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European foreword

The text of document 95/402/FDIS, future edition 1 of IEC 60255-181, prepared by IEC/TC 95
"Measuring relays and protection equipment" was submitted to the IEC-CENELEC parallel vote and
approved by CENELEC as EN IEC 60255-181:2019.

The following dates are fixed:

+ latest date by which the document has to be implemented at national (dop) 2020-01-03
level by publication of an identical national standard or by endorsement

+ latest date by which the national standards conflicting with the (dow) 2022-04-03
document have to be withdrawn

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC shall not be held responsible for identifying any or all such patent rights.

Endorsement notice

The text of the International Standard IEC 60255-181:2019 was approved by CENELEC as a
European Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standards

indicated:
|IEC 60255-24 NOTE Harmonized as EN 60255-24
IEC 61000-2-4:2002 NOTE Harmonized as EN 61000-2-4:2002 (not modified)
IEC 61850-7-4 NOTE Harmonized as EN 61850-7-4
IEC 61850-9-2 NOTE Harmonized as EN 61850-9-2

IEC 61869-9:2016 NOTE Harmonized as EN 61869-9:—' (not modified)

" Under preparation. Stage at time of publication: FprEN 61869-9:2016.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

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.

NOTE 1 Where an International Publication has been modified by common modifications, indicated by (mod), the relevant
EN/HD applies.

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available here:
www.cenelec.eu.

Publication Year Title EN/HD Year

IEC 60050-103 - International Electrotechnical Vocabulary - - -
Part 103: Mathematics - Functions

IEC 60050-447 - International Electrotechnical Vocabulary -
Part 447: Measuring relays

IEC 60050-601 - International Electrotechnical Vocabulary. - -
Chapter 601: Generation, transmission and
distribution of electricity - General

IEC 60255-1 - Measuring relays and protection equipment EN 60255-1 -
- Part 1: Common requirements
IEC 61850 series Communication networks and systems for EN 61850 series
power utility automation
IEC 61869 series  Instrument transformers EN 61869 series
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEASURING RELAYS AND PROTECTION EQUIPMENT -
Part 181: Functional requirements for frequency protection

FOREWORD

1) 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. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements 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.

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

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

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees 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 Publication or any other IEC
Publications.

8) 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.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60255-181 has been prepared by IEC technical committee 95:
Measuring relays and protection equipment.

The text of this International Standard is based on the following documents:

FDIS Report on voting
95/402/FDIS 95/409/RVD

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 60255 series, published under the general title Measuring relays
and protection equipment, can be found on the IEC website. Documents
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The committee has 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 document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

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.
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MEASURING RELAYS AND PROTECTION EQUIPMENT -

Part 181: Functional requirements for frequency protection

1 Scope

This part of IEC 60255 specifies the minimum requirements for functional and performance
evaluation of frequency protection. This document also defines how to document and publish
performance test results.

This document covers the functions based on frequency measurement or rate of change of
frequency measurements. This document also covers frequency protection where additional
blocking elements are used.

This document defines the influencing factors that affect the accuracy under steady state
conditions and performance characteristics during dynamic conditions. The test
methodologies for verifying performance characteristics and accuracy are also included in this
document.

The frequency functions covered by this document are shown in Table 1:

Table 1 — Frequency protection designation

IEEE/ANSI C37.2 IEC 61850-7-4 logical
function numbers nodes
Underfrequency protection 81U PTUF
Overfrequency protection 810 PTOF
Rate of change of frequency protection (ROCOF) 81R PFRC

This functional document is applicable to frequency functions embedded in a protection relay
but also to other physical devices which include frequency protection in their functionality (for
example, trip units in a low-voltage circuit breaker or inverters associated with photovoltaic or
storage systems).

This document does not cover synchronizing or synchronism-check functions.

This document does not specify the functional description of additional features often
associated with frequency functions such as undervoltage blocking, df/dt or Af/At supervision,
current supervision or power supervision (f/P function). Only their influence on the frequency
protection function is covered in this document.

Frequency and rate of change of frequency measurement outputs provided by protection
devices are not in the scope of this document.

