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Abstract: A comprehensive guide to practical line current differential schemes using digital 
communications. Operating principles, synchronization methods, channel requirements, current 
transformer requirements, external time reference requirements, backup considerations, testing 
considerations, and troubleshooting are included. This guide also provides specific guidelines for 
various application aspects including multi-terminal lines, series compensated lines, mutually 
coupled lines, line charging current, in-zone transformers and reactors, single-phase tripping and 
reclosing, as well as communications channel requirements. 
 
Keywords: alpha plane, charge comparison, current differential line protection, current 
differential operating methods, current ration plane, IEEE C37.243™, percentage differential, 
ping-pong methods, time synchronization 
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Important Notices and Disclaimers Concerning IEEE Standards Documents 

IEEE documents are made available for use subject to important notices and legal disclaimers. These 
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the 
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards 
Documents.” 

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards 
Documents 

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are 
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards 
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a 
consensus development process, approved by the American National Standards Institute (“ANSI”), which 
brings together volunteers representing varied viewpoints and interests to achieve the final product. 
Volunteers are not necessarily members of the Institute and participate without compensation from IEEE. 
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. 

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and 
expressly disclaims all warranties (express, implied and statutory) not included in this or any other 
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness 
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness 
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. 
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.” 

Use of an IEEE standard is wholly voluntary. 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.  

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. 

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: 
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; 
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR 
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE 
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE. 

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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Official statements  

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board 
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its 
committees and shall not be considered to be, or 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 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. For the same reason, IEEE does not 
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE 
standard is welcome to join the relevant IEEE working group. 

Comments on standards should be submitted to the following address: 

 Secretary, IEEE-SA Standards Board  
 445 Hoes Lane  
 Piscataway, NJ 08854 USA 

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 

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws. 
They are made available by IEEE and are adopted 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 these documents available for use and 
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the 
documents. 

Photocopies  

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to 
photocopy portions of any individual standard for company or organizational internal use or individual, 
non-commercial use only. To arrange for payment of licensing fees, 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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Updating of IEEE Standards 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.  

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 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://ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For more 
information about the IEEE SA or IEEE’s standards development process, visit the IEEE-SA Website at 
http://standards.ieee.org. 

Errata  

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website 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. 

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 26,2026 at 15:30:18 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C37.243-2015

http://ieeexplore.ieee.org/xpl/standards.jsp
http://standards.ieee.org/
http://standards.ieee.org/findstds/errata/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-c37-243-2015
http://www.avadocuments.com/doc/ieee-c37-243-2015


 

Participants 
At the time this IEEE guide was completed, the D27 Working Group had the following membership: 

Solveig Ward, Chair 
Bruce Mackie, Vice Chair

Philip Beaumont 
Fernando Calero 
Randall Crellin 
Alla Deronja 
Bill Higinbotham 
Robert Ince 
Ilija Jankovic 
Ljubomir Kojovic 
Alex Lee 

Don Lukach 
Aaron Martin 
Roy Moxley 
Nagpal Mukesh 
Craig Palmer 
Vajira Pathirana 
Joe Perez 
David Purpura 
Ryland Revelle 

Sam Sambasivan 
Mark Schroeder 
Mike Stojak 
Ian Tualla 
Demetrios Tziouvaras 
Joe Uchiyama 
Jun Verzosa 
Ilia Voloh 
Don Ware 

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

William Ackerman 
Ali Al Awazi 
Steven Alexanderson 
Jay Anderson 
G. Bartok 
Philip Beaumont 
Martin Best 
Thomas Blair 
Gustavo Brunello 
William Byrd 
Paul Cardinal 
Stephen Conrad 
Luis Coronado 
Randall Crellin 
Randall Cunico 
Alla Deronja 
Gary Donner 
Kenneth Fodero 
Frank Gerleve 
Stephen Grier 
Randall Groves 
 

Roger Hedding 
Jerry Hohn 
C. Huntley 
Robert Ince 
Gerald Johnson 
Innocent Kamwa 
John Kay 
James Kinney 
Gary Kobet 
Boris Kogan 
Ljubomir Kojovic 
Jim Kulchisky 
Chung-Yiu Lam 
Bruce Mackie 
Omar Mazzoni 
Dean Miller 
John Miller 
Daleep Mohla 
Joe Mooney 
Jerry Murphy 
Michael Newman 
Gary Nissen 

