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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/Figure/
Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
MEASURING RELAYS AND PROTECTION EQUIPMENT – 

 
Part 167: Functional requirements for directional overcurrent 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. 

IEC 60255-167 has been prepared by IEC technical committee 95: Measuring relays and 
protection equipment. It is an International Standard. 

This standard, together with IEC 60255-132, cancels and replaces the standard IEC 60255-12 
published in 1980. This standard constitutes a technical revision.  

This edition includes the following significant technical changes with respect to the previous 
edition: 

a) Covered directional overcurrent protection function, a combination of directional 
characteristic and overcurrent characteristic, other than the function measuring 
displacement angle (direction) only. 

b) Defined polarizing quantity for direction discrimination, which is not limited to voltage.  

c) Specified in detail the characteristic and the performance of the function and corresponding 
test methodologies. 
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d) Considered digitally interfaced protection function. 

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

FDIS Report on voting 

XX/XX/FDIS XX/XX/RVD 

 

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

The language used for the development of this International Standard is English. 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at http://www.iec.ch/standardsdev/publications. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be  

 reconfirmed, 
 withdrawn, 
 replaced by a revised edition, or 
 amended. 

 

The National Committees are requested to note that for this document the stability date 
is 20XX. 

THIS TEXT IS INCLUDED FOR THE INFORMATION OF THE NATIONAL COMMITTEES AND WILL BE DELETED 
AT THE PUBLICATION STAGE. 
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MEASURING RELAYS AND PROTECTION EQUIPMENT – 1 

 2 

Part 167: Functional requirements for directional overcurrent protection  3 

 4 

 5 

 6 

1 Scope 7 

This part of IEC 60255 specifies the minimum requirements for functional and performance 8 
evaluation of a.c. directional overcurrent protection functions, which will operate at a desired 9 
value of a.c. overcurrent flowing in a predetermined direction with relevant phasor as direction 10 
reference. Such an a.c. directional overcurrent protection function is a combination of 11 
directional characteristic and overcurrent characteristic, and the latter is specified in IEC 60255-12 
151. This document also defines how to document and publish performance test results.  13 

The document covers single-phase, three-phase, positive-sequence, negative-sequence, zero-14 
sequence, residual, or neutral directional overcurrent protection functions with more than one 15 
input energizing quantity including electric current(s) and voltage(s) either hardwired from 16 
instrument transformers or as data over communication ports using an appropriate data 17 
communication protocol. This document also covers the directional overcurrent protection 18 
function using the wattmetric part of residual current as characteristic quantity. Specification of 19 
the protection function, measurement characteristics, directionality, start, and operate time 20 
delay characteristics are addressed. Annex A provides some commonly used operating 21 
characteristics. 22 

The test methodologies for verifying performance characteristics and accuracy are included in 23 
this document. The document identifies factors that influence the accuracy under steady state 24 
conditions and performance characteristics during dynamic conditions. 25 

The directional overcurrent protection functions covered by this standard correspond to those 26 
listed in Table 1. 27 

Table 1 – Directional overcurrent protection designations 28 

Protection function 
IEEE/ANSI C37.2  

Function Numbers 

IEC 61850-7-4  

Logical Nodes 

Single-phase directional overcurrent protection 

Three-phase directional overcurrent protection 

Positive-sequence directional overcurrent protection 

Negative-sequence directional overcurrent protection 

67 
PTOC 

RDIR+PTOC 

Zero-sequence directional overcurrent protection 

Residual directional overcurrent protection 

Neutral directional overcurrent protection 

67N 

PTOC 

RDIR+PTOC 

PSDE a 

Directional overcurrent protection function using the wattmetric part 
of residual current as characteristic quantity b 67N PSDE a 

a This LN is used for directional earth fault handling in resonant earthed (neutral) system and isolated neutral 
system.  
b For resonant earthed (neutral) system, this function is often called wattmetric directional earth fault 
protection. There are several solutions for wattmetric directional earth fault. In this standard, only those 
directional overcurrent protection functions using wattmetric part of the residual current as characteristic 
quantity are covered. 

This document does not specify the functional description of additional features often 29 
associated with directional overcurrent protection functions such as voltage transformer 30 
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supervision (VTS), current transformer supervision (CTS). Only their influence on the directional 31 
overcurrent protection function is covered in this document.  32 

This document does not cover directional overcurrent protection based on other characteristic 33 
quantities than an a.c. current phasor, such as incremental quantities, d.c. current etc. 34 

The general requirements for measuring relays and protection equipment are defined in IEC 35 
60255-1.  36 

2 Normative references 37 

The following documents are referred to in the text in such a way that some or all of their content 38 
constitutes requirements of this document. For dated references, only the edition cited applies. 39 
For undated references, the latest edition of the referenced document (including any 40 
amendments) applies. 41 

IEC 60255-1, Measuring relays and protection equipment – Part 1: Common requirements  42 

IEC 60255-151:2009, Measuring relays and protection equipment – Part 151: Functional 43 
requirements for over/under current protection 44 

IEC TS 60255-216-1:202x, Measuring Relays and Protection Equipment – Part 216-1: Digital 45 
Interface - Guidelines for Requirements and Tests for Protection Functions using digital 46 
communication as input and output 47 

IEC TR 61000-1-8:2019, Electromagnetic compatibility - Part 1-8: Phase angles of harmonic 48 
current emissions and voltages in the public supply networks - Future expectations  49 

IEC 61000-2-2:2002+AMD1:2017 CSV (Ed 2.1 2017), Electromagnetic compatibility (EMC) - 50 
Part 2-2: Environment - Compatibility levels for low-frequency conducted disturbances and 51 
signalling in public low-voltage power supply systems 52 

IEC 61000-2-4:2002, Electromagnetic compatibility (EMC) - Part 2-4: Environment - 53 
Compatibility levels in industrial plants for low-frequency conducted disturbances. 54 

IEC 61000-2-12:2003, Electromagnetic compatibility (EMC) - Part 2-12: Environment - 55 
Compatibility levels for low-frequency conducted disturbances and signalling in public medium-56 
voltage power supply systems 57 

IEC 61850-7-1:2011+AMD1:2020 CSV (Ed 2.1 2020), Communication networks and systems 58 
for power utility automation - Part 7-1: Basic communication structure - Principles and models 59 

IEC 61850-7-2:2010+AMD1:2020 CSV (Ed 2.1 2020), Communication networks and systems 60 
for power utility automation - Part 7-2: Basic information and communication structure - Abstract 61 
communication service interface (ACSI) 62 

IEC 61850-7-3:2010+AMD1:2020 CSV (Ed 2.1 2020), Communication networks and systems 63 
for power utility automation - Part 7-3: Basic communication structure - Common data classes 64 

IEC 61850-7-4:2010+AMD1:2020 CSV (Ed 2.1 2020), Communication networks and systems 65 
for power utility automation - Part 7-4: Basic communication structure - Compatible logical node 66 
classes and data object classes 67 

IEC TR 61850-7-6:2019, Communication networks and systems for power utility automation - 68 
Part 7-6: Guideline for definition of Basic Application Profiles (BAPs) using IEC 61850 69 
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IEC 61850-9-2:2011+AMD1:2020 CSV (Ed 2.1 2020), Communication networks and systems 70 
for power utility automation - Part 9-2: Specific communication service mapping (SCSM) - 71 
Sampled values over ISO/IEC 8802-3 72 

IEC/IEEE 61850-9-3:2016, Communication networks and systems for power utility automation 73 
- Part 9-3: Precision time protocol profile for power utility automation 74 

IEC 61869-9:2016, Instrument transformers - Part 9: Digital interface for instrument 75 
transformers 76 

IEEE 519-2022, IEEE Standard for Harmonic Control in Electric Power Systems 77 

3 Terms and definitions 78 

For the purposes of this document, the following terms and definitions apply. 79 

ISO and IEC maintain terminological databases for use in standardization at the following 80 
addresses:  81 