Additionally, this document does not explicitly cover the frequency relays based on current as
the input energizing quantity but the principles covered by this document can be extended to
provide guidance for these applications.

The general requirements for measuring relays and protection equipment are defined in
IEC 60255-1.
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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

IEC 60050-103, International Electrotechnical Vocabulary — Part 103: Mathematics -
Functions

IEC 60050-447, International Electrotechnical Vocabulary — Part 447: Measuring relays

IEC 60050-601, International Electrotechnical Vocabulary — Chapter 601: Generation,
transmission and distribution of electricity — General

IEC 61850 (all parts), Communication networks and systems for power utility automation

IEC 61869 (all parts), Instrument transformers

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-103,
IEC 60050-447, IEC 60050-601, and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

input energizing quantity

energizing quantity which either by itself constitutes the characteristic quantity or helps to
constitute it

Note 1 to entry: For the frequency protection function, the input characteristic quantity could be voltage.

[SOURCE: IEC 60050-447:2010, 447-03-02, modified — The note to entry has been replaced
by a new note.]

3.2

characteristic quantity

electric quantity, or one of its parameters, the name of which characterizes a measuring relay
or protection equipment and the values of which are the subject of accuracy requirements

Note 1 to entry: For underfrequency protection and overfrequency protection, the characteristic quantity is
frequency; for rate of change of frequency protection (ROCOF), the characteristic quantity is rate of change of
frequency.

[SOURCE: IEC 60050-447:2010, 447-07-01, modified — The examples have been replaced by
a new note to entry.]
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3.3

characteristic curve

curve which represents the relationship between the theoretical specified operate time and
the characteristic quantity

3.4

setting value of the characteristic quantity
Gs
value of the characteristic quantity used as the reference for the definition of the
characteristic curve

3.5
start value
value of the characteristic quantity at which a measuring relay or protection equipment starts

(picks up)

Note 1 to entry: Start value is also called "pick-up value".

3.6
reset value
value of the characteristic quantity at which a measuring relay or protection equipment resets

3.7

start time

time interval between the instant a specified change is made in the value(s) of the input
energizing quantity(ies) which will cause the measuring relay or protection equipment in initial
condition or reset condition to start and the instant it starts

Note 1 to entry: Start time is also called "pick-up time".

3.8

operate time

time interval between the instant a specified change is made in the value(s) of the input
energizing quantity(ies) which will cause the measuring relay or protection equipment in initial
condition or reset condition to operate and the instant it operates

Note 1 to entry: The operate time of the protection function is the sum of the start time and the operate time delay
setting.

3.9

operate time delay setting

intentional time delay defined by a user setting which is activated by the start signal to assert
the operate signal

Note 1 to entry: The operate time of the frequency protection function is the sum of the start time (pick-up time)
and the operate time delay setting. The difference between operate time and operate time delay setting is specified
in Figure 1. Figure 1 is based on a sudden frequency change only to simplify the definition of start time initialization.
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Input energizing |
quantity
(e.g. voltage)

Change of input energizing quantity

Characteristic A
quantity

Frequency® I

Start signal

Operate signal

|
|
| |
_ Starttime | Operate time delay setting |
o @37) 'I‘ (3.9) "
P | Operate time J
| (3.8) :
I | -
Time

IEC

a8 Take underfrequency protection as an example.

Figure 1 — Operate time and operate time delay setting

3.10

disengaging time

time interval between the instant a specified change is made in the value(s) of the input
energizing quantity(ies) which will cause the measuring relay or protection equipment in
operate condition to disengage and the instant it disengages

3.1

reset time

duration between the instant a specified change is made in the value(s) of the input
energizing quantity(ies) which will cause the measuring relay or protection equipment to reset
and the instant it resets

[SOURCE: IEC 60050-447:2010, 447-05-06, modified. See figure 6.]

3.12

reset hysteresis

absolute value of the difference between the reset value and the start value of the protection
function

3.13
reset ratio
ratio between the reset value and the start value of the protection function

Note 1 to entry: Reset ratio is used for rate of change of frequency, as defined in 4.4.2 and 5.8.
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3.14

operating range

range for which the measuring relay under specified conditions is able to perform its intended
function(s) according to the specified requirements

Note 1 to entry: When accuracy requirements have to be met, see effective range (IEC 60050-447:2010,
447-07-08).