James O’Brien 
Lorraine Padden 
Subhash Patel 
Charles Petras 
Michael Roberts 
Charles Rogers 
M. Sachdev 
Miriam Sanders 
Bartien Sayogo 
Mark Simon 
William Taylor 
Michael Thompson 
Demetrios Tziouvaras 
Joe Uchiyama 
John Vergis 
Quintin Verzosa 
Ilia Voloh 
Kenneth White 
Philip Winston 
Ray Young 
Richard Young 

 
When the IEEE-SA Standards Board approved this guide on 11 June 2015, it had the following 
membership: 

John D. Kulick, Chair 
Jon Walter Rosdahl, Vice Chair 
Richard H. Hulett, Past Chair 

Konstantinos Karachalios, Secretary 

Masayuki Ariyoshi 
Ted Burse 
Stephen Dukes 
Jean-Philippe Faure 
J. Travis Griffith 
Gary Hoffman 
Michael Janezic 
 

Joseph L. Koepfinger* 
David J. Law 
Hung Ling 
Andrew Myles 
T. W. Olsen 
Glenn Parsons 
Ronald C. Petersen 
Annette D. Reilly 

Stephen J. Shellhammer 
Adrian P. Stephens 
Yatin Trivedi 
Philip Winston 
Don Wright 
Yu Yuan 
Daidi Zhong 

 
   *Member Emeritus 

 
Copyright © 2015 IEEE. All rights reserved. 

vi 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 15:30:18 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C37.243-2015

http://www.avadocuments.com/doc/ieee-c37-243-2015
http://www.avadocuments.com/doc/ieee-c37-243-2015


 

Introduction 

This introduction is not part of IEEE Std C37.243™-2015, IEEE Guide for Application of Digital Line Current 
Differential Relays Using Digital Communication. 

This guide is intended to assist protection engineers and technologists in effectively applying digital current 
differential relays using digital communications channels and protection systems to protect transmission 
lines. 
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IEEE Guide for Application of Digital 
Line Current Differential Relays Using 
Digital Communication 

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, 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 guide presents practical line current differential schemes using digital communications. Operating 
principles, synchronization methods, channel requirements, current transformer (CT) requirements, external 
time reference requirements, backup considerations, testing considerations, and troubleshooting are 
included. It also provides specific guidelines for various application aspects including multi-terminal lines, 
series compensated lines, mutually coupled lines, line charging current, in-zone transformers and reactors, 
single-phase tripping and reclosing, as well as communications channel requirements. 

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. 
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IEEE Std C37.243-2015 
IEEE Guide for Application of Digital Line Current Differential Relays Using Digital Communication 

IEEE Std C37.94™-2002, IEEE Standard for N Times 64 Kilobit Per Second Optical Fiber Interfaces 
Between Teleprotection and Multiplexer Equipment. 1,2 

IEEE Std C37.233™-2009, IEEE Guide for Power System Protection Testing. 

IEEE Std C37.238™-2011, IEEE Standard Profile for Use of IEEE 1588 Precision Time Protocol in Power 
System Applications.  

Special report prepared by WG H9 (Power System Relaying Committee, Relaying Communications 
Subcommittee), “Communications Technology for Protection Systems,” Jan. 14, 2013. 

van C. Warrington, A. R., Protective Relays: Their Theory and Practice, vol. 1, London, Chapman and 
Hall, 1962. 

3. Definitions, special terms, acronyms, and abbreviations 

3.1 Definitions 

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.3 

current ratio plane: A geometrical representation in the complex plane of the ratio of the two phase or 
sequence current phasors measured at all terminals of the transmission line. 

ping-pong method: A method when relays are exchanging timestamps over communication channel in 
order to calculate channel delay and align current measurement values from all terminals of the 
transmission line. 