• IEC Electropedia: available at http://www.electropedia.org/ 82 

• ISO Online browsing platform: available at http://www.iso.org/obp 83 

 84 

3.1  85 
a.c. directional overcurrent protection 86 

protection intended to operate when the a.c. current flowing in a predetermined direction is in 87 
excess of a predetermined value 88 

3.2  89 
characteristic quantity 90 

electric quantity, or one of its parameters, the name of which characterizes a measuring relay 91 
or protection equipment and the values of which are the subject of accuracy requirements 92 

EXAMPLE 93 

– Current for an overcurrent or an undercurrent relay; 94 

– Frequency for a frequency relay, the input energizing quantity of which can be a voltage; 95 

– Power for a power relay, the input energizing quantities of which are current and voltage. 96 

[SOURCE: IEC 60050-447:2020, 447-07-01] 97 

3.3  98 
polarizing quantity 99 

input energizing quantity that provides a reference to determine power flow direction, fault 100 
location, etc. in a power system 101 

[SOURCE: IEC 60050-447:2020, 447-07-11] 102 

3.4  103 
displacement angle 104 
phase difference angle 105 
𝝋𝝋 106 
under sinusoidal conditions, phase difference between the voltage applied to a linear two 107 
terminal element or two-terminal circuit and the electric current in the element or circuit 108 
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[SOURCE: IEC 60050-131:2002/AMD5:2021, 131-11-48, modified – Remove Note 1 to entry]  109 

3.5  110 
characteristic angle, <of a directional overcurrent protection> 111 
maximum sensitivity angle, <of a directional overcurrent protection> 112 
𝝋𝝋𝑴𝑴𝑴𝑴𝑴𝑴 113 
the phase angle that is used to declare the directional characteristic of a directional overcurrent 114 
protection, by which the polarizing quantity shall be adjusted such that the directional detector 115 
gives maximum sensitivity in the operate zone when the current is in phase with it 116 

Note 1 to entry: For electromechanical relays with rotating disc or cup mechanisms, a directional overcurrent 117 
protection operates with maximum torque under characteristic angle, so characteristic angle is also called as the 118 
Maximum Torque Angle (MTA). 119 

3.6  120 

reset ratio 121 
ratio of a reset value to an operate value 122 

[SOURCE: IEC 60050-447:2020, 447-07-06] 123 

3.7  124 

reset hysteresis 125 
absolute value of the difference between a reset value and an operate value 126 

[SOURCE: IEC 60050-447:2020, 447-07-13] 127 

3.8  128 
block, <for a protection function> verb 129 
to suspend all the outputs while the internal processing is still going on 130 

3.9  131 

non-nominal data object 132 
a data object whose quality attribute is different from "good" as defined in Table 26 of IEC 133 
61850-7-2:2010+AMD1:2020 CSV (Ed 2.1 2020) 134 

Note 1 to entry: This means that the quality attribute of the data object (DO) is "questionable", “reserved” or "invalid" 135 
as defined in Table 26 of IEC 61850-7-2:2010+AMD1:2020 CSV (Ed 2.1 2020). 136 

3.10  137 

missing sampled value 138 
sampled value expected by a subscribing function which is received out of sequence or not 139 
received in a specified time delay  140 

Note 1 to entry: The criteria for a Sample Value to be considered as missing are defined in Subclause 8.4.6.11 of 141 
IEC TS 60255-216-1:202x. 142 

[SOURCE: IEC TS 60255-216-1:202x, 3.9] 143 

3.11  144 

time multiplier setting 145 

TMS  146 
setting which describes an adjustable factor that may be provided by a relay manufacturer which 147 
is applicable to the theoretical curve of time versus characteristic quantity 148 

Note 1 to entry: Its purpose is to allow adjustment of the relay operating times. This adjustable TMS factor is usually 149 
expressed in “per unit”. The preferred reference setting of TMS for declaration of relay characteristic is 1,0. 150 

[SOURCE: IEC 60255-151:2009, 3.10] 151 
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3.12  152 

setting value (start value) of the characteristic quantity  153 

GS  154 
reference value used for the definition of the theoretical curve of time versus characteristic 155 
quantity 156 

[SOURCE: IEC 60255-151:2009, 3.3] 157 

3.13  158 
critical impulse time, <of a measuring relay or protection equipment> 159 

for a measuring relay or protection equipment in reset condition, the longest duration a specified 160 
change in the input energizing quantity(ies), which will cause it to operate, can be applied 161 
without switching 162 

[SOURCE: IEC 60050-447:2020, 447-05-09] 163 

3.14  164 
overshoot time 165 
difference between the operate time of a measuring relay or protection equipment at the 166 
specified value of the characteristic quantity and the critical impulse time 167 

[SOURCE: IEC 60050-447:2020, 447-05-12] 168 

3.15  169 
transient overreach 170 
measure of the effect of the d.c. component of a waveform on the start signal of the functional 171 
element 172 

Note 1 to entry: Generally, this d.c. component will result in the relay reaching further than the setting should permit, 173 
or specifically in the terms of an overcurrent relay, starting at a value of a.c. current below the set threshold. 174 

[SOURCE: IEC 60255-151:2009, 3.13] 175 

4 Specification of the function 176 

4.1 General 177 

An example of the directional overcurrent protection function with its inputs, outputs, measuring 178 
element, time delay characteristics and functional logic is shown in Figure 1. The manufacturer 179 
shall provide the functional block diagram of the specific implementation. 180 
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Figure 1 – Simplified protection functional block diagram  181 

4.2 Input energizing quantities, characteristic quantity and polarizing quantity 182 

4.2.1 Input energizing quantities 183 

The protection function documentation shall state the type of input energizing quantities used 184 
by the protection function. For example: 185 

– single or three-phase current(s):  𝐼𝐼𝐿𝐿1(, 𝐼𝐼𝐿𝐿2, 𝐼𝐼𝐿𝐿3); 186 

– residual current (𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟) or neutral current (𝐼𝐼neu); 187 

– single or three phase-to-earth voltage(s): 𝑈𝑈𝐿𝐿1(,𝑈𝑈𝐿𝐿2,𝑈𝑈𝐿𝐿3); 188 

– multiple phase-to-phase voltage(s): 𝑈𝑈𝐿𝐿1𝐿𝐿2(, 𝑈𝑈𝐿𝐿3𝐿𝐿2); 189 

– residual voltage: 𝑈𝑈res. 190 

Ratings and relevant requirements of input energizing quantities are specified in IEC 60255-1. 191 

4.2.2 Characteristic quantity 192 

The manufacturer shall specify to the extent required for proper application and testing which 193 
quantities are used for the operation of the directional overcurrent protection elements. 194 
Examples of characteristic quantities are: 195 

– phase current(s):  𝐼𝐼𝐿𝐿1(, 𝐼𝐼𝐿𝐿2, 𝐼𝐼𝐿𝐿3); 196 

– positive sequence current: 𝐼𝐼1; 197 

– negative sequence current: 𝐼𝐼2; 198 

– zero sequence current (𝐼𝐼0), residual current (𝐼𝐼res), or neutral current (𝐼𝐼neu); 199 

– wattmetric part of the residual current: Ires*cos(φ); 200 

– ang combination of currents as defined by the manufacturer. 201 

The type of measurement of the energizing quantity shall be stated. Examples are: 202 

– RMS value of the current; 203 

– RMS value of the fundamental component of the current.  204 
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4.2.3 Polarizing quantity 205 

Different polarizing quantity may be used according to the design and/or user’s configuration 206 
(settings). If applicable, the manufacturer shall describe the characteristic for each kind of 207 
polarizing quantity and give recommendation for selection according to the application. 208 
Examples of polarizing quantities are: 209 