Note 2 to entry: A minimum level of input energizing quantity, such as voltage, is required in order to calculate the
power frequency correctly.

[SOURCE: IEC 60050-447:2010, 447-03-16, modified — Note 2 to entry has been added.]

3.15

effective range

part of the operating range of an input energizing quantity or characteristic quantity within
which the accuracy requirements are met

Note 1 to entry: This note applies to the French language only.

[SOURCE: IEC 60050-447:2010, 447-07-08]

3.16

rate of change of frequency protection

ROCOF

protection function intended to operate when frequency changes by a given amount per unit of
time

Note 1 to entry: This note applies to the French language only.

3.17

period

T

smallest positive difference between two values of the independent variable at which the
values of a periodic quantity are identically repeated

Note 1 to entry: If f(t) denotes a periodic quantity, then f(t+T)="f(t).

Note 2 to entry: The term "period duration" is sometimes used in the case of a function of time.

Note 3 to entry: The symbol T is mainly used for the period when the independent variable is time.

[SOURCE: IEC 60050-103:2009, 103-06-01]

3.18

frequency

f

reciprocal of the period

Note 1 to entry: The symbol fis mainly used when the period is a time. The symbol v (nu) is mainly used in optics.

Note 2 to entry: For a sinusoidal waveform, frequency is the first derivative of the phase angle
(see IEC/IEEE 60255-118-1: 2018). A detailed description can be found in Annex D.

[SOURCE: IEC 60050-103:2017, 103-06-02, modified — Note 2 to entry has been replaced by
a new note.]

3.19
power frequency
conventionally, the values of frequency used in the electricity supply systems

[SOURCE: IEC 60050-601:1985, 601-01-05] Documents
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4 Specification of the function

4.1 General

An example of the protection function with its inputs, outputs, measuring element, time delay
characteristics and functional logic is shown in Figure 2. The manufacturer shall provide the
functional block diagram of the specific implementation.

Functional Logic
\
4 Threshold(s) ST
art (pick-up;
Entl-:::iusting T T T T signal
Quantites Energizing | Frequency | Characteristic I Time delay
quantity quantity
N measurement N | |
e (. dfldt, etc.) | v
|, element ﬂ N
(Signal Additional Timer(s) |»| | Operate tip)
Processing) restraint or signal
_______ . ________»
blocking
element
Binary Input The exact_ contents of _this functional logic area depends O“f.ftzi.ﬂaw
Sl upon the implementation. ) signals
IEC

Figure 2 — Simplified protection function block diagram

4.2 Input energizing quantities / energizing quantities

The input energizing quantities are the measuring signals, for example, voltages. In the case
of analogue entries, their ratings and relevant standards are specified in IEC 60255-1. Input
energizing quantities can be acquired via direct connection with primary conductors (for
example, low-voltage busbars) or from instrument transformers — for example, voltage
transformer, VTs, according to IEC 61869 (all parts) — or as a data packet over a
communication port using an appropriate communication protocol (such as that of
IEC 61850-9-2 and, more specifically, IEC 61869-9).

The protection function documentation shall state the type of input energizing quantities used
by the protection function. Examples are:

e single or multi phase-to-earth or phase-to-neutral voltage measurement;

e single or multi phase-to-phase voltage measurement;

e phase (line) currents.

The manufacturer shall specify which energizing quantities are used for the operation of the
frequency protection. As illustrated in Figure 2, the energizing quantities can differ to that of
the input energizing quantities, for example:

e use of phase-to-earth or phase-to-phase voltage;
e use of two different voltage sources;

e use of derived signals from phase quantities, for example, positive sequence voltage or
calculated phase-to-phase voltages, etc.;

o use of current, such as phase current or positive sequence current, etc.

The manufacturer shall specify which characteristic quantity is used for the operation of
frequency protections. Examples are:

e power frequency measurement;
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Power frequency and df/dt quantities can be measured over a different time period (for
example, one or several power frequency cycle(s)). This time period can be fixed or
adjustable according to a user setting. When this time period is adjustable, the setting value
has an impact on the time characteristic (for example, start time).

