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Abstract: Power-line carrier (PLC) line-tuning equipment connected between the coupling 
capacitors and PLC transmitter/receiver terminals operating in the frequency range of 30 kHz to 
500 kHz over power transmission lines and cables or to similar line-tuning equipment in a carrier 
bypass are addressed in this standard. PLC line-tuning equipment includes assemblies and 
components: tuning inductor, impedance matching transformer, balancing transformer, tuning 
capacitor, inductance-capacitance (LC) tuning unit, hybrid, filter, protective unit, interconnecting 
cables, and enclosure. This standard includes the protective devices that facilitate the safe 
operation and maintenance of the line-tuning components under normal and usual operating 
conditions. This standard will develop technical definitions, performance ratings, testing methods, 
and manufacturing requirements for the included line-tuning equipment. 
Keywords: hybrid, IEEE C93.4™, line tuners, PLC, power-line carrier, protective device 
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Notice and Disclaimer of Liability Concerning the Use of IEEE Documents: IEEE Standards documents are developed 
within the IEEE Societies and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA) 
Standards Board. 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 IEEE administers the process 
and establishes rules to promote fairness in the consensus development process, IEEE does not independently evaluate, test, or 
verify the accuracy of any of the information or the soundness of any judgments contained in its standards. 

Use of an IEEE Standard is wholly voluntary. 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 any IEEE Standard document. 

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, 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 in its standards 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 ten years. When a document is 
more than ten years old and has not undergone a revision process, 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 its standards available, IEEE is not suggesting or rendering professional or other services for, or on 
behalf of, any person or entity. Nor is IEEE undertaking to perform any duty owed by any other person or entity to another. 
Any person utilizing any IEEE Standards document, should rely upon his or her own independent judgment in the exercise of 
reasonable care in any given circumstances or, as appropriate, seek the advice of a competent professional in determining the 
appropriateness of a given IEEE standard. 

Translations: The IEEE consensus development process involves the review of documents in English only. In the event that 
an IEEE standard is translated, only the English version published by IEEE should be considered the approved IEEE standard. 
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be, nor be relied upon as, a formal position of IEEE. 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 of IEEE.  

Comments on Standards: Comments for revision of IEEE Standards documents are welcome from any interested party, 
regardless of membership affiliation with IEEE. However, IEEE does not provide consulting information or advice pertaining 
to IEEE Standards documents. Suggestions for changes in documents should be in the form of a proposed change of text, 
together with appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is 
important to ensure that any responses to comments and questions also receive 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 comments or questions except in those cases where the matter has previously been addressed. Any person who 
would like to participate in evaluating comments or revisions to an IEEE standard is welcome to join the relevant IEEE 
working group at http://standards.ieee.org/develop/wg/.  

Comments on standards should be submitted to the following address: 

Secretary, IEEE-SA Standards Board 
445 Hoes Lane 
Piscataway, NJ 08854 
USA 
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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.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata 
periodically. 

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.ieee.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. 

 
Copyright © 2013 IEEE. All rights reserved. 

iv

Authorized licensed use limited to: Tsinghua University. Downloaded on February 27,2026 at 01:24:59 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C93.4-2012

http://standards.ieee.org/index.html
http://standards.ieee.org/index.html
http://standards.ieee.org/findstds/errata/index.html
http://standards.ieee.org/about/sasb/patcom/patents.html
http://www.avadocuments.com/doc/ieee-c93-4-2012
http://www.avadocuments.com/doc/ieee-c93-4-2012


 

 
Copyright © 2013 IEEE. All rights reserved. 

v

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. 

 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 27,2026 at 01:24:59 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C93.4-2012

http://www.avadocuments.com/doc/ieee-c93-4-2012
http://www.avadocuments.com/doc/ieee-c93-4-2012


 

Participants 

At the time this IEEE standard was completed, the Power-Line Carrier Line-Tuning Equipment Working 
Group had the following membership: 

Roger Ray, Chair 
Miriam Sanders, Vice Chair 

Ray Fella 
Jerry Finley 
Bob Ince 
 

Jon Kellner 
John Miller 
Slobodan Misur 
 

Bruce Pickett 
Zoltan Roman 
J. Mark Simon 

 

The following members of the individual balloting committee voted on this standard. Balloters may have 
voted for approval, disapproval, or abstention. 