3.2 Special terms 

line current differential scheme: A protection scheme designed to detect faults by measuring the 
differences between the currents at the terminals of a transmission line. Data from the relay at the remote 
terminal(s) is provided to the local relay by using a communications channel between the terminals. This 
data is used by the local relay to reconstruct the phasor of the currents measured by remote relay(s). 
Phasors of currents measured by the local relay and remote relay(s) are executed by the differential 
algorithm to determine if a fault internal to the line exists. 

3.3 Acronyms and abbreviations 

A/D analog-to-digital 

ADSS all-dielectric self-supporting fiber cable 

1 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/). 
3IEEE Standards Dictionary Online subscription is available at: 
http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html. 
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BER bit error ratio 

CCVT coupling capacitor voltage transformer 

CRC cyclic redundancy check 

DCE data communication equipment 

DTE data terminal equipment 

E1 2.048 Mbps digital circuit 

GIS gas-insulated switchgear 

GOOSE generic object-oriented substation event 

GPS global positioning system 

I /O input/output 

IED intelligent electronic device 

IRIG-B inter-range instrumentation group time code format B 

ISP inside plant 

IT information technology 

ITPC logical node teleprotection communications interfaces in IEC 61850 

LAN local area network 

LED light-emitting diode 

LN logical node 

MPLS multi-protocol label switched networks 

MOV metal oxide varistor 

MOCT magneto-optic current transformer 

MU merging unit  

MUX (or Mux) multiplexer 

NERC North American Electric Reliability Corporation 

OPGW optical ground wire (or optical power ground wire) 

OSP outside plant 

OTDR optical time-domain reflectometer 

PDIF logical node differential protection in IEC 61850 

 
Copyright © 2015 IEEE. All rights reserved. 

3 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 15:30:18 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C37.243-2015

http://www.avadocuments.com/doc/ieee-c37-243-2015
http://www.avadocuments.com/doc/ieee-c37-243-2015


IEEE Std C37.243-2015 
IEEE Guide for Application of Digital Line Current Differential Relays Using Digital Communication 

PPS (or pps) pulse per second 

PTRC logical node tripping logic in IEC 61850 

RMXU logical node differential measurements in IEC 61850 

RX receiver or (receive) 

RXID  receive identifier 

SDH synchronous digital hierarchy 

SONET synchronous optical network 

SV sampled values 

T1 1.544 Mbps digital circuit 

TCTR logical node current transformer in IEC 61850 

TDM time division multiplexing 

Telco telephone company 

TVTR logical node voltage transformer in IEC 61850 

TX transmitter (or transmit) 

TXID transmit identifier 

XCBR logical node circuit breaker in IEC 61850 

4. Current differential line protection applications 

4.1 General 

The most common pilot line protection today is directional comparison by use of distance relays. However, 
the increased availability of digital communications channels has renewed the interest in current differential 
line relaying. 

4.2 Current differential versus other forms of line protection relaying 

In comparison of line current differential protection schemes to other forms of protection, there are 
advantages and disadvantages. Primarily the selectivity of the system has significant advantages as 
compared to inherently overreaching schemes such as overcurrent and distance relaying. Differential 
protection reacts to faults in a specific zone on the power system and when properly set and applied does 
not react for faults outside of that zone. This advantage does present a shortcoming of the protective 
scheme itself in that while confined to a specific zone, it offers no backup protection for faults outside of its 
zone of protection. Although this is a shortcoming of the line current differential scheme itself, 
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microprocessor-based line current differential relays often have forms of backup protection that can be 
enabled. 

A disadvantage of the current differential scheme is the cost associated with the requirement for 
communications between the relays on all terminals of the protected line. The communications medium is 
typically dedicated fiber or T1(E1)/SONET(SDH) digital communications networks links; however, other 
options ranging from twisted wire pairs to Ethernet networks are applied or available. The requirement for 
communications between the relays at all terminals of the protected line gives rise to issues in dealing with 
how to handle loss of communications during service. Also, since the scheme is sensitive to differences in 
current entering and leaving the protected line, any tapped load must be measured; otherwise it must be 
compensated for when setting the sensitivity of the fault detection elements. Another disadvantage of the 
current differential scheme is that if the protected line is sectionalized (i.e., open switch on the line creating 
two line sections), the scheme must be disabled or must be able to recognize that a stub bus condition exists 
in order to prevent tripping of the non-faulted line section. 