The manufacturer shall advise if the frequency or ROCOF measurement is impacted by a user
setting (for example, frequency averaged over selectable number of cycles). In such case, the
manufacturer shall declare the impact of these settings on the function performances and
recommend settings for the relevant functional tests and for applications.

All of these characteristic quantities are based on a basic frequency measurement. Different
algorithms exist and a selection of them are described in Annex C.

When the protection device is not equipped with voltage inputs, or when voltage signals are
not present or under a blocking threshold, frequency measurement could be performed on line
current inputs. Such a feature is generally used to manage the frequency tracking and not
recommended to manage frequency protections. The manufacturer shall declare if phase
currents are used as input energizing quantities within their frequency protections.
Performances of frequency protection based on phase current are not covered by type tests
defined in Clause 6, but the test principle may be extended to provide guidance for these
applications.

4.3 Binary input signals

If any binary input signals (externally or internally driven) are used, their influence on the
protection function shall be clearly described on the functional logic diagram. An additional
textual description may also be provided if this can further clarify the functionality of the input
signals and their intended usage.

Binary input signals to this function may emanate from a number of different sources.
Examples include:

o traditionally wired to physical (typically optically isolated) inputs;

e via a communications port from external devices (e.g. using IEC 61850 GOOSE signals);

e via internal logical connections from other functional elements within the relay; for
example, undervoltage blocking, df/dt or Af/At supervision, current supervision and power
supervision (f/P function);

e via internal logic within the frequency protection elements.

The method of receiving the signal is largely irrelevant except to conform to operational
requirements. Definitions, ratings and standards for binary input signals are specified in
IEC 60255-1.

4.4 Functional logic
4.4.1 Operating characteristics
4411 General

The relationship between operate time and characteristic quantity can be expressed by means
of a characteristic curve. The shape of this curve shall be declared by the manufacturer via an
equation (preferred) or graphical means.

This document specifies an independent time characteristic (i.e. definite time delay).

The independent time characteristic is defined in terms of the setting value of the
characteristic quantity Gg and the operate time delay setting {y¢5,- When no intentional time
delay is used, then the protection function is denoted as an instantaneous function.Documents
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4.4.1.2 Characteristic for underfrequency function

For the underfrequency function, fg)=14e,, When G<Gg The independent time
characteristic is presented in Figure 3.

Operate area

GIimit = lower value
of the declared
operating range

t R ————

delay

(O} T

limit s G
IEC

Figure 3 — Underfrequency independent time characteristic

NOTE The accuracy of time characteristics is guaranteed over the effective range, but the function is expected to
operate over the operating range, as described in 5.2.

4413 Characteristic for overfrequency function

For the overfrequency function, tg) = t4e1ay When G > Gg. The independent time characteristic
is presented in Figure 4.
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Operate area

Gyimit = Upper value of

the declared
operating range

delay

>
G, Jimit G

IEC

Figure 4 — Overfrequency independent time characteristic

NOTE The accuracy of time characteristics is guaranteed over the effective range, but the function is expected to
operate over the operating range, as described in 5.2.

4.41.4 Characteristic for rate of change of frequency (ROCOF)

For ROCOF function, tg) =
presented in Figure 5.

tyelay When |G| > |Gg|. The independent time characteristic is

t(G) A
.
] .
(] .
] .
] .
: :
' Operate area Operate area 4
+ (negative ROCOF) (positive ROCOF) H
: :
: :
G, = lower value of E selay E tGhmaé= tlppzr value of
the declared @ @  c———e——  — — — s —— " Cccccfcce== e declare
operating range . H H + operating range
: : i >,
H ' : : >
_Gmin _GS +GS +Gmax G
IEC

Figure 5 — ROCOF independent time characteristic (for negative or positive ROCOF)

NOTE The accuracy of time characteristics is guaranteed over the effective range, but the function is expected to
operate over the operating range, as described in 5.2.