G. Bartok 
Oscar Bolado 
Robert Bratton 
Gustavo Brunello 
Mark Bushnell 
William Byrd 
Gary Donner 
Randall Dotson 
Gary Engmann 
Dan Evans 
Kenneth Fodero 
Jalal Gohari 
Stephen Grier 
Randall C. Groves 
Edward Hare 
Roger Hedding 
Jerry Hohn 
James Kinney 

Jim Kulchisky 
Chung-Yiu Lam 
Greg Luri 
Michael McDonald 
John Miller 
Adi Mulawarman 
Jerry Murphy 
R. Murphy 
Bradley Nelson 
Michael S. Newman 
Gary Nissen 
Gearoid O'hEidhin
Robert Pettigrew 
Bruce Pickett 
Percy Pool 
Roger Ray 
Michael Roberts 
Charles Rogers 

Zoltan Roman 
Miriam Sanders 
Bartien Sayogo 
Gil Shultz 
J. Mark Simon 
Veselin Skendzic 
Jerry Smith 
Gary Stoedter 
Charles Sufana 
Richard Taylor 
Demetrios Tziouvaras 
Joe Uchiyama 
Eric Udren 
John Vergis 
John Wang 
Kenneth White 
Ray Young 
Jian Yu 

 

 

 
Copyright © 2013 IEEE. All rights reserved. 

vi

Authorized licensed use limited to: Tsinghua University. Downloaded on February 27,2026 at 01:24:59 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C93.4-2012

http://www.avadocuments.com/doc/ieee-c93-4-2012
http://www.avadocuments.com/doc/ieee-c93-4-2012


 

 

When the IEEE-SA Standards Board approved this standard on 5 December 2012, it had the following 
membership: 

Richard H. Hulett, Chair 
John Kulick, Vice Chair 

Robert M. Grow, Past Chair 
Konstantinos Karachalios, Secretary 

Satish Aggarwal 
Masayuki Ariyoshi 
Peter Balma 
William Bartley 
Ted Burse 
Clint Chaplin 
Wael Diab 
Jean-Philippe Faure 

Alexander Gelman 
Paul Houzé 
Jim Hughes 
Young Kyun Kim 
Joseph L. Koepfinger* 
David J. Law 
Thomas Lee 
Hung Ling 

Oleg Logvinov 
Ted Olsen 
Gary Robinson 
Jon Walter Rosdahl 
Mike Seavy 
Yatin Trivedi 
Phil Winston 
Yu Yuan 

*Member Emeritus 
 

Also included are the following nonvoting IEEE-SA Standards Board liaisons: 

Richard DeBlasio, DOE Representative 
Michael Janezic, NIST Representative 

 
 

Don Messina 
IEEE Standards Program Manager, Document Development 

 
 

Erin Spiewak 
IEEE Standards Program Manager, Technical Program Development 

 

 
Copyright © 2013 IEEE. All rights reserved. 

vii

Authorized licensed use limited to: Tsinghua University. Downloaded on February 27,2026 at 01:24:59 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C93.4-2012

http://www.avadocuments.com/doc/ieee-c93-4-2012
http://www.avadocuments.com/doc/ieee-c93-4-2012


 

Introduction 

This introduction is not part of IEEE Std C93.4-2012, IEEE Standard for Power-Line Carrier Line-Tuning Equipment 
(30 kHz to 500 kHz) Associated with Power Transmission Lines. 

This standard was last published in 1984. It was approved on August 7, 1984, by the American National 
Standards Institute, Inc. (ANSI) and published by them. At that time the Secretariat was the National 
Electrical Manufacturers Association (NEMA). The copyrights for all the ANSI C93 standards were 
transferred to the IEEE on January 20, 2004. The C93™ standards consist of the following four standards: 

ANSI/NEMA C93.1-1999, American National Standard Requirements for Power-Line Carrier Coupling 
Capacitors and Coupling Capacitor Voltage Transformers (CCVT). 

ANSI/NEMA C93.3-1995, American National Standard Requirements for Power-Line Carrier Line Traps. 

