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Abstract: The issues concerning testing and verification of the correctness of differential and
polarizing circuits are described and discussed in this guide. The intention of this guide is to help
the reader to detect errors in the wiring of protective relays that might cause erroneous operations
of protection systems. It is essential to follow systematic testing procedures and record the
observations in a proper organized manner. The records should include documentation of all
measurements and a comparison with the desired results.
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expressly disclaims all warranties (express, implied and statutory) not included in this or any other
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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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Secretary, IEEE-SA Standards Board
445 Hoes Lane
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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
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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
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Introduction

This introduction is not part of IEEE Std C37.103™-2015, IEEE Guide for Differential and Polarizing Relay Circuit
Testing.

Errors in the wiring of connections to protective relays have caused erroneous operations of the associated
protective schemes resulting in many serious power interruptions. In most cases, thorough testing would
have discovered those incorrect connections. Ground relay polarizing and differential relay connections are
the most troublesome and difficult to locate; therefore, this guide describes and discusses the issues
concerning testing and verification of the correctness of these circuits.

This guide describes tests for helping to ensure correct differential and polarizing circuit connections. Relay
calibration, setting, insulation, instrument transformer tests, etc., are also referred to in this guide, but it is
assumed that the individual users have developed these tests, and therefore they are not discussed in detail.
Methods for testing differential and polarizing circuits have never really been defined by the manufacturers
because a large variety of ways in which differential and polarized circuits are applied in relay systems.
Consequently, utilities develop their own testing techniques, which can vary widely depending on factors
such as the availability of test switches, test gear, test philosophy, problems discovered in the past, and
manpower. Good systematic testing should include systematic documentation of the tests and the test
procedures. This should include documentation of all measurements and a comparison with the desired
results.

Comments on the advantages and disadvantages of the different techniques are presented, and operating
considerations for personnel and equipment are included. Since most of the circuit verification tests include
passing current through either the current transformer primaries or secondaries, the voltage source to
accomplish these tests varies. For primary testing that may include power transformer windings, the
required source voltage will be substantial. For secondary testing, the source voltage may be relatively low.
For some of these circuit tests, variable voltages are needed. In each case, the source is identified and noted
on the figure involved.

Traditional electromechanical and solid-state differential relays made no provision for phase shifts in the
transformers; the connections and wiring had to be arranged so that the normal load currents flowing into
the respective primary and secondary “restraint” windings were 180° out of phase. Further, some current
transformer (CT) connections were not possible without the use of wye-delta auxiliary CTs or a zero-
sequence trap (see IEEE Std C57.13.1") * ™ ¢ Electromechanical and solid-state relays usually did not
provide direct readout of the currents in the relays.

In contrast, present microprocessor relays compensate for the transformer/CT connections and provide
readouts from a front panel human-machine interface (HMI) and/or via the relay communications port. This
provision simplifies testing in three ways:

— The installation may be designed such that the CT secondary circuits are all connected in wye,
making wiring checkout easier.

— Amplitude and phase of primary/secondary injection and load currents can be checked by
interrogation of the relay via the HMI or from a portable computer via the relay communications
port. The processing of the signals in the relay automatically takes into account the relationship
between the restraint and operating currents that can be ascertained.

— The manufacturer usually provides a worksheet for entry of all the current and phase angle
readings, which simplifies interpretation of the results.

* Information on references can be found in Clause 2.
°The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.
° IEEE publications are available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854,
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IEEE Guide for Differential and
Polarizing Relay Circuit Testing

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 wunder 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 covers tests to help ensure correct connections of differential relays and polarizing circuits of phase and
ground relays. Although other preparatory tests are mentioned in this guide, these tests are not discussed in detail.

1.2 Purpose

This guide provides a methodology to establish a systematic series of tests to verify the integrity and accuracy of
connections of differential and polarizing circuits.

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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