The operate characteristic can be defined only for a positive, a negative or both for positive
and negative ROCOF, according to a user setting. Such an operate characteristic shall be
declared by the manufacturer. The positive and negative thresholds can be different and
managed with two different ROCOF elements.
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4.4.2 Reset characteristics

Generally, there is no intentional delay on reset. The function shall return to its reset state
when:

e G > G + (reset hysteresis), for the underfrequency function;

e G < G4 - (reset hysteresis), for the overfrequency function; and

o |G| < (reset ratio) x |Gg| or |G| < |G4| - (reset hysteresis), for ROCOF function, or for the
applicable formula when signed df/dt is used.

And

reset hysteresis =|reset value-operate value

. reset value
reset ratio=——
operate value

For ROCOF functions, the reset ratio can be associated with an absolute minimum reset
hysteresis applicable for lower threshold values. In that case, the reset value is the greater
value between the declared reset ratio and reset hysteresis (for example, reset ratio 98 %
with minimum reset hysteresis 40 mHz/s).

With frequency protections, only the disengaging time shall be declared. An intentional reset
time characteristic is generally not provided with frequency functions. The difference between
disengaging time and reset time is recalled in Figure 6.
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— " Reset hysteresis

| Reset ratio = reset value/operate value
Reset hysteresis = |operate value — reset value|

Reset value

- - - - —-—-—-—-—--Z :&ﬁReset hysteresis

or integrator etc.)
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Operate signal

¢ ) > 1
[Start tlmq
I |
I |
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Operate time Disengaging time

>
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Figure 6 — Explanatory diagram for start, operate, disengage and reset

4.5

4.51 General

Additional influencing functions/conditions

The following conditions may affect the behaviour of the frequency function. These conditions
can be detected by additional function elements which then interact with the frequency
protection through binary inputs in pre-defined ways, for example, blocking frequency
protection when the voltage levels are below prescribed limits. The performance of these
specific characteristics shall be described by the manufacturer in the documentation. The
associated functional tests are not described in this document, but the test methods used to
check these characteristics shall be described by the manufacturer in the type test report.

4.5.2

Specific characteristics for under/over frequency function

Examples of specific characteristics for under/over frequency function are:

e undervoltage blocking;

e three-phase unbalance supervision;

e df/dt supervision;
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e current supervision;

e power supervision (f/P function).
4.5.3 Specific characteristics for rate of change of frequency (ROCOF) function
Examples of specific characteristics for ROCOF function are:

e undervoltage blocking;
o three-phase unbalance supervision;
e under/over frequency supervision;

e current supervision.
4.6 Binary output signals
4.6.1 General

Binary output signals from this function may be available in a number of different forms.
Examples include:

e traditionally wired from physical protection device output contacts;
e via a communications port to external devices;
e via internal logical connections to other functional elements within the protection device;

e via internal logic within the frequency protection elements.

The method of providing the signal is largely irrelevant except to conform to operational
requirements. Definitions, ratings and standards for binary output signals using contacts are
specified in IEC 60255-1.

4.6.2 Start (pick-up) signal

The start signal is the output of measuring and threshold elements, without any intentional
time delay.

The manufacturer shall specify, to the extent required for proper application and testing, the
information about the start signals, characteristic and logic used for the starting/fault detection
element, required setting parameters, meaning and usage of settings, and output signals
asserted by the function.

If a start signal is not provided, the manufacturer shall give information on how to conduct
testing related to the start signal as defined in Clause 6.

4.6.3 Operate (trip) signal

The operate signal is the output of measuring and threshold elements, after completion of any
intentional operating time delay. In the case of instantaneous elements, this signal may occur
at the same time as the start signal (if provided).

4.6.4 Other binary output signals
If any other binary output signals are available for use, their method of operation shall be

clearly shown on the functional logic diagram. Additional textual description may also be
provided if this can further clarify the functionality of the output signal and its intended usage.
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5 Performance specification

5.1 General

Since this document specifies the minimum requirements for frequency protection, only the
performance specifications appropriate for meeting these minimum requirements are
considered and presented here. This document also defines how the performance related to
these minimum requirements shall be documented by the manufacturer.