– phase-to-earth voltage(s): 𝑈𝑈𝐿𝐿1(,𝑈𝑈𝐿𝐿2,𝑈𝑈𝐿𝐿3); 210 

– phase-to-phase voltage(s): 𝑈𝑈𝐿𝐿1𝐿𝐿2(, … ); 211 

– positive sequence voltage: 𝑈𝑈1; 212 

– negative sequence voltage: 𝑈𝑈2; 213 

– zero sequence voltage (𝑈𝑈0), or residual voltage (𝑈𝑈res); 214 

– any combination of voltages as defined by the manufacturer; 215 

– memorized quantities of the above ones. 216 

NOTE  A current different from the characteristic quantity can be taken as polarizing quantity for direction 217 
discrimination as well. For example, in a solidly earthed (neutral) system, during an earth fault, a current will flow 218 
through the earthed neutral of the power transformer, which can be used as reference for comparison against the 219 
currents flowing in feeders to determinate the fault direction. 220 

4.2.4 Connection 221 

Input energizing quantities can be presented to the directional overcurrent protection either 222 
hardwired from instrument transformers or as data received over communication ports using an 223 
appropriate data communication protocol, such as IEC 61850-9-2 or, more specifically, IEC 224 
61869-9, which is a profile of IEC 61850-9-2.  225 

When instrument transformers are used, any constraints regarding the accuracy class (e.g. 226 
class P or class M CT secondary winding), their connection (star or delta), earthing of the 227 
secondary windings and all relevant settings shall be specified by the manufacturer. The 228 
manufacturer shall describe the assumed reference direction for forward and reverse direction 229 
discrimination.  230 

NOTE  Correct connection of the instrument transformers is essential for the correct operation of the directional 231 
overcurrent protection. Although in some relays, one can change the polarity of current input by setting or 232 
configuration, miswiring (therefore incorrect polarity) should be avoided. 233 

When the input energizing quantity is a data packet received via a communication port(s) using 234 
a suitable communication protocol (such as IEC 61869-9, a profile of IEC 61850-9-2), the 235 
technical data, the functional description and all relevant settings shall be specified by the 236 
manufacturer. See C.2.1 for further information. 237 

4.3 Binary input signals 238 

If any binary input signals (externally or internally driven) are used, their influence on the 239 
directional overcurrent protection function shall be clearly described on the functional logic 240 
diagram. An additional textual description may also be provided if this can further clarify the 241 
functionality of the input signals and their intended usage. 242 

Binary input signals to this function may emanate from a number of different sources. For 243 
example: 244 

– traditionally wired to physical inputs (typically optically isolated); 245 

– via a communication port from external devices (e.g., using IEC 61850 GOOSE signals, see 246 
C.2.2); 247 

– via internal logical connections from other functional elements within the relay;  248 

– via internal logic within the directional overcurrent protection element. 249 

The method of receiving the signal is largely irrelevant except to conform to operational 250 
requirements.  251 
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Definitions, ratings and standards for binary input signals are specified in IEC 60255-1. 252 

4.4 Functional logic  253 

4.4.1 Operate characteristics 254 

4.4.1.1 General 255 

Directional overcurrent protection will operate if its characteristic quantity falls into the 256 
predetermined direction and increases to reach the operate value for a duration longer than the 257 
required duration.  258 

4.4.1.2 Direction discrimination and overcurrent threshold  259 

Table 2 specifies two typical types of operate characteristics in the form of formulas. TYPE II is 260 
applicable to the directional overcurrent protection function using the wattmetric part of residual 261 
current as characteristic quantity and TYPE I is applicable to the other directional overcurrent 262 
protection functions.  263 

Table 2 – Operate characteristics of directional overcurrent protection 264 

Characteristic 
type 

Direction discrimination 
Overcurrent threshold 

Forward direction Reverse direction 

TYPE I FRUMSAopFRL ϕϕϕϕ <−<−  RRUMSAopRRL ϕϕϕϕ <−<−  
SGopS >  

TYPE II FRUMSAopFRL ϕϕϕϕ <−<−  RRUMSAopRRL ϕϕϕϕ <−<−  
SRCAopop GcosS >−∗ ）（ ϕϕ  

Key 

𝑆𝑆𝑜𝑜𝑜𝑜:      amplitude of characteristic quantity; 

𝐺𝐺𝑆𝑆:       setting value (start value) of the characteristic quantity; 

𝜑𝜑𝑜𝑜𝑜𝑜:     phase angle of characteristic quantity with reference to polarizing quantity; 

𝜑𝜑𝑀𝑀𝑀𝑀𝐴𝐴:   characteristic angle (maximum sensitivity angle); 

𝜑𝜑𝐹𝐹𝐹𝐹𝐹𝐹:    lower limit of phase angle range of characteristic quantity in forward direction; 

𝜑𝜑𝐹𝐹𝐹𝐹𝐹𝐹:   upper limit of phase angle range of characteristic quantity in forward direction; 

𝜑𝜑𝑅𝑅𝑅𝑅𝑅𝑅:    lower limit of phase angle range of characteristic quantity in reverse direction; 

𝜑𝜑𝑅𝑅𝑅𝑅𝑅𝑅:   upper limit of phase angle range of characteristic quantity in reverse direction. 

NOTE  Generally 𝜑𝜑𝑀𝑀𝑀𝑀𝐴𝐴 = 180𝑜𝑜 for Type II characteristic, well other characteristic angles are possible, e.g. - 90° 
to detect capacitive current in isolated neutral system, See Figure A.2. 

The characteristic angle 𝜑𝜑𝑀𝑀𝑀𝑀𝑀𝑀  and 𝜑𝜑𝐹𝐹𝐹𝐹𝐹𝐹 , 𝜑𝜑𝐹𝐹𝐹𝐹𝐹𝐹 , 𝜑𝜑𝑅𝑅𝑅𝑅𝑅𝑅 ,𝜑𝜑𝑅𝑅𝑅𝑅𝑅𝑅  may be either fixed or settable 265 
independently. For Type I characteristic, typically 𝜑𝜑𝐹𝐹𝐹𝐹𝐹𝐹 = 𝜑𝜑𝐹𝐹𝐹𝐹𝐹𝐹 = 90𝑜𝑜,𝜑𝜑𝑅𝑅𝑅𝑅𝑅𝑅 = 𝜑𝜑𝑅𝑅𝑅𝑅𝑅𝑅 = 90𝑜𝑜, but it 266 
is possible that 𝜑𝜑𝐹𝐹𝐹𝐹𝐹𝐹 ≠ 𝜑𝜑𝐹𝐹𝐹𝐹𝐹𝐹 ,𝜑𝜑𝑅𝑅𝑅𝑅𝑅𝑅 ≠ 𝜑𝜑𝑅𝑅𝑅𝑅𝑅𝑅 , 𝑎𝑎𝑎𝑎𝑎𝑎/𝑜𝑜𝑜𝑜 𝜑𝜑𝐹𝐹𝐹𝐹𝐹𝐹 + 𝜑𝜑𝐹𝐹𝐹𝐹𝐹𝐹 < 180𝑜𝑜,𝜑𝜑𝑅𝑅𝑅𝑅𝑅𝑅 + 𝜑𝜑𝑅𝑅𝑅𝑅𝑅𝑅 < 180𝑜𝑜. 267 

Figure 2 and Figure 3 show examples of the two types of operate characteristics in current 268 
phasor plane. In Figure 2, to be generic, it is demonstrated that  𝜑𝜑𝐹𝐹𝐹𝐹𝐹𝐹 + 𝜑𝜑𝐹𝐹𝐹𝐹𝐹𝐹 < 180𝑜𝑜 ,𝜑𝜑𝑅𝑅𝑅𝑅𝑅𝑅 +269 
𝜑𝜑𝑅𝑅𝑅𝑅𝑅𝑅 < 180𝑜𝑜. In Figure 3, 𝜑𝜑𝑀𝑀𝑀𝑀𝐴𝐴 = 180𝑜𝑜 is assumed for Type II characteristic. 270 
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(a) The characteristic quantity of forward direction element leads the polarizing quantity ( o
MSA_FWD

