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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEASURING RELAYS AND PROTECTION EQUIPMENT —
Part 118-1: Synchrophasor for power systems — Measurements

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation.

IEEE Standards documents are developed within IEEE Societies and 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 IEEE 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 contained in its standards. Use of IEEE Standards documents is wholly
voluntary. IEEE documents are made available for use subject to important notices and legal disclaimers (see
http://standards.ieee.org/IPR/disclaimers.html for more information).

IEC collaborates closely with IEEE in accordance with conditions determined by agreement between the two
organizations. This Dual Logo International Standard was jointly developed by the IEC and IEEE under the terms
of that agreement.

The formal decisions of IEC on technical matters express, as nearly as possible, an international consensus of
opinion on the relevant subjects since each technical committee has representation from all interested IEC
National Committees. The formal decisions of IEEE on technical matters, once consensus within IEEE Societies
and Standards Coordinating Committees has been reached, is determined by a balanced ballot of materially
interested parties who indicate interest in reviewing the proposed standard. Final approval of the IEEE standards
document is given by the IEEE Standards Association (IEEE-SA) Standards Board.

IEC/IEEE Publications have the form of recommendations for international use and are accepted by IEC National
Committees/IEEE Societies in that sense. While all reasonable efforts are made to ensure that the technical
content of IEC/IEEE Publications is accurate, IEC or IEEE cannot be held responsible for the way in which they
are used or for any misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
(including IEC/IEEE Publications) transparently to the maximum extent possible in their national and regional
publications. Any divergence between any IEC/IEEE Publication and the corresponding national or regional
publication shall be clearly indicated in the latter.

IEC and IEEE do not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsible
for any services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individual
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societies and
the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA) Standards Board, for any
personal injury, property damage or other damage of any nature whatsoever, whether direct or indirect, or for
costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this IEC/IEEE
Publication or any other IEC or IEEE Publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of material
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for identifying
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity or
scope of Patent 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.
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International Standard IEC/IEEE 60255-118-1 has been prepared by IEC technical committee
95: Measuring relays and protection equipment, in cooperation with the Power System Relaying
Committee of the IEEE Power and Energy Societyl, under the IEC/IEEE Dual Logo Agreement.

This publication is published as an IEC/IEEE Dual Logo standard.

The text of this document is based on the following documents:

FDIS Report on voting
95/395/FDIS 95/396/RVD

Full information on the voting for the approval of this document can be found in the report on
voting indicated in the above table.

International standards are drafted in accordance with the rules given in the ISO/IEC Directives,
Part 2.

A list of all parts in the 60255 International Standard, published under the general title
Measuring relays and protection equipment, can be found on the IEC website.

The IEC Technical Committee and IEEE Technical Committee have decided that the contents
of this document will remain unchanged until the stability date indicated on the IEC website
under "http://webstore.iec.ch" in the data related to the specific publication. At this date, the
publication will be

» reconfirmed,

e withdrawn,

» replaced by a revised edition, or
« amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT — The 'colour inside’ logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.

1 Alist of IEEE participants can be found at the following URL:
https://standards.ieee.org/standard/60255-118-1-2018.html
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INTRODUCTION

This document provides continuation and further development of previous synchrophasor
standards, notably the IEEE C37.118 series. It defines synchrophasor, frequency, and rate of
change of frequency (ROCOF) measurements as used in this technology. These definitions are
in agreement with most research on and analysis of dynamic electric power system
measurements, but may differ from those given in other contexts. Function and performance
requirements are given for synchrophasor measurements. Tests, evaluation criteria, and error
limits are provided to determine compliance with the requirements.

Informative Annexes A, B, C, F, and H provide details about timing aspects, definition
application and derivations, PMU measurements, generator power angle, and environmental
tests. Informative Annex D details the M and P class reference models used to ensure the
requirements can be met; these models are for limit qualification only, as it is expected that
most real implementations will perform better than these models. Informative Annex E proposes
revised performance requirements for synchrophasors produced from sampled values. These
may be used as a basis for normative requirements in a future standard revision. Normative
Annexes G and | provide optional qualification of extended steady-state accuracy and
measurement bandwidth determination.

A phasor measurement unit (PMU) estimates the parameters magnitude, phase angle,
frequency, and rate of change of frequency from the signals appearing at its input terminals or
interface. Input signals may be corrupted by harmonics, noise, and changes in state caused by
load changes and control and protective actions which complicate parameter estimation. Some
examples are harmonics introduced by non-linear loads, step changes in phase introduced by
switched reactive elements, and random noise from arc furnaces. These artefacts complicate
the process of measuring the generation and load characteristics at or near the system
fundamental frequency. The intent of this document is to describe and quantify the performance
of a PMU so that it provides a reliable and accurate measurement under real power system
conditions.

Synchrophasors are estimated from samples of the voltage and current AC waveforms. Since
these signals are alternating current, the estimate uses an interval or "window" over which the
samples are taken and used to make the estimate. There could be changes in the waveform
parameters during the estimation interval, so the estimate will represent some kind of "average"
value for the sinusoid over that window. The length and weighting of the window directly impacts
the estimate. A longer window reduces interference but averages out more dynamic changes.
In conditions of rapid dynamic changes, such as during a fault, the phasor values can be very
inaccurate. The user needs to evaluate their applications and employ appropriate filtering if
such conditions could cause a problem.

Frequency and ROCOF are defined as the first and second derivatives of phase angle. They
are often computed using finite differencing of the measured angle. Any interference in the
angle adversely affects these measurements. Consequently, these measurements are less
precise and can produce misleading values. This document presents a set of PMU performance
requirements to ensure that compliant instruments will perform similarly when presented with
this suite of test signals. The user should be aware that, in the presence of real system
interference, higher measurement errors could result. These errors may be substantial,
particularly where higher order derivatives (such as ROCOF) are used. Signal processing
alternatives may be employed to reduce or eliminate these errors, though they are difficult to
implement in a real-time environment. Alternatives are neither described nor evaluated in this
document.
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Specific environmental requirements are out of scope for this document, which specifies
functional requirements. Testing required by this document will be performed under standard
laboratory conditions which do not include environmental conditions that may be specified for
some deployments. Devices implementing the functions described in this document may also
follow environmental standards such as IEEE Std 1613™ and IEC 60255-1. Vendors are
encouraged to provide information regarding the effect of environmental influences on device
performance, perhaps including the pass/fail criteria used when determining environmental
compliance. Guidance regarding suggested test profiles is included in Annex F.
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MEASURING RELAYS AND PROTECTION EQUIPMENT —

Part 118-1: Synchrophasor for power systems — Measurements

1 Scope

This part of IEC 60255 is for synchronized phasor measurement systems in power systems. It
defines a synchronized phasor (synchrophasor), frequency, and rate of change of frequency
measurements. It describes time tag and synchronization requirements for measurement of all
three of these quantities. It specifies methods for evaluating these measurements and
requirements for compliance with the standard under both static and dynamic conditions. It
defines a phasor measurement unit (PMU), which can be a stand-alone physical unit or a
functional unit within another physical unit. This document does not specify hardware, software
or a method for computing phasors, frequency, or rate of change of frequency.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60255-1, Measuring relays and protection equipment — Part 1: Common requirements

IEEE Std C37.90™, IEEE Standard for Relays and Relay Systems Associated with Electric
Power Apparatus
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