5.2 Effective and operating ranges

Tables 2 and 3 show examples on how the effective range and operating range shall be
declared by the manufacturer for under/over frequency and ROCOF protections. Depending
on the frequency function technology, the range can differ from the given table, where the
values are given as an example to indicate the format of the data. The effective and operating
ranges shall be declared by the manufacturer and the data shall be published in accordance
with the format shown in Tables 2 and 3. When effective and operating ranges are expressed
according to rated voltage or nominal frequency, the manufacturer shall declare the values of
rated voltages or nominal frequencies authorized by the protection function.

Table 2 — Example of effective and operating ranges
for over/under frequency protection

Quantity

Effective range

Operating range

Voltage

5 % to 150 % of rated voltage

2 % to 200 % of rated voltage

29Vto86,6V

(VT secondary voltage)

1,5V to 1155V

(VT secondary voltage)

Power frequency

0,95 to 1,05 of nominal frequency

0,9 to 1,1 of nominal frequency

47,5 Hz to 52,5 Hz

45 Hz to 55 Hz

NOTE The voltage range can be expressed in percent of rated voltage value or in absolute voltage value (VT
secondary voltage). In the case of ranges declared with absolute values, the upper limit of the effective range is
higher than accepted rated values (for example, rated value of 57,7 V for an effective range up to 86,6 V).

Table 3 — Example of effective and operating ranges for ROCOF protection

Quantity

Effective range

Operating range

Voltage

5 % to 150 % of rated voltage

2 % to 200 % of rated voltage

2,9V to 86,6V

(VT secondary voltage)

1,5V to 1155V

(VT secondary voltage)

Power frequency?

0,95 to 1,05 of nominal frequency

0,9 to 1,1 of nominal frequency

47,5 Hz to 52,5 Hz

45 Hz to 55 Hz

ROCOF

-5 Hz/s to +5 Hz/s

-10 Hz/s to +10 Hz/s

NOTE The voltage range

can be expressed in percent of rated voltage value or in absolute voltage value (VT
secondary value). In the case of ranges declared with absolute values, the upper limit of the effective range is
higher than accepted rated values (for example, rated value of 57,7 V for an effective range up to 86,6 V).

2 In the event that the algorithm to measure the rate of change of frequency is not affected by the value of the
frequency itself, the manufacturer shall write "not applicable". The behaviour of the ROCOF protection
outside of the effective range of the power frequency shall be declared by the manufacturer. In any case, the
power frequency range shall be consistent with the declared start time and the ROCOF setting range to
perform the functional type tests described in Clause 6, where the initial power frequency used for the tests
is equal to the nominal value.

When phase currents are used as input energizing quantities for the frequency protection, the
manufacturer shall declare the effective and operating ranges for the currents. Documents
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When the rating of the voltage inputs of the protection device have a withstand value
associated with the value of flux (V/Hz), the manufacturer shall declare the maximum V/Hz
curve versus the time that the voltage input can withstand.

5.3 Accuracy related to the characteristic quantity

The manufacturer shall declare the accuracy related to the characteristic quantity along with a
setting value range over which it is applicable. In addition, the manufacturer shall also declare
the behavior of the function over the declared operating range.

For under/over frequency, the accuracy shall be declared with an absolute frequency value
(for example, £10 mHz). In addition to the absolute value, a relative value with respect to the
setting value (Gg) can be declared, and the accuracy error shall be the maximum of the two
terms (for example, "+0,01 % or 10 mHz, whichever is the greater").

For a ROCOF function, the accuracy shall be declared with a relative value with respect to the
setting value (Gg) or an absolute df/dt value or the combination of both values (for example,
"t5 % or 15 mHz/s, whichever is the greater"). The manufacturer can declare variable
accuracies over the ROCOF setting range.

The test procedure to assess the accuracy related to the characteristic quantity is described
in 6.2.1.

5.4  Start time for under/over frequency function
The start time of under/over frequency functions depends on several factors:

¢ initial power frequency value (generally close to the nominal frequency);

o final power frequency value (under simple steady state test conditions);

e the type of transition from the initial to the final value;

o the frequency measuring method, for example, frequency measurement based on an
average over a sliding time period.

The start time shall be published by the manufacturer as a result of two different test methods:

e with a sudden change between the initial test frequency value and the final frequency
value;

e with different constant frequency slopes (df/dt) between the initial frequency value and the
final frequency value.