ANSI C93.4-1984, American National Standard for Power-Line Carrier Line-Tuning Equipment (30 kHz 
to 500 kHz) Associated With Power Transmission Lines (now this standard, IEEE Std C93.4-2012). 

ANSI/NEMA C93.5-1997, American National Standard Requirements for Single Function Power-Line 
Carrier Transmitter/Receiver Equipment 

IEEE placed the responsibility for maintaining these standards with the Power System Communications 
Committee (PSCC). In turn the PSCC assigned the responsibility to the Power Line Carrier (PLC) 
Subcommittee.  

This standard has been almost completely rewritten from the version last published in 1984. As well as 
rewriting the requirements for PLC line-tuning equipment, the requirements for auxiliary equipment, such 
as hybrids and filters, for combining multiple transmitters and receivers so that they can communicate over 
one coaxial cable, have been added. 

 

 

This standard is dedicated to Mr. Edo Derencinovic, posthumously, as he was an expert in the field of 
power-line carrier and contributed significantly to the information in this document. 
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IEEE Standard for Power-Line Carrier 
Line-Tuning Equipment (30 kHz to  
500 kHz) Associated with Power 
Transmission Lines 

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 Scope 

This standard applies to power-line carrier (PLC) line-tuning equipment connected between the coupling 
capacitors and PLC transmitter/receiver terminals operating in the frequency range of 30 kHz to 500 kHz 
over power transmission lines and cables or to similar line-tuning equipment in a carrier bypass. PLC line-
tuning equipment includes assemblies and components: tuning inductor, impedance matching transformer, 
balancing transformer, tuning capacitor, inductance-capacitance (LC) tuning unit, hybrid, filter, protective 
unit, interconnecting cables, and enclosure. This standard includes the protective devices that facilitate the 
safe operation and maintenance of the line-tuning components under normal and usual operating 
conditions. This standard will develop technical definitions, performance ratings, testing methods, and 
manufacturing requirements for the included line-tuning equipment. 
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1.2 Purpose 

This standard is vital to the application of PLC systems (30 kHz to 500 kHz) on all transmission lines. PLC 
systems are used for protection systems and other communications. The line tuner is the part of the system 
that allows the carrier signal to reach the power line with the minimum of loss. Requirements will be 
established so that the types of tuners and their interaction with the power system are known and 
performance can be predicted. 

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. 

ANSI/NEMA C93.1, American National Standard Requirements for Power-Line Carrier Coupling 
Capacitors and Coupling Capacitor Voltage Transformers (CCVT) Requirements.1, 2 

ANSI/NEMA C93.3, American National Standard Requirements for Power-Line Carrier Line Traps.  

ANSI/NEMA C93.5, American National Standard Requirements for Single Function Power-Line Carrier 
Transmitter/Receiver Equipment.  

IEEE Std 4™, IEEE Standard for Techniques for High Voltage Testing.3, 4  

IEEE Std 1313.1™, IEEE Standard for Insulation Coordination—Definitions, Principles, and Rules. 

IEEE Std C37.98™, IEEE Standard for Seismic Testing of Relays. 

NEMA 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 

3. Definitions 

For the purposes of this document, the following terms and definitions apply. The IEEE Standards 
Dictionary Online [B1] and ANSI/NEMA C93.1, ANSI/NEMA C93.3, and ANSI/NEMA C93.5 should be 
consulted for terms not defined in this clause.5, 6, 7 

balancing transformer: A transformer that divides the carrier-frequency power from one source equally 
into two out-of-phase outputs. Syn: balanced resistive hybrid. See also: impedance matching 
transformer (IMT). 

                                                 
1 ANSI publications are available from the American National Standards Institute (http://www.ansi.org/). 
2 NEMA publications are available from Global Engineering Documents (http://global.ihs.com/). 
3 IEEE publications are available from The Institute of Electrical and Electronics Engineers (http://standards.ieee.org/). 
4 The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.  
5IEEE Standards Dictionary Online subscription is available at: 
http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html. 
6 Information on references can be found in Clause 2.  
7 The numbers in brackets correspond to those of the bibliography in Annex F. 
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band-pass filter: Type of filter that may be tuned to pass a group of contiguous frequencies. See Figure 1. 
See also: high-pass/low-pass filter. 