0>ϕ ) 

 

(b) The characteristic quantity of forward direction element lags the polarizing quantity ( o
MSA_FWD

0<ϕ ) 
Key 

𝑆𝑆𝑜𝑜𝑜𝑜    phasor of characteristic quantity; 

𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝   phasor of polarizing quantity; 

𝐺𝐺𝑆𝑆      setting value (start value) of the characteristic quantity; 

𝜑𝜑𝑀𝑀𝑀𝑀𝐴𝐴_𝐹𝐹𝐹𝐹𝐹𝐹 characteristic angle for forward direction element; 

𝜑𝜑𝑀𝑀𝑀𝑀𝐴𝐴_𝑅𝑅𝑅𝑅𝑅𝑅   characteristic angle for reverse direction element; 

𝜑𝜑𝐹𝐹𝑅𝑅𝑅𝑅   lower limit of phase angle range of characteristic quantity in forward direction; 

𝜑𝜑𝐹𝐹𝑅𝑅𝑅𝑅   upper limit of phase angle range of characteristic quantity in forward direction; 

𝜑𝜑𝑅𝑅𝑅𝑅𝑅𝑅   lower limit of phase angle range of characteristic quantity in reverse direction; 

𝜑𝜑𝑅𝑅𝑅𝑅𝑅𝑅   upper limit of phase angle range of characteristic quantity in reverse direction. 
 

Operate area 

Figure 2 – Operate characteristic example (TYPE I) 271 
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(a) with symmetrical angular limit 

 

(b) with asymmetrical angular limit 
Key 
𝑆𝑆𝑜𝑜𝑜𝑜    phasor of characteristic quantity; 

𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝   phasor of polarizing quantity; 

𝐺𝐺𝑆𝑆   setting value (start value) of the characteristic quantity; 

𝜑𝜑𝑀𝑀𝑀𝑀𝐴𝐴_𝐹𝐹𝐹𝐹𝐹𝐹  characteristic angle for forward direction element; 

𝜑𝜑𝑀𝑀𝑀𝑀𝐴𝐴_𝑅𝑅𝑅𝑅𝑅𝑅  characteristic angle for reverse direction element; 

𝜑𝜑𝐹𝐹𝐹𝐹𝐹𝐹   lower limit of phase angle range of characteristic quantity in forward direction; 

𝜑𝜑𝐹𝐹𝐹𝐹𝐹𝐹   upper limit of phase angle range of characteristic quantity in forward direction; 

𝜑𝜑𝑅𝑅𝑅𝑅𝑅𝑅   lower limit of phase angle range of characteristic quantity in reverse direction; 

𝜑𝜑𝑅𝑅𝑅𝑅𝑅𝑅   upper limit of phase angle range of characteristic quantity in reverse direction 
 

operate area 
NOTE  Generally 𝜑𝜑𝑀𝑀𝑀𝑀𝐴𝐴 = 180𝑜𝑜 for forward direction element with Type II characteristic, well other characteristic 
angles are possible, e.g. - 90° to detect capacitive current in isolated neutral system, See Figure A.2.  

Figure 3 – Operate characteristic example (TYPE II) 272 
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If 𝜑𝜑𝐹𝐹𝐹𝐹𝐹𝐹 = 𝜑𝜑𝐹𝐹𝐹𝐹𝐹𝐹 , 𝜑𝜑𝑅𝑅𝑅𝑅𝑅𝑅 = 𝜑𝜑𝑅𝑅𝑅𝑅𝑅𝑅, the characteristic quantity at characteristic angle is the centreline of 273 
operate area (in line with the bisector of the angle formed by directional lines).  274 

In certain circumstances, overcurrent threshold is fulfilled but neither forward direction nor 275 
reverse direction can be discriminated (unknown direction). The manufacturer shall declare the 276 
response of the protection function in this case, together with all relevant settings and their 277 
meanings, as well as the usage of the settings. 278 

4.4.1.3 Time characteristic 279 

The time characteristic defines the operate time which is the duration between the instant when 280 
the characteristic quantity falls into the predetermined direction together with its value crosses 281 
the operate value and the instant when the protection function operates. 282 

The relationship between operate time and characteristic quantity may be expressed by means 283 
of a characteristic curve. The shape of this curve shall be declared by the manufacturer by a 284 
formula (preferred) or by graphical means.  285 

This standard specifies two types of characteristics, which are defined in Subclause 4.4.1.2 and 286 
4.4.1.3 of IEC 60255-151:2009 respectively: 287 

– Independent time characteristic (i.e. definite time delay); 288 

– Dependent time characteristic (i.e. inverse time delay). 289 

Independent time characteristic is applicable to both TYPE I operate characteristic and TYPE 290 
II operate characteristic. Dependent time characteristic is applicable to TYPE I operate 291 
characteristic only. There are six curves denoted as A, B, C, D, E and F, as defined in Annex 292 
A of IEC 60255-151:2009. The manufacturer shall declare which of these curves are 293 
implemented. 294 

NOTE  Dependent time characteristic (i.e. inverse time delay), in which the operate time is inversely proportional to 295 
the applied fault current, is not necessary for TYPE II operate characteristic, which is adopted to handle earth fault 296 
in resonant earthed (neutral) system, where earth fault is not an emergent event.  297 

4.4.2 Reset characteristics 298 

To allow users to determine the behaviour of the protection function in the event of repetitive 299 
intermittent faults or for faults which may occur in rapid succession, the protection function reset 300 
characteristics shall be defined by the manufacturer. 301 

When either direction discrimination or overcurrent threshold does not meet the operate criteria 302 
listed in Table 2, then a reset process starts. Different reset characteristics may be used 303 
depending upon the settings on the function and whether the element has completed operation 304 
or not. The recommended reset characteristics are defined in Subclause 4.4.2 of IEC 60255-305 
151:2009. These reset options can apply to both dependent and independent time protection 306 
functions. 307 

4.5 Binary output signals 308 

4.5.1 General 309 

Binary output signals from this function may be available in a number of different forms. For 310 
example: 311 

– traditionally wired from physical relay output contacts; 312 

– via a communication port to external devices (e.g. using IEC 61850 GOOSE signals, see 313 
C.2.2); 314 

– via internal logical connections to other functional elements within the relay; 315 

– via internal logical connections within the directional overcurrent protection element. 316 
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4.5.2 Start (pickup) signals 317 

The start signal is the output of measuring and threshold elements, with or without any 318 
additional verification of valid operate conditions but generally without any intentional time delay.  319 

NOTE  Start signal of a directional overcurrent protection applied for earth fault handling in resonant earthed (neutral) 320 
system and isolated neutral system can have a settable time delay. For more information, see the logical node of 321 
sensitive directional earth fault (PSDE) defined in 6.11.17 of IEC 61850-7-4:2010+AMD1:2020 CSV. 322 

In the context of directional overcurrent protection, the start signal occurs when the measured 323 
current is determined by measuring and threshold element to fall into the predetermined 324 
direction and to be beyond the value required for operation on the operate characteristic.  325 

As an umbrella term, start signal can include the following individual signals: 326 

– general start signal; 327 

– general direction signal – forward, reverse, both or unknown; 328 

– phase-segregated start signals; 329 

– phase-segregated direction signals – forward, reverse or unknown; 330 

– zero-sequence, residual, or neutral protection start signal; 331 

– zero-sequence, residual, or neutral protection direction signal – forward, reverse or 332 
unknown. 333 

NOTE  For a multi-phase a.c. directional overcurrent protection function, if all the three individual phase elements 334 
show different directions, the general direction signal will indicate both forward and reverse direction. For more 335 
information, see directional protection indication information (ACD) defined in 7.3.7 of IEC 61850-7-336 
3:2010+AMD1:2020 CSV. 337 