More comprehensive information about test methodology and defined test points is provided
in 6.3.2.

For each test method, the manufacturer shall provide the minimum, average (mean) and
maximum start time based on the complete test points defined in 6.3.2. In addition, a
graphical representation of the complete set of test results shall be provided. Clarification of
the statistical terminology is provided in Annex B.

When the frequency measurement is based on an adjustable time period defined by a user
setting, the start time shall be declared with the default setting value of such an adjustable
time period.

5.5 Start time for rate of change of frequency (ROCOF) function

The start time of ROCOF functions depends on different factors, similar to under/over
frequency functions. The start time shall be published by the manufacturer as a result of tests
based on different slopes with constant frequency rate of change between the_jnitial test
frequency value and the end test frequency value. ocuments
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More comprehensive information concerning test methodology and defined test points is
provided in 6.3.3.

The manufacturer shall provide the mean (average), minimum and maximum start time based
on the complete test points defined in 6.3.3. In addition, a graphical representation of the
complete set of tests shall be provided with the mode and median values indicated.
Clarification of the statistical terminology is provided in Annex B.

When the frequency measurement is based on an adjustable time period defined by a user
setting, the start time shall be declared with the default setting value of such an adjustable
time period.

5.6 Accuracy related to the operate time delay setting

The operate time delay is the time interval from the instant when the start (pick-up) signal is
activated, to the instant when the operate signal is activated. This time is fixed by the operate
time delay setting ({4e|ay), defined in 3.9.

The maximum permissible error of the operate time delay setting shall be expressed as either:

e a percentage of the time setting value, together with a fixed maximum time error (where
this may exceed the percentage value), whichever is greater (for example, +5 % or +20 ms,
whichever is greater); or

e a fixed maximum time error (for example, £20 ms).

The manufacturer shall declare the maximum limiting error related to the operate time delay
setting along with the setting range of the time delay over which it is applicable.

The test procedure to assess the operate time delay setting is described in 6.4.

In some implementations, the internal measurement time may be included in the operate time
and not be in addition to the time delay setting as defined above. The manufacturer shall
declare how the operate time is managed in frequency functions.

5.7 Disengaging time

In frequency protection applications, it may be important to consider the disengaging time of
the frequency protection stages when the frequency returns to normal conditions. This
information has an impact on the time grading of different protection stages, on coordination
of grid protection and generator protection, etc.

The manufacturer shall declare the disengaging time according to the test procedure
described in 6.5.

If frequency protection is proposed with an intentional reset time, the manufacturer shall
declare how the reset time is managed, and the associated test procedure shall be described
in the type test report.

5.8 Reset hysteresis and reset ratio

For an under/over frequency function, the manufacturer shall declare the reset hysteresis
reported in mHz (for example, reset hysteresis: 5 mHz).

For a ROCOF function, the manufacturer shall declare the reset value, which can be limited to
a reset ratio (for example, reset ratio 98 %), or defined with a reset ratio associated with an
absolute minimum reset hysteresis applicable for lower threshold values (for example, reset
ratio 98 % with minimum reset hysteresis 40 mHz/s).
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The test procedure to assess the reset hysteresis and the reset ratio is described in 6.2.2.

NOTE There is no direct relationship between the declared accuracy (5.3) and the declared reset hysteresis or
reset ratio. The reset hysteresis or reset ratio is defined to hide the instability of the measurement and to avoid the
chattering of the start signal. For example, the reset hysteresis can be below or above the declared accuracy of the
characteristic quantity. The higher the measurement instability, the higher the reset hysteresis. The magnitude of
the measurement instability is not directly linked to the measurement accuracy.

5.9 Accuracy related to restraint/blocking elements

The manufacturer shall declare the restraint/blocking elements that are used. When the
restraint/blocking elements are based on specific thresholds, as described in 4.5, the
manufacturer shall declare the accuracy of these elements.

5.10 Performance with harmonics

Non-linear load conditions or nearby presence of an HVDC network may create the presence
of harmonics superimposed on the fundamental frequency of the voltages (and currents)
measured by the frequency functions. The presence of harmonics on a steady state load can
be simulated by steady state injection, and may affect the accuracy related to the
characteristic quantity of the frequency functions.