Aside from the general comparisons to other schemes above, the subclauses below detail some specific 
advantages and disadvantages of the current differential scheme versus other common forms of line 
protection.  

4.2.1 Line current differential compared to step distance protection 

Without pilot communications, simple distance relaying cannot provide instantaneous clearing of all line 
faults without risk of misoperation due to overreach. Settings for step distance protection must make an 
allowance for errors in line impedance calculations, system modeling assumptions, and instrument 
transformer tolerances. The instantaneous tripping elements must be set to operate for a portion of the line 
that is less than 100%. Time delayed tripping is provided for the remainder of the line sections. In 
comparison, line current differential protection provides instantaneous tripping for 100% of the line length 
and should not operate for out of zone faults.  

Step distance protection is also susceptible to unwanted operation during high load conditions and must be 
studied for the security of the scheme during power swings. High load flows through the protected line are 
not a concern when current differential schemes are applied as the current summations for through current 
result in zero net difference into and out of the line.  

For lines with long tapped load elements, the reach of step distance zones on the line may be affected by 
the need to protect the tapped portion of the line. This is due to the effects of infeed for faults on the tapped 
portions of the line. Also, on lines with three or more terminals, infeed could make coordination of step 
distance very difficult depending on the strength of the various sources. As long as reliable 
communications exists between all line terminals, lines protected with current differential schemes will still 
have high speed, selective clearing for 100% of the line regardless of line lengths, source strengths, or 
number of terminals.  

Line current differential protection requires only line current values, thus PTs are not required for the 
scheme (although potentials may be used for line charging compensation). Loss of potential in a step 
distance scheme must be dealt with by defaulting protective elements into certain states making them 
susceptible to miscoordination, or by disabling elements reducing the amount of protection in effect on the 
line. 

4.2.2 Line current differential compared to distance relaying pilot schemes 

Distance relaying pilot schemes will allow high speed tripping for faults on 100% of the protected line. The 
distance relaying pilot scheme must allow for communication delays and pickup/dropout times of 
directional elements during current reversals from faults on adjacent lines. Pilot schemes relying on 
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permission to trip are less susceptible to misoperation during communication failures than blocking 
schemes.  

Current differential schemes do not rely on directional elements to determine that the fault is on the 
protected line section. The scheme is not affected by current reversals. During current reversals, the 
relaying immediately detects the changes at all terminals through its current summations; the protection 
does not rely on permissive or blocking directional elements. Misoperations could occur with loss of data 
or excessive jitter imposed by the communications network losses in a line current differential scheme, but 
communications channel health supervision logic would generally block undesirable operation. 

4.2.3 Line current differential compared to directional and non-directional overcurrent 
schemes 

Overcurrent protection on transmission lines can be directional or non-directional. Typically, directional 
elements are necessary on networked lines and not required on radial lines. Line current differential 
protection can be applied on radial lines when load issues make it difficult to detect low-magnitude faults 
on the line. For radial lines with the absence of unprotected tapped load between the source and radial end, 
line current differential protection allows for very sensitive fault detection while being insensitive to 
loading. Line current differential schemes on radial lines with tapped load can have the relaying made less 
sensitive to allow for peak loading on the tap; or relaying at the tapped load point can provide an input to 
the scheme’s total differential current calculation (i.e., design it as a multi-terminal line). As with any type 
of line where line current differential protection is applied, operation of the current differential schemes 
allows for selective fault detection within its zone. For short radial lines, overcurrent relaying can operate 
for downstream faults and must be coordinated with relaying downstream of the transformer, while current 
differential relaying is insensitive to out of zone faults. 

5. Current differential operating methods 

5.1 Differential principle 

Current differential relaying is a method of extending the benefits of differential protection as applied to 
transformers, buses, or generators to the protection of transmission lines. Comparing current flowing into a 
line to the current flowing out of the same line allows for a simple protection scheme with high sensitivity 
and high speed simultaneous tripping of both line terminals. At the same time, the differential scheme is 
unaffected by external effects such as faults, load, and power swings. 