 

Figure 1 —Band-pass separation filter 

band-pass line tuner: A line tuner that, together with its associated coupling capacitor, forms an adjustable 
or fixed band-pass filter in the carrier-frequency range. See also: high-pass line tuner; single-frequency 
line tuner; two-frequency line tuner. 

bandwidth: The frequency range within which the insertion loss and return loss requirements are achieved.  

basic impulse insulation level (BIL): The electrical strength of insulation expressed in terms of the crest 
value of a standard lightning impulse, which has a front time of 1.2 μs and a time-to-half value of 50 μs. 
The tolerance range is 1.2 μs to 5.0 μs for the front time and 40 μs to 60 μs for the time-to-half value. 

blocking capacitor: A capacitor connected in series between the line terminal and the impedance matching 
transformer in the line tuner. This reduces the power-frequency current flowing through the impedance 
matching transformer to prevent saturation while presenting a low impedance to the carrier-frequency 
current. See also: compensating capacitor. 

carrier bypasses: A combination of line-tuning equipment and associated coupling capacitors that 
provides a path for bypassing carrier-frequency energy around discontinuities, such as power transformers, 
open circuit breakers, or disconnect switches, and power lines of different voltages and at the 
interconnection of overhead/cable circuits. There are two types of carrier bypasses: long—A bypass using a 
line tuner with each coupling capacitor and with coaxial cable interconnecting the tuners; short—A bypass 
using tuning elements and carrier lead-in cable between the coupling capacitors.  

carrier lead-in cable: An insulated unshielded conductor for the high impedance interconnection between 
the coupling capacitor and line tuner. See also: coaxial cable; triaxial cable. 

coaxial cable: A single conductor with coaxial shield for the low-impedance interconnection between a 
line tuner and the transmitter/receiver or between line tuners for a carrier bypass. See also: carrier lead-in 
cable; triaxial cable. 

coaxial-cable-side impedance: The impedance that the line tuner is designed to match on the coaxial-
cable-side. See also: line-side impedance. 

coaxial-cable line-tuner terminal: The terminal of the line tuner to be connected to the coaxial cable. See 
also: ground line-tuner terminal; line-tuner terminal. 

combiner: Multiple hybrids connected to combine, isolate, and provide redundancy paths for coupling 
power-line carrier (PLC) signals to more than one phase or to more than one circuit. 

compensating capacitor: A capacitor connected in series between the line terminal and the tuning inductor 
unit in the line tuner. This reduces the effective capacitance of the coupling circuit to facilitate tuning at 
higher frequencies. (Use of this type of capacitor is optional.) See also: blocking capacitor. 
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coupling methods: See: intercircuit coupling; phase-to-ground coupling; phase-to-phase coupling; 
three-phase coupling.  

drain coil: An inductor in the protective unit connected between the line terminal and the ground terminal 
of a line tuner, presenting a low impedance to the flow of power-frequency current and a high impedance to 
the flow of carrier-frequency current. See also: grounding switch; surge protection device. 

filters (separation): Filters used to group and isolate multiple power-line carrier transmitters and/or 
receivers at the coaxial input terminal. See also: band-pass filter; high-pass/low-pass filter. 

frequencies: See: high-pass/low-pass cutoff frequency; geometric mean frequency (GMF); resonant 
frequency. 

geometric mean frequency (GMF): For a band-pass line tuner, the geometric mean of the bandwidth limit 
frequencies. This geometric means is the square root of the products of the bandwidth limit frequencies. 
See: high-pass/low-pass cutoff frequency; resonant frequency. 

ground line-tuner terminal: The terminal of the line tuner to be connected to ground. See also: coaxial-
cable line-tuner terminal; line-tuner terminal. 

grounding switch: A switch in the protective unit connected between the line terminal and the ground 
terminal of a line tuner. See also: drain coil; surge protection device. 

high-pass/low-pass cutoff frequency: That frequency at which the power output is attenuated 3 dB from 
the input power. See: geometric mean frequency (GMF); resonant frequency. 

high-pass/low-pass filter: Three port separation filter having a high-pass group of power-line carrier 
(PLC) signals above the filter cutoff frequency and a low-pass group of signals below the cutoff frequency. 
A typical high-pass/low-pass separation filter is shown in Figure 2. See also: band-pass filter. 

