into each
secondary winding with the proper magnitude and polarity to neutralize the common-mode voltage applied
to the telecommunication conductors by the electric supply location GPR.
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NOTE 1—Instantaneous voltage polarities are shown.

NOTE 2—Protection, such as gas tubes or drainage reactors, is usually incorporated into leased telecommunications
facilities to protect cable dielectric from damage due to excessive voltage stress. Such protection is usually eliminated
on power utility-owned cable relaying facilities and is often eliminated on leased telephone facilities.

Figure 1—Three-winding neutralizing transformer
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Equation (1) and Equation (2) can be used for remanent voltage and impedance calculations.

V R.+R R
Vrem :[p(Rp +Rext +Rg): GPR( pZ+ o T g) (1)
PRI
where
Zpgy = \/(Rp + Rgxr + R, )2 +(@Lpg; ) (2)

NOTE—Refer to IEEE Std 487-2007 for detailed information on surge protective devices such as carbon blocks and
gas tubes.

The telecommunication pairs are virtually grounded at the end distant from the electric supply location
either through impedance to ground of connected equipment or through cable capacitance to ground.
Figure 1 shows that the instantaneous voltage polarities across R,, and the NT primary and secondary
windings are in a direction to provide cancellation. Thus, negligible voltage is developed from
telecommunication conductors to ground or across cable-pair protection devices at the electric supply
location.

The NT functions in the same manner to neutralize longitudinally induced voltage. In this case, the
undesirable common-mode voltage arises from coupling with power lines and is distributed along the
telecommunication wire pairs and NT primary circuit conductor(s). Neutralization will occur only if the NT
primary conductors are exposed to the same magnetic induction as the telecommunications conductors.
Thus, the NT primary conductor(s) shall be within the same telecommunications cable or shall follow the
same routing as the telecommunication conductors.

Unlike an isolation transformer, in which the disturbing voltage is applied across the primary-to-secondary
dielectric and no longitudinal (common-mode) current flows through the transformer windings, the NT
primary winding is placed in series with the disturbing voltage. Significant longitudinal current does not
normally flow in the NT secondaries. Therefore, the primary winding may be viewed as a longitudinal
choke or reactor.

Primary exciting current is a function of the applied voltage and the volt-time area accumulated under the
applied voltage waveform. The excitation characteristic of a typical NT is a monotonically increasing
relationship between exciting current and accumulated volt-time area. The characteristic may be varied,
that is, the value of excitation current that results for a given accumulated volt-time area may be changed
by altering the number of turns, the core area, the air gap(s) within the core structure, the grade of core
steel, or a combination of these parameters.

4.2 Two-winding neutralizing reactor

Neutralizing reactors, or two-winding NTs, are similar to three-winding NTs except that the primary or
exciting winding is omitted. The theory of the two-winding neutralizing reactor, as used for neutralizing
electric supply location GPR and/or induction, is depicted in Figure 2. A single-line representation is shown
in Figure 3, where only one conductor is depicted.
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