While all line differential relays have similarities, measuring principles may differ. The term “line current 
differential” is generally applied for both pilot wire relays and digital current differential relays. Phase 
comparison relays are line differential relays mainly intended for use with power line carrier. 

One main difference between the pilot wire relay and the digital current differential relay is the 
communications medium used. Pilot wire relays operate over an analog circuit such as a metallic pilot wire. 
Most digital current differential relays require a digital channel (fiber optic or multiplexed). There are 
exceptions in both groups; digital current differential relays operating over analog channels (audio tone) 
and pilot wire relays operating over a digital channel via an interface. This guide focuses on digital relays 
using digital communications channels. 
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5.2 Current differential protection measuring principles 

There are a number of different relay measuring principles used by current differential relays: 

 Percentage differential relays 

 Charge comparison relays 

 Alpha plane relay 

 A mix of the above 

These principles are briefly described in the following subclauses. 

5.2.1 Percentage differential operating principle 

Current differential protection is a selective protection system for transmission lines which trips 
instantaneously for faults in the protected zone defined by the CTs at each end of the protected circuit. 

Current differential protection is based upon the principle of current comparison. Figure 1 shows a basic 
arrangement. At each terminal, an evaluation of the sum of the local and remote current values is made in 
order to calculate a differential current. Under normal operating conditions or external faults, the current 
entering at one end of the protected circuit is practically the same as that leaving at the other end. Hence, 
the differential current value is practically zero and operation of the protection will not occur. For a fault on 
the protected power line, the differential current value will exceed the operation threshold value and the 
protection will operate to clear the fault. 
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Figure 1 —Dual slope restraint characteristic 

The dual slope characteristic in Figure 1 illustrates the differential current, Id, the restraint current Ir, 
minimum operating current Is1, cross over threshold Is2, and slopes k1 and k2. Typically, all these 
parameters are settable values. 

When very large currents flow through the protected zone for faults external to the zone, an erroneous 
differential current can appear due to the errors from different ratios and saturation of the CTs, channel 
delay measurement, and finite sampling frequency. If this erroneous differential current exceeds the 
threshold of operation, it will result in incorrect operation of the current differential protection. Such an 
unwanted operation is avoided by the means of stabilization. This technique traditionally uses a bias or 
restraint current which is proportional to the sum of the absolute values of the currents measured at each 

protection terminal, i.e., ( )A BI I+ , in order to reduce the sensitivity of the protection for higher through 
currents. This stabilization technique is also called percentage restraint. Other implementations may use 
restraining quantities based on the maximum value of the measured currents, or the average value of the 
measured currents, or other methods.  

Figure 1 shows an example of the percentage restraint characteristic with two slopes. This dual slope 
characteristic has the advantage of providing high sensitivity for low fault currents and good security for 
external faults with higher fault currents where CT errors may be larger. The bias (trip point) is not a fixed 
value but calculated from a starting point with a curve that increases as current increases. This automatic 
increase in the trip point compensates for errors in the relaying system that are proportional to the current 
level. Such effects include CT measuring errors and analog circuit errors. 

The minimum operating current Is1 is a settable threshold. 

The operating equations described by the example characteristic shown in Figure 1 are: 
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For the small current region: 

                          (1) 

For the large current region: 

                            (2) 

The saturation of CTs for heavy through faults normally requires the selection of a higher slope setting 
which involves a loss of sensitivity for internal faults. However, recent protection algorithms include 
techniques to detect CT saturation such that only under these conditions is there a necessity for the 
sensitivity of the protection to be reduced. 

The selection of the minimum operating current Is1 is determined from two conditions as follows: 

1. The minimum internal fault current required for the relay to operate. 

2. The maximum internal charging current. The capacitance of the three conductors or three pairs of 
bundled conductors to earth and between one another, except in the case of single core cables, 
determines that the current at each end of the line will differ in both magnitude and phase. 
Particularly in cables, the capacitive charging current can attain significant values. Nevertheless, 
usually the necessity to increase Is1 does not involve an important loss of sensitivity. 