 

Figure 2 —High-pass/low-pass separation filters 

high-pass line tuner: A line tuner that, together with its associated coupling capacitor, forms an adjustable 
or fixed high-pass filter in the carrier-frequency range. See also: band-pass line tuner; single-frequency 
line tuner; two-frequency line tuner. 

hybrids: An auxiliary tuning device, often located in transmitter/receiver enclosures, that provides a high 
degree of electrical isolation between two ports (ports 1 and 2), while providing a fixed loss between each 
of these ports and a third port (port 3) when the termination of port 3 is twice the impedance of the 
balancing network. Hybrids provide isolation between transmitters when frequencies are close together and 
between transmitters and receivers where the impedance of port 3 equals the impedance of the balancing 
network. See Figure 3. See also: reactive hybrid; resistive hybrid; skewed hybrid. 
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Figure 3 —Hybrid 

impedance matching transformer (IMT): A transformer that provides fixed or selectable impedance 
ratios for matching the impedance magnitude of the power line to that of the coaxial cable at power-line-
carrier frequencies. See also: balancing transformer. 

impedances (nominal): See: coaxial-cable-side impedance; line-side impedance. 

intercircuit coupling: Coupling to two power lines between one or more phase conductors of one line and 
one or more phase conductors of the other line. See also: phase-to-ground coupling; phase-to-phase 
coupling; three-phase coupling. 

line-side impedance: The characteristic surge impedance of the transmission line that the line tuner, 
together with the associated coupling capacitor(s), is designed to match on the line side. See also: coaxial-
cable-side impedance. 

line tuners: An arrangement of elements that, together with one or more associated coupling capacitors, 
provides bidirectional transmission of carrier-frequency energy between the power line and the coaxial-
cable terminal of the line tuner. It also provides a degree of protection both for personnel and for other 
power-line carrier (PLC) terminal equipment against the effects of power-frequency voltages and transient 
overvoltages. See also: band-pass line tuner; high-pass line tuner; single-frequency line tuner; two-
frequency line tuner.  
NOTE—See Figure A.1 through Figure A.4 for examples of typical line tuners.8 

line-tuner terminal: The terminal of the line tuner to be connected to the carrier lead-in cable. See also: 
coaxial-cable line-tuner terminal; ground line-tuner terminal. 

losses: See: insertion loss; return loss; trans-hybrid loss. 

insertion loss: The carrier-frequency power loss caused by the combination of the line tuner and associated 
coupling capacitor(s) terminated by the nominal line-side and coaxial-cable-side impedances. See also: 
return loss; trans-hybrid loss. 

parallel LC tuning unit: An adjustable or fixed inductor and capacitor combination, with a selectable 
inductance-to-capacitance ratio forming a parallel resonant circuit. See also: series LC tuning unit. 

phase-to-ground coupling: Coupling to a power line between one phase conductor of the line and ground. 
See also: intercircuit coupling; phase-to-phase coupling; three-phase coupling. 

phase-to-phase coupling: Coupling to a power line between two phase conductors of the line. See also: 
intercircuit coupling; phase-to-ground coupling; three-phase coupling. 

                                                 
8 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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protective devices: See: drain coil; grounding switch; surge protection device.  

protective unit: A system of components that limit the voltage on the line terminal of the line tuner.  

ranges: See: tuning range; working range. 

rated power capability: The average carrier-frequency power that a line tuner or coupling element will 
carry continuously without damage. 

reactive hybrid: A hybrid with reactance and resistance in the balancing network. See also: resistive 
hybrid; skewed hybrid. 

resistive hybrid: A hybrid with only resistance in the balancing network. See also: reactive hybrid; 
skewed hybrid. 

resonant frequency: The frequency or frequencies to which the line tuner and its associated capacitor are 
tuned. See also: high-pass/low-pass cutoff frequency; geometric mean frequency (GMF). 

return loss: A measure of the dissimilarity between two impedances, being equal to the number of decibels 
that corresponds to the scalar value of the reciprocal of the reflection coefficient, and expressed by the 
following formula:  