The accuracy of frequency or ROCOF measurement in the presence of harmonics shall be
checked according to the test procedure described in 6.6.

5.11 Stability in case of sudden voltage change (phase shift and magnitude shift)

For under/over frequency and ROCOF functions, the manufacturer shall declare if the start
signal is stable (no false operation) for a voltage change (magnitude or phase-shift) without a
frequency change.

The influence of a voltage magnitude change and a voltage phase shift shall be checked
according to the test procedure described in 6.7.

These tests are based on two typical scenarios:

e one test as set out in 6.7.2, based on voltage phase shift and magnitude change to be
representative of a fault occurrence followed by fault clearing;

e one test as set outin 6.7.3, based on a total voltage drop followed by a voltage restoration
to be representative of a complete voltage collapse representative of a close-up fault.

If the function is not stable (i.e. start signal occurs), the manufacturer shall declare the
minimum time delay setting required to ensure the stability of the operate signal.

5.12 Voltage input requirements
If voltage instrument transformers are used, the manufacturer shall declare the types of

voltage transformers, according to IEC 61869 (all parts), which are required to maintain the
claimed performance levels of frequency protections.

If direct low voltage connections are used, the rated voltage range shall be defined by the
declared effective and operating voltage ranges, as defined in 5.2.
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6 Functional test methodology

6.1 General

Clause 6 gives a detailed description of the tests to be performed to verify the frequency
function accuracy and performance specification described in Clause 5. These tests are not
intended for protection relay field commissioning or routine tests, where the manufacturer's
instructions shall be used as a reference, although several test methodologies and
performance requirements described in this document can also be applicable for
commissioning/maintenance tests.

These tests are, as explained in Clause 5, a mandatory part of the type tests for the
protection function. Detailed descriptions of the test conditions and of how test results shall
be published in the manufacturer's documentation are provided. This allows a comparison of
the technical requirements of the user with the protection function specifications given in the
manufacturer's documentation.

These tests are designed in such a way to exercise all aspects of the hardware and firmware
(if applicable) of the frequency protection function. This means that the injection of voltage (or
current) shall be at the interface to the protection device, either directly into the conventional
voltage transformer input terminals, or an equivalent digital signal with the appropriate
protocol at the appropriate interface. Similarly, operation shall be taken from output contacts
wherever possible or equivalent signals at an appropriate interface.

For the tests linked to time performance, the manufacturer shall declare with which output the
start and operate time has been measured — for example, trip binary output contact, or solid
state output, or GOOSE message according to IEC 61850 (all parts). If the protection device
can provide different output media, then the manufacturer shall declare how the time
performances are affected.

For protection devices where some or all settings are in primary values, one voltage
transformer ratio shall be selected for performing the tests (if applicable).

In order to determine the accuracy of the frequency functions under steady state conditions,
the injected characteristic quantity shall be a sinusoid of rated voltage amplitude and its
frequency should be varied according to the test requirements. During transitions, the injected
signal shall be continuous, with no step change in its phase angle or magnitude, except in its
frequency, unless otherwise specified. It is allowed to adjust the voltage level to keep within
the withstand requirements of voltage inputs related to the rated volt/hertz level. If the
frequency functions are based on phase current, the same test methodology shall be followed,
and the test conditions shall be fully described in the type test report.

Several functional tests described in Clause 6 are based on waveform signals with a constant
frequency slope. The equation of these test waveforms is specified in the normative Annex A.
When the test signal is based on a COMTRADE file (or other binary format test files) and
replayed using a test device, the sampling frequency of the test waveform shall be at least
4 800 Hz. The sampling rate shall meet the Nyquist criteria depending on frequency content of
tested signals.

The sampling frequency of 4 800 Hz is based on the preferred sampling rate defined for
instrument transformers with a digital interface (IEC 61869-9). The sample rate of 4 000 Hz is
authorized for legacy equipment, according to Table 902 in IEC 61869-9:2016.

In 6.1 to 6.7, the test settings to be used are expressed as a percentage of the available
setting range.
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