The manufacturer shall specify to the extent required for proper application and testing the 338 
information about the start signals, including the characteristic and logic used for the starting 339 
element, required setting parameters, meaning and usage of settings, and output signals 340 
asserted by the function. 341 

If a start signal is not provided, the manufacturer shall give information on how to carry out the 342 
tests related to the start signal as defined in Clause 6. 343 

4.5.3 Operate (trip) signals 344 

The operate(trip) signal is the output of measuring and threshold elements, after completion of 345 
any additional verification algorithms to confirm valid operate conditions and completion of any 346 
intentional operating time delay. In the case of instantaneous elements, this signal may occur 347 
at the same time as the start signal (if provided). 348 

Each operate (trip) signal may associate with forward or reverse directional overcurrent 349 
protection function fixedly, or in a configurable way, according to the user’s settings. 350 

4.5.4 Other output signals 351 

If any other binary output signals are available for use, their method of operation shall be clearly 352 
shown on the functional logic diagram provided by the manufacturer. Additional textual 353 
description may also be provided in the product documentation if this can further clarify the 354 
functionality of the output signal and its intended usage. 355 

4.6 Additional influencing functions and conditions 356 

4.6.1 General 357 

The following conditions may affect the behaviour of the directional overcurrent protection 358 
function. These conditions can be detected by additional function elements which then interact 359 
with the directional overcurrent protection relay through external inputs or signals from internal 360 
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functional elements in predefined ways, e.g. block directional overcurrent protection when loss 361 
of voltage. The manufacturer shall describe the behaviour of the directional overcurrent 362 
protection function during the following conditions. 363 

4.6.2 Input energizing quantity failure  364 

Loss of one or several input energizing quantities without an equivalent loss of respective 365 
primary voltage or current signal(s) is called input energizing quantity failure. This event can 366 
cause directional overcurrent protection function to malfunction, so such an event shall be 367 
therefore detected and handled correctly.  368 

For relays with analogue inputs, input energizing quantity failure detection can be implemented 369 
internally to the directional overcurrent protection relay by voltage transformer supervision (VTS) 370 
and current transformer supervision (CTS), or it can be an external device in which case the 371 
input energizing quantity failure signal is transmitted by energizing a relay binary input signal 372 
or via communication between the input energizing quantity failure detection relay and the 373 
directional overcurrent protection relay.  374 

When the input energizing quantity is a data packet received via a communication port(s) using 375 
a suitable communication protocol (such as IEC 61869-9, a profile of IEC 61850-9-2), relevant 376 
standards may apply on input energizing quantity failure detection, which shall be declared by 377 
the manufacturer. See C.2.1 for further information. 378 

When an input energizing quantity failure happens, an alarm may be issued by the function. 379 
Particularly, when loss of voltage signal happens, the directional overcurrent protection function 380 
which takes voltage as polarizing quantity may be blocked, shift to an alternative polarizing 381 
quantity, or convert to a non-directional overcurrent protection function for a moment according 382 
to the user’s configuration (settings). 383 

The manufacturer shall declare the behaviour of the directional overcurrent protection function 384 
under an input energizing quantity failure and, if any special techniques are used to prevent 385 
maloperation, details of any settings relevant to its use shall be provided along with guidance 386 
on its usage. 387 

4.6.3 Failure of binary input signal received via a communication port 388 

When the binary input signals are received via a communication port from external devices (e.g. 389 
using IEC 61850 GOOSE signals), relevant standards may apply on binary input signal failure 390 
detection, which shall be declared by the manufacturer. 391 

The manufacturer shall declare the behaviour of the directional overcurrent protection function 392 
in the event of failure of binary input signal and, if any special techniques are used to prevent 393 
maloperation, details of any settings relevant to its use shall be provided along with guidance 394 
on its usage. 395 

See C.2.2 for further information. 396 

5 Performance specification 397 

5.1 General 398 

Since this document specifies the minimum requirements for directional overcurrent protection, 399 
only the performance specifications appropriate to meet these minimum requirements are 400 
considered and presented here. The document also defines how the performance related to 401 
these minimum requirements shall be documented by the manufacturer. 402 
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5.2 Effective and operating ranges 403 

Table 3 shows, with an example, how effective range and operating range shall be declared by 404 
the manufacturer. According to the technology employed for the acquisition and the processing 405 
of the analogue signals, the range can differ from Table 3, where the values are given as an 406 
example to indicate the format of the data. The effective and operating range shall be declared 407 
by the manufacturer and the data shall be published in accordance with the format given by 408 
Table 3. The behaviour of the directional overcurrent protection outside the effective range shall 409 
be declared by the manufacturer. 410 

Table 3 – Example of effective and operating ranges of directional overcurrent 411 
protection  412 

Quantity  Effective range Operating range 

Current  0,5 % to 1 000 % of rated current 0,2 % to 4 000 % of rated current  

Voltage 5 % to 150 % of rated voltage 2 % to 200 % of rated voltage 

Frequency deviation a 

-5 % to +5 % of nominal frequency -10 % to +10 % of nominal frequency 

47,5 Hz to 52,5 Hz 45,0 Hz to 55,0 Hz 

57,0 Hz to 63,0 Hz 54,0 Hz to 66,0 Hz 
a For applications where the system frequency is constant, the effective and operating ranges shall 
be declared as relative values. For applications where the system frequency is not constant, e.g. 
generators, variable frequency drives, the ranges shall be declared in absolute values (Hz). Additional 
frequency ranges may be declared if frequency tracking is available. 

For protection function with digital inputs, see C.3.1 for further information. 413 

5.3 Basic characteristic accuracy  414 

5.3.1 General 415 

The purpose of 5.3 is to provide a measure of the basic accuracy under steady state conditions. 416 
The test methods that shall be used for this assessment are described in 6.2 and the 417 
manufacturer shall declare the specific method used. 418 

5.3.2 Accuracy related to the characteristic quantity and direction determination 419 

The manufacturer shall declare the accuracy related to the characteristic quantity and to the 420 
determination of the direction as well as  a range of setting values over which it is applicable, 421 
following the relevant tests specified respectively in 6.2.1 for the TYPE I operate characteristic 422 
and 6.2.2 for the TYPE II operate characteristic. The manufacturer shall also declare the 423 
behaviour of the function over the declared operating range. Particularly, the manufacturer shall 424 
declare the performance of the element under high fault current conditions (at thermal short-425 
time withstand limit such as current =100 × rated current). In addition, for dependent time 426 
electromechanical relays, the minimum operating value GT for which the function is guaranteed 427 
to operate shall not be more than 1,3 times the setting value GS.  428 

The accuracy related to the characteristic quantity shall be declared with a relative value with 429 
respect to the setting value, together with a fixed maximum absolute error (when this may 430 
exceed the percentage value), whichever is greater. The accuracy related to the direction 431 
determination shall be declared with a fixed maximum absolute error. For example: 432 

– Accuracy of overcurrent threshold, ±0.5% or ±0.1A, whichever is greater; 433 

– Accuracy related to the direction determination, ±2o. 434 

The reset ratio or reset hysteresis of the characteristic quantity and direction determination 435 
shall be declared by the manufacturer. For example: 436 

– Overcurrent threshold, reset ratio = 85%;  437 

– Overcurrent threshold, reset hysteresis = 5 mA; 438 
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– Overcurrent threshold, reset hysteresis = 5% of Gs; 439 

– reset hysteresis of direction determination = 5o. 440 

For a protection function with digital input, see C.3.2. 441 

5.3.3 Start time and operate time delay setting 442 

The maximum and average of start time shall be published by the manufacturer as a result of 443 
relevant tests specified in Subclause 6.2.3. 444 

The accuracy of the operate time delay setting shall be published by the manufacturer in the 445 
way as defined in Subclause 5.2 of IEC 60255-151:2009 as a result of relevant tests specified 446 
in Subclause 6.2.3. 447 

The manufacturer shall declare if the internal measurement time of the characteristic quantity 448 
and the output contact operation time is included in the operate time delay setting or if it is in 449 
addition to the operate time delay setting. 450 

For digitally interfaced protection functions, see C.3.3. 451 

5.3.4 Reset time 452 

The reset time shall be published by the manufacturer in the way as defined in Subclause 5.3 453 
of IEC 60255-151:2009 as a result of relevant tests specified in Subclause 6.2.4. 454 

The manufacturer shall declare if compensation of the internal measurement time is included 455 
in the reset time setting or if it is in addition to the reset time setting. 456 

5.4 Performance with load harmonics 457 

Non-linear load conditions or nearby presence of a converter create the presence of harmonics 458 
superimposed on the fundamental component of the voltages and currents measured by the 459 
a.c. directional overcurrent protection function.  460 

Performance with load harmonics is influenced by several factors, such as filtering circuit and/or 461 
filtering algorithm, calculation of characteristic quantity and polarizing quantity, directional 462 
discrimination, etc. 463 

The manufacturer shall declare the behaviour of single-phase, three-phase, positive-sequence, 464 
and negative-sequence directional overcurrent protection functions when superimposed 465 
harmonics are present on the load, according to the tests described in 6.3. 466 

5.5 Behaviour during voltage outside of the effective range but inside the operating 467 
range 468 

When voltage signal is used as polarizing quantity for direction determination, it is important to 469 
understand the behaviour of the directional overcurrent protection functions when the voltage 470 
is outside of the effective range but inside the operating range. Manufacturers shall declare the 471 
behaviour of the directional overcurrent protection functions when the voltage is outside of the 472 
effective range but inside the operating range, according to the tests described in Subclause 473 
6.4. 474 

Particularly, behaviour of single-phase, three-phase and positive-sequence directional 475 
overcurrent protection functions under close-in three-phase fault (all three phase voltages are 476 
zero) shall be declared by the manufacturer. 477 

NOTE  According to the design, for close-in three-phase fault, the directional overcurrent protection function can use 478 
memorized voltage phasor(s) for direction determination. 479 
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5.6 Behaviour during frequency outside of the effective range but inside the operating 480 
range 481 

In system emergency conditions, system black start conditions or generator stop conditions, it 482 
is important to understand the behaviour of the directional overcurrent protection functions 483 
when the frequency is outside of the effective range but inside the operating range. 484 
Manufacturers shall declare the behaviour of the directional overcurrent protection functions 485 
when the frequency is outside of the effective range but inside the operating range, according 486 
to the tests described in Subclause 6.5. 487 

5.7 Overshoot time 488 

The manufacturer shall declare the overshoot time according to the tests described in 489 
Subclause 6.6. 490 

5.8 Response to time varying value of the characteristic quantity 491 

To ensure proper coordination with dependent time relays, the relay performance under time 492 
varying fault current conditions (characteristic quantity varies with time) shall be tested. The 493 
manufacturer shall declare any additional errors according to the tests described in Subclause 494 
6.7. In all cases, the additional error shall be less than 15 %. 495 

5.9 Transient overreach 496 

For independent time single-phase, three-phase, positive-sequence or negative-sequence 497 
directional overcurrent protection, the manufacturer shall declare transient overreach (See 3.15) 498 
as a percentage error of setting value (GS) based the tests described in Subclause 6.8, i.e. the 499 
effect of applying waveforms with maximum d.c. offset associated with systems having a 500 
primary time constant as shown in Table 4. 501 

Table 4 – Primary time constant for transient overreach  502 

X/R Primary time constant at 50 Hz Primary time constant at 60 Hz 

≈120 380 ms 320 ms 

≈40 130 ms 110 ms 

≈10 30 ms 30 ms 

NOTE  Transient overreach are not applicable to zero-sequence, residual or neutral directional overcurrent protection 503 
and wattmetric directional earth fault protection which are usually with a long time delay, as long time delayed 504 
directional overcurrent protection are not be influenced by d.c. offset. Furthermore, time constant in earth fault loop 505 
is quite different for system with different neutral point treatment. 506 

5.10 Performance under abnormal SV and GOOSE 507 

See 6.8.3 and C.3.4. 508 

6 Functional tests  509 

6.1 General  510 

6.1.1 Purpose of the tests 511 

This clause gives a detailed description of the tests to be performed to verify the function 512 
performance specification described in Clause 5. These tests are a mandatory part of the type-513 
tests for the protection function. These tests are not intended for field commissioning or routine 514 
tests to prove any performance of the directional overcurrent protection function for a real 515 
application.  516 

Detailed description of the test conditions and how test results shall be published in the 517 
manufacturer’s documentation are provided. This will allow the comparison of technical 518 
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requirements of the user with the protection function specifications given in the manufacturer’s 519 
documentation.  520 

These tests shall be designed in such a way as to exercise all aspects of hardware and firmware 521 
(if applicable) of the directional overcurrent protection relay. This means that injection of input 522 
energizing quantities shall be at the interface to the relay, either directly into current and voltage 523 
input terminals, or an equivalent signal at the appropriate interface. Similarly, operation shall 524 
be taken from output contacts wherever possible or equivalent signals at an appropriate 525 
interface. If for any reason it is not possible to measure the results from signal input to output, 526 
the point of application of the input energizing quantities and the signal interface used for 527 
measurement shall be declared by the manufacturer.  528 

The test method in this chapter is applicable to directional overcurrent protection functions with 529 
analogue inputs，as well as those with digital inputs unless otherwise specified. 530 

6.1.2 Injection of input energizing quantities 531 

In order to determine the accuracy of the a.c. directional overcurrent protection function under 532 
steady state conditions, the injected input energizing quantities shall be, as required, sinusoidal 533 
and of fixed frequency unless otherwise specified (e.g. performance test with load harmonics). 534 
Amplitude and phase angles are changed according to test requirements. Unless otherwise 535 
specified, tests are performed for all nominal frequencies, all rated voltages, and all rated 536 
currents of the directional overcurrent protection function.  537 

NOTE  For the tests under off-nominal frequencies, only one rated voltage and one rated current are selected, as 538 
specified in the corresponding test requirements. 539 

Depending on test requirements for individual test described in Clause 6, the significant test 540 
points of frequency and voltage shall be chosen from Table 5Table 5. 541 

Table 5 – Significant test points of frequency and voltage 542 

 Lower limit of 
operating range 

Lower limit of 
effective range 

Nominal 
value 

Upper limit of 
effective range 

Upper limit of 
operating range 

Frequency 𝑓𝑓min (𝑜𝑜𝑜𝑜) 𝑓𝑓min (𝑒𝑒𝑒𝑒𝑒𝑒) 𝑓𝑓𝑟𝑟 𝑓𝑓max (𝑒𝑒𝑒𝑒𝑒𝑒) 𝑓𝑓max (𝑜𝑜𝑜𝑜) 

Voltage 𝑉𝑉min (𝑜𝑜𝑜𝑜) 𝑉𝑉min (𝑒𝑒𝑒𝑒𝑒𝑒) 𝑉𝑉𝑟𝑟 𝑉𝑉max (𝑒𝑒𝑒𝑒𝑒𝑒) 𝑉𝑉max (𝑜𝑜𝑜𝑜) 

NOTE  Rated voltage (𝑉𝑉𝑟𝑟) for residual voltage input can be selected as the actual value of residual voltage on 
secondary side will be when a close-in single phase-to-earth fault with zero fault resistance happens under the 
condition that phase-to-neutral voltages of all the three phases are at their rated value. 

The effective range and operating range are described in Subclause 5.2.  543 

For relays with analogue inputs where the settings are in primary values, one or two current 544 
transformer ratios (depending on the number of rated secondary values being supported, e.g. 545 
1A and 5A) and one voltage transformer ratio may be selected for performing the tests. 546 

For relays with SV inputs, normal SV stream shall be injected as required unless otherwise 547 
specified. See C.4 for further information. 548 

For three-phase, positive-sequence, or negative-sequence directional overcurrent protection 549 
functions with three phase-to-earth voltage inputs and three phase current inputs, input 550 
energizing quantities shown in Formula (1) and Formula (2) apply. 551 

�
𝑈𝑈𝐿𝐿1(𝑡𝑡) = 𝑘𝑘𝑈𝑈𝑈𝑈1 ∗ √2 ∗ 𝑉𝑉𝑟𝑟 ∗ cos(2𝜋𝜋𝜋𝜋𝜋𝜋 + 𝜑𝜑𝐿𝐿1)
𝑈𝑈𝐿𝐿2(𝑡𝑡) = 𝑘𝑘𝑈𝑈𝑈𝑈2 ∗ √2 ∗ 𝑉𝑉𝑟𝑟 ∗ cos(2𝜋𝜋𝜋𝜋𝜋𝜋 + 𝜑𝜑𝐿𝐿2)
𝑈𝑈𝐿𝐿3(𝑡𝑡) = 𝑘𝑘𝑈𝑈𝑈𝑈3 ∗ √2 ∗ 𝑉𝑉𝑟𝑟 ∗ cos(2𝜋𝜋𝜋𝜋𝜋𝜋 + 𝜑𝜑𝐿𝐿3)

              
(1) 
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�
𝐼𝐼𝐿𝐿1(𝑡𝑡) = 𝑘𝑘𝐼𝐼𝐼𝐼1 ∗ √2 ∗ 𝐼𝐼𝑟𝑟 ∗ 𝑐𝑐𝑐𝑐𝑐𝑐(2𝜋𝜋𝜋𝜋𝜋𝜋 + 𝜑𝜑𝐿𝐿1 − 𝜑𝜑𝐼𝐼𝐼𝐼1)
𝐼𝐼𝐿𝐿2(𝑡𝑡) = 𝑘𝑘𝐼𝐼𝐼𝐼2 ∗ √2 ∗ 𝐼𝐼𝑟𝑟 ∗ cos(2𝜋𝜋𝜋𝜋𝜋𝜋 + 𝜑𝜑𝐿𝐿2 − 𝜑𝜑𝐼𝐼𝐼𝐼2)
𝐼𝐼𝐿𝐿3(𝑡𝑡) = 𝑘𝑘𝐼𝐼𝐼𝐼3 ∗ √2 ∗ 𝐼𝐼𝑟𝑟 ∗ cos(2𝜋𝜋𝜋𝜋𝜋𝜋 + 𝜑𝜑𝐿𝐿3 − 𝜑𝜑𝐼𝐼𝐼𝐼3)

 (2) 

Where, 552 

– 𝑈𝑈𝐿𝐿1, 𝑈𝑈𝐿𝐿2, 𝑈𝑈𝐿𝐿3 are phase-to-earth voltage inputs; 553 

– 𝐼𝐼𝐿𝐿1, 𝐼𝐼𝐿𝐿2, 𝐼𝐼𝐿𝐿3 are phase current inputs; 554 

– 𝑉𝑉𝑟𝑟 is rated value of phase-to-earth voltage; 555 

– 𝐼𝐼𝑟𝑟  is rated value of phase current; 556 

– 𝑘𝑘𝑈𝑈𝑈𝑈1, 𝑘𝑘𝑈𝑈𝑈𝑈2, 𝑘𝑘𝑈𝑈𝑈𝑈3, are voltage input amplitude factors; 557 

– 𝑘𝑘𝐼𝐼𝐼𝐼1, 𝑘𝑘𝐼𝐼𝐼𝐼2,𝑘𝑘𝐼𝐼𝐼𝐼3, are current input amplitude factors; 558 

– 𝜑𝜑𝐿𝐿1,𝜑𝜑𝐿𝐿2,𝜑𝜑𝐿𝐿3 are phase angles of phase-to-earth voltage inputs; 559 

– 𝜑𝜑𝐼𝐼𝐼𝐼1,𝜑𝜑𝐼𝐼𝐼𝐼2,𝜑𝜑𝐼𝐼𝐼𝐼3  are displacement angles, i.e. phase angle of phase current input lagging 560 
behind corresponding phase-to-earth voltage input. 561 

For single-phase directional overcurrent protection functions with single phase current input 562 
and single or three phase-to-earth voltage input(s), relevant input energizing quantities shown 563 
in Formula (1) and Formula (2) apply. 564 

Particularly, for zero-sequence or residual directional overcurrent protection function with three 565 
phase-to-earth voltage inputs (from which zero sequence voltage or residual voltage is derived) 566 
and three phase current inputs (from which zero sequence current or residual current is derived), 567 
input energizing quantities shown in Formula (1) and Formula (2) apply.  568 

NOTE  Residual current equals to sum of the phase currents, which is three times of zero sequence current. Residual 569 
voltage equals to sum of the phase-to-earth voltages, which is three times of zero-sequence voltage. 570 

For residual, or neutral directional overcurrent protection function with single voltage input 571 
(residual voltage) and single current input (residual current or neutral current), input energizing 572 
quantities shown in Formula (3) and Formula (4) apply. 573 

 𝑈𝑈𝑟𝑟𝑟𝑟𝑟𝑟(𝑡𝑡) = 𝑘𝑘𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 ∗ √2 ∗ 𝑉𝑉𝑟𝑟 ∗ cos(2𝜋𝜋𝜋𝜋𝜋𝜋 + 𝜑𝜑𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈) (3) 

 
� 𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟(𝑡𝑡) = 𝑘𝑘𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ∗ √2 ∗ 𝐼𝐼𝑟𝑟 ∗ 𝑐𝑐𝑐𝑐𝑐𝑐(2𝜋𝜋𝜋𝜋𝜋𝜋 + 𝜑𝜑𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟)
𝐼𝐼𝑛𝑛𝑛𝑛𝑛𝑛(𝑡𝑡) = 𝑘𝑘𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ∗ √2 ∗ 𝐼𝐼𝑟𝑟 ∗ 𝑐𝑐𝑐𝑐𝑐𝑐(2𝜋𝜋𝜋𝜋𝜋𝜋 + 𝜑𝜑𝐼𝐼𝑛𝑛𝑛𝑛𝑛𝑛)

 (4) 

Where, 574 

– 𝑈𝑈𝑟𝑟𝑟𝑟𝑟𝑟 is residual voltage input; 575 

– 𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟 is residual current input, and 𝐼𝐼𝑛𝑛𝑛𝑛𝑛𝑛 is neutral current input; 576 

– 𝑘𝑘𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 is amplitude factor of voltage input; 577 

– 𝑘𝑘𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 is amplitude factor of residual current input, and 𝑘𝑘𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 is amplitude factor of neutral 578 
current input; 579 

– 𝜑𝜑𝑈𝑈𝑟𝑟𝑟𝑟𝑟𝑟 is phase angle of residual voltage input; 580 

– 𝜑𝜑𝐼𝐼res is phase angle of residual current input, and  𝜑𝜑𝐼𝐼neu is phase angle of neutral current 581 
input. 582 

NOTE  Rated voltage (𝑉𝑉𝑟𝑟) for residual voltage input may be selected as the actual value of residual voltage on 583 
secondary side will be when a close-in single phase-to-earth fault with zero fault resistance happens under the 584 
condition that phase-to-neutral voltages of all the three phases are at their rated value. 585 

For zero-sequence or residual directional overcurrent protection function with single voltage 586 
input (residual voltage) and three phase current inputs (from which either zero sequence current 587 
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or residual current is derived), input energizing quantities shown in Formula (2) and Formula 588 
(3) apply. 589 

For residual, or neutral directional overcurrent protection function with three phase-to-earth 590 
voltage inputs (from which either zero sequence voltage or residual voltage is derived) and 591 
single current input (residual current or neutral current), input energizing quantities shown in 592 
Formula (1) and Formula (4) apply. 593 

Parameters of input energizing quantities under normal condition or different fault types in 594 
systems with different earthing modes are shown in Table 6. If applicable, fault type L1E, L2E, 595 
L3E, L1L2, L2L3, L3L1 and L1L2L3 shall be injected. These injections may not be realistic from 596 
the power system protection point of view, but they are very helpful for evaluating the inherent 597 
characteristic accuracy of the function. 598 

Table 6 – Parameters of input energizing quantities under normal condition and 599 
different close-in fault types in systems with different earthing modes 600 

Normal 
condition 

or fault 
type 

Three voltage inputs 
and three current 

inputs 
 
 

Formula (1), (2) 

Single voltage input 
(residual voltage) 
and single current 
input (residual or 
neutral current)  
Formula (3), (4) 

Three voltage inputs 
and single current 
input (residual or 
neutral current) 

 
Formula (1), (4) 

Single voltage input 
(residual voltage) 
and three phase 
current inputs 

 
Formula (2), (3) 

Normal 
condition a 

𝑘𝑘𝑈𝑈𝑈𝑈1 = 𝑘𝑘𝑈𝑈𝑈𝑈2 = 𝑘𝑘𝑈𝑈𝑈𝑈3 ≠ 0 

𝑘𝑘𝐼𝐼𝐼𝐼1 = 𝑘𝑘𝐼𝐼𝐼𝐼2 = 𝑘𝑘𝐼𝐼𝐼𝐼3 = 0 

𝜑𝜑𝐿𝐿2 = 𝜑𝜑𝐿𝐿1 − 120𝑜𝑜 

𝜑𝜑𝐿𝐿3 = 𝜑𝜑𝐿𝐿1 + 120𝑜𝑜 

𝑘𝑘𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 = 0 

𝑘𝑘𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = 0 or 𝑘𝑘𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = 0 

𝑘𝑘𝑈𝑈𝑈𝑈1 = 𝑘𝑘𝑈𝑈𝑈𝑈2 = 𝑘𝑘𝑈𝑈𝑈𝑈3 ≠ 0 

𝑘𝑘𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = 0 or 𝑘𝑘𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = 0 

𝜑𝜑𝐿𝐿2 = 𝜑𝜑𝐿𝐿1 − 120𝑜𝑜 

𝜑𝜑𝐿𝐿3 = 𝜑𝜑𝐿𝐿1 + 120𝑜𝑜 

𝑘𝑘𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 = 0 

𝑘𝑘𝐼𝐼𝐼𝐼1 = 𝑘𝑘𝐼𝐼𝐼𝐼2 = 𝑘𝑘𝐼𝐼𝐼𝐼3 = 0 

L1L2L3 

close-in 
fault 

𝑘𝑘𝑈𝑈𝑈𝑈1 = 𝑘𝑘𝑈𝑈𝑈𝑈2 = 𝑘𝑘𝑈𝑈𝑈𝑈3 = 0 

𝑘𝑘𝐼𝐼𝐼𝐼1 = 𝑘𝑘𝐼𝐼𝐼𝐼2 = 𝑘𝑘𝐼𝐼𝐼𝐼3 ≠ 0 

𝜑𝜑𝐿𝐿2 = 𝜑𝜑𝐿𝐿1 − 120𝑜𝑜 

𝜑𝜑𝐿𝐿3 = 𝜑𝜑𝐿𝐿1 + 120𝑜𝑜 

𝜑𝜑𝐼𝐼𝐿𝐿1 = 𝜑𝜑𝐼𝐼𝐿𝐿3 = 𝜑𝜑𝐼𝐼𝐿𝐿3 

N.A. N.A. N.A. 

L1E close-
in fault in 

solidly 
earthed 
(neutral) 
system, 

impedance 
earthed 
(neutral) 
system b 

𝑘𝑘𝑈𝑈𝑈𝑈1 = 0; 𝑘𝑘𝑈𝑈𝑈𝑈2 = 𝑘𝑘𝑈𝑈𝑈𝑈3 ≠ 0 

𝑘𝑘𝐼𝐼𝐼𝐼1 ≠ 0; 𝑘𝑘𝐼𝐼𝐼𝐼2 = 𝑘𝑘𝐼𝐼𝐼𝐼3 = 0 

𝜑𝜑𝐿𝐿2 = 𝜑𝜑𝐿𝐿1 − 120𝑜𝑜 

𝜑𝜑𝐿𝐿3 = 𝜑𝜑𝐿𝐿1 + 120𝑜𝑜 

 

𝜑𝜑𝐼𝐼𝐿𝐿1 as required. 

𝑘𝑘𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 ≠ 0 

𝑘𝑘𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ≠ 0 or 𝑘𝑘𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ≠ 0  

𝜑𝜑𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈−𝜑𝜑𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟 
= −180𝑜𝑜 + 𝜑𝜑 or, 

𝜑𝜑𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈−𝜑𝜑𝐼𝐼𝑛𝑛𝑛𝑛𝑛𝑛
= −180𝑜𝑜 + 𝜑𝜑 

𝜑𝜑 as required. 

𝑘𝑘𝑈𝑈𝑈𝑈1 = 0; 𝑘𝑘𝑈𝑈𝑈𝑈2 = 𝑘𝑘𝑈𝑈𝑈𝑈3 ≠ 0 

𝑘𝑘𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ≠ 0 or 𝑘𝑘𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ≠ 0  

𝜑𝜑𝐿𝐿2 = 𝜑𝜑𝐿𝐿1 − 120𝑜𝑜 

𝜑𝜑𝐿𝐿3 = 𝜑𝜑𝐿𝐿1 + 120𝑜𝑜 

𝜑𝜑𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = 𝜑𝜑𝐿𝐿1 − 𝜑𝜑 𝑜𝑜𝑜𝑜, 

 𝜑𝜑𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = 𝜑𝜑𝐿𝐿1 − 𝜑𝜑 

𝜑𝜑 as required. 

𝑘𝑘𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 ≠ 0 

𝑘𝑘𝐼𝐼𝐼𝐼1 ≠ 0;𝑘𝑘𝐼𝐼𝐼𝐼2 = 𝑘𝑘𝐼𝐼𝐼𝐼3 = 0 

 

 

𝜑𝜑𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 = 𝜑𝜑𝐿𝐿1 − 180𝑜𝑜 

𝜑𝜑𝐼𝐼𝐿𝐿1 as required. 

L1E close-
in fault in 
isolated 
neutral 
system, 
resonant 
earthed 
(neutral) 

system b, d 

N.A. 

𝑘𝑘𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 ≠ 0 

𝑘𝑘𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ≠ 0 

 

𝜑𝜑𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈−𝜑𝜑𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟 
= −180𝑜𝑜 + 𝜑𝜑 

𝜑𝜑 as required. 

𝑘𝑘𝑈𝑈𝑈𝑈1 = 0;𝑘𝑘𝑈𝑈𝑈𝑈2 = 𝑘𝑘𝑈𝑈𝑈𝑈3 ≠ 0 

𝑘𝑘𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ≠ 0 

𝜑𝜑𝐿𝐿2 = 𝜑𝜑𝐿𝐿1 − 150𝑜𝑜 

𝜑𝜑𝐿𝐿3 = 𝜑𝜑𝐿𝐿1 + 150𝑜𝑜 

𝜑𝜑𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = 𝜑𝜑𝐿𝐿1 − 𝜑𝜑 

𝜑𝜑 as required. 

N.A. 

L2L3 
close-in 

fault c 

𝑘𝑘𝑈𝑈𝑈𝑈1 = 2 ∗ 𝑘𝑘