21
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where 

RL  = return loss in decibels (dB)  
Z1, Z2  = the two impedances  
PF = forward power 
PR = reverse power 

See also: insertion loss; trans-hybrid loss. 

series LC tuning unit: An adjustable or fixed inductor and capacitor combination, with a selectable 
inductance-to-capacitance ratio forming a series resonant circuit. See also: parallel LC tuning unit. 

single-frequency line tuner: An adjustable line tuner that is tuned to series resonance with its associated 
coupling capacitor at one selected carrier frequency. See also: band-pass line tuner; high-pass line tuner; 
two-frequency line tuner. 

skewed hybrid: A hybrid in which the electrical balance altered to give a lower loss than a conventional 
hybrid in one path (between ports 1 and 3) at the expense of a higher loss in the other path (between ports 2 
and 3). See also: reactive hybrid; resistive hybrid. 

surge protection device: Spaced electrodes (adjustable or fixed), metal oxide varistor (MOV), or gas 
discharge tube in the protective unit connected between the line terminal and the ground terminal of a line 
tuner for limiting the voltage impressed between those terminals. See also: drain coil; grounding switch. 

three-phase coupling: Coupling to all three phase conductors of a power line. See also: intercircuit 
coupling; phase-to-ground coupling; phase-to-phase coupling. 

transformers: See: balancing transformer; impedance matching transformer (IMT).  
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trans-hybrid loss: A measure of attenuation between Port 1 and Port 2 of a hybrid at any single frequency. 
See also: insertion loss; return loss. 

triaxial cable: A type of coaxial cable that has two separate coaxial shields. See also: carrier lead-in 
cable; coaxial cable. 

tuning inductor unit: An adjustable inductor for use in the line tuner for canceling the reactance of the 
coupling capacitor. 

tuning range: The portion of the carrier-frequency band through which the geometric mean frequency 
(GMF) or resonant frequency may be adjusted so that the return and insertion loss meets specification. See 
also: working range. 

tuning unit: See: parallel LC tuning unit; series LC tuning unit.  

two-frequency line tuner: An adjustable line tuner that is tuned to series resonance with its associated 
coupling capacitor at two selected carrier frequencies. See also: band-pass line tuner; high-pass line 
tuner; single-frequency line tuner.   

working range: The range of carrier frequencies within which the bandwidth of a coupling element can be 
set. See also: tuning range. 

4. Service conditions  

4.1 Usual conditions  

4.1.1 Outdoor service 

a) Ambient temperature range: –40 °C to 45 °C. With regard to the temperature range, see Table 1.  

b) Relative humidity: Non-condensing 95% at 40 °C for a period not to exceed 96 h. 

c) Maximum altitude: 1000 m (3300 ft) above sea level.  

d) Power frequency: dc to 60 Hz.  

e) Atmosphere free of damaging fumes or excessive or abrasive dust, explosive mixtures of dust or 
gases, steam, and salt spray.  

f) Carrier-frequency range: 30 kHz to 500 kHz.  

Table 1 —Outdoor service-ambient temperature limit conditions (°C) 

Continuous maximum  
over 1 h Mean over 24 h Mean over 1 year 

45 40 30 

4.1.2 Indoor service 

a) Ambient temperature range: –20 °C to 55 °C. With regard to the temperature range, see Table 2.  

b) Relative humidity: Non-condensing 95% at 40 °C for a period not to exceed 96 h. 
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c) Maximum altitude: 1000 m (3300 ft) above sea level. 

d) Power frequency: dc to 60 Hz  

e) Atmosphere free of damaging fumes, excessive or abrasive dust, explosive mixtures of dust or 
gases, steam, or salt spray. 

f) Carrier-frequency range: 30 kHz to 500 kHz. 

Table 2 —Indoor service-ambient temperature limit conditions (°C) 

Continuous maximum 
over 4 h 

Mean over 
24 h Mean over 1 year 

55 45 40 

4.2 Unusual conditions 

4.2.1 Altitude 

For line-tuning equipment to be used at altitudes greater than 1000 m (3300 ft), the dielectric strength 
correction factors given in Table 3 shall be applied.  

Table 3 —Dielectric strength correction factors 

Altitude above  
sea level (m) Correction factor 

Less than 1500 1.00 
2000 0.95 
3000 0.84 
4000 0.75 
5000 0.67 
6000 0.59 

4.2.2 Vibration, shock, and seismic conditions  

Vibration and shock functional requirements vary with local conditions and as such should be negotiated 
between the parties concerned. 

Seismic functional performance specifications are considered unusual service conditions and as such 
should be negotiated between the parties concerned. When these requirements are considered, seismic 
testing conditions and techniques are specified in IEEE Std C37.98. 

5. Ratings 

5.1 Ratings that apply to all devices 

Any time voltage is discussed or “V” is used in this standard, it is always RMS voltage unless otherwise 
specified. See Table 4 and Table 5. 
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Table 4 —Ratings for devices 

Devices Line tuner Balanced 
hybrid Skewed hybrid High-pass/ 

low-pass Band pass Auxiliary IMT 

Power-
frequency 
insulation 

5 kV for 1 min 
circuit to 
enclosure and 
winding-to-
winding for the 
IMT 

NA NA NA NA 5 kV for 1 min 
between windings 

BIL 10 kV 3 kV 3 kV 3 kV 3 kV 3 kV 
Input 
impedance 

50, 75, 125 Ω 
unbalanced or  
150 Ω 
balanced 

50, 75, 125 Ω 
unbalanced or  
150 Ω 
balanced 

50, 75, 125 Ω 
unbalanced or  
150 Ω 
balanced 

50, 75, 125 Ω 
unbalanced  

50, 75, 125 Ω 
unbalanced  

50, 75, 125 Ω 
unbalanced or  
150 Ω 
balanced 

Insertion loss ≤ 2 dB over 
tuning range 

≤ 3.5 dB over 
tuning range 

0.1 to 1 dB on TX 
port and 6 to 25 
dB on RX port 

See 5.2.2.3.1. Refer to Table 5 ≤ 0.5 dB over the 
working range 

Return loss >12 dB for both 
terminal and line 
side 

≥ 20 dB ≥ 20 dB ≥ 20 dB in the 
pass band of the 
high- and low-
pass sides 

≥ 20 dB in the 
pass band in an 
unflanked state 

≥ 20 dB for both 
low and high side 
and for all taps 

Rated power Manufacturer to 
state 

Manufacturer to 
state 

Manufacturer to 
state 

Manufacturer to 
state 

Manufacturer to 
state 

Manufacturer to 
state 

Harmonic 
distortion 

< 3 dB above 
harmonic 
distortion of input 
signal at rated 
power 

< 3 dB above 
harmonic 
distortion of input 
signal at rated 
power 

< 3 dB above 
harmonic 
distortion of input 
signal at rated 
power 

< 3 dB above 
harmonic 
distortion of input 
signal at rated 
power 

< 3 dB above 
harmonic 
distortion of input 
signal at rated 
power 

< 3 dB above 
harmonic 
distortion of input 
signal at rated 
power 

R
at

in
gs

 

Inter-
modulation 
distortion 

< 3 dB above 
intermodulation 
distortion of input 
signal at rated 
power 

< 3 dB above 
intermodulation 
distortion of input 
signal at rated 
power 

< 3 dB above 
intermodulation 
distortion of input 
signal at rated 
power 

< 3 dB above 
intermodulation 
distortion of input 
signal at rated 
power 

< 3 dB above 
intermodulation 
distortion of input 
signal at rated 
power 

< 3 dB above 
intermodulation 
distortion of input 
signal at rated 
power 

Table 5 —Band-pass filter characteristics 

Bandwidth  
(kHz) 

Insertion loss @ 
100 kHz (dB) 

Insertion loss @ 
500 kHz (dB) 

Spacing between 
flanked filter 

GMFs  
(kHz) 

4 0.75 2.75 10 
5 0.65 2.5 10 
8 0.40 1.5 24 

16 0.2 1.0 48 

5.2 Ratings and comments specific to device 

5.2.1 Line tuners 

5.2.1.1 Insulation level of line tuner  

5.2.1.1.1 Power frequency 

The insulation level at power frequency is between windings of the impedance matching transformer and 
between circuit to enclosure of the line tuner. 
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