5.2.2 Charge comparison operating principle 

The operating principles of charge comparison are similar to those of the more common percentage 
restraint current differential type of protective relay. Current differential relays compare the total currents 
entering and leaving the primary protection zone. They will trip if the difference between these currents 
exceeds some pre-defined restraint limit. For this comparison to be made, the current differential relay at 
the local station has to know the identical phase current recorded at the remote station(s) for the same 
interval being considered at the local station. This requires precise communications delay measurement and 
compensation. With current differential relays that compare instantaneous values, any error in 
compensation causes an error in the comparison and results in a variation of pickup point. In addition, 
many samples per cycle are sent to the remote station, placing a burden on the communications channel. 

Charge comparison relaying addresses this problem by comparing local and remote station readings on a 
half-cycle basis. The total charge (simplified to amp-seconds) is added up for a half cycle upon a zero 
crossing and transmitted to the remote end. For a proper comparison to be made at the remote station, all 
that is required is that the proper half cycles be compared. This allows a much greater error in time delay 
compensation with no impact on pickup point. The transmission of only one value per phase per half cycle 
greatly reduces throughput requirements of the communications channel.  

Data synchronization is typically done automatically with ping-pong type round trip time measurements 
where the resultant measurement is divided by two to get the one-way delay. This method can result in 
minor errors for asymmetrical communications networks but, due to the tolerance for errors in a charge 
comparison relay, this is rarely an issue. Assuming a perfect alignment between local and remote currents, 
there is +/- 4 ms of error tolerance in the compensation. Given that line capacitance will cause a slight 
misalignment of the currents and that any compensation is going to have some resolution, it is practical to 
use +/- 3 ms as a limit for how much the communications channel delay can vary during normal operation 
without affecting the relaying. This is well within the normal operational limits of most communications 
channels in a dedicated fiber or T1(E1)/SONET(SDH) environment, even under adverse conditions. 
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5.2.3 Alpha plane differential characteristic 

The alpha plane current differential protection principle compares individual magnitudes and angles of the 
zone currents. In Protective Relays: Their Theory and Practice, Warrington introduced a complex plane 
called alpha plane that depicts the complex ratio IR/IL of the remote IR to the local IL currents. In addition, 
he introduced the term beta-plane (β-plane) for the complex ratio IL/IR plane. Only the alpha plane is 
discussed here since both planes are equivalent in terms of the information they provide. Under balanced 
conditions, the two currents of the zone (IL and IR) are equal in magnitude and opposite in phase. This 
yields an operating point on the alpha plane of r = 1∠180°. Under internal faults, the complex current ratio, 
r, departs from this ideal blocking point, allowing the alpha plane element to operate. Blocking and 
operating regions are shaped as pictured in Figure 2, with typically two parameters, the blocking radius, R, 
and the blocking angle, α.  

The relay restraining region in the current-ratio plane is the area between two circle arcs and two straight 
lines and includes the a = –1 point. Two-amplitude and one-phase comparison elements are needed to 
create this characteristic. Amplitude comparison provides the circular parts of the characteristic with 
thresholds R and 1/R (circles radii). Phase comparison provides the linear parts of the characteristic and 
defines the angular setting α. The horizontal axis variable a is the real part of the complex ratio of IR/IL, and 
the vertical axis variable b is the imaginary part of the complex ratio of IR/IL. 

Setting R determines the restraining region outer radius. The inner radius is the reciprocal of R. Setting α 
determines the angular extent of the restraining region. The choice of using the angle to control the 
characteristic stems from the observation that many of the events of interest plot as angular sectors on the 
alpha plane and therefore can be better accounted for with an angle setting than with a percentage slope 
setting.  

In the alpha plane element, the angular setting α allows the accommodation of CT and current alignment 
errors without affecting sensitivity, while the radius setting R modifies sensitivity without penalizing 
tolerance to CT saturation and current alignment errors. 

jb

a
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R

1/R
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Restraining
region
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Figure 2 —Current ratio plane 

5.2.3.1 Current ratio plane 

Because relay input signals are complex quantities, the most comprehensive way to represent the relay 
characteristics is to use a complex plane defined by the ratio of the relay input signals. The impedance or 
the admittance complex plane is used to represent the operating characteristics of relays that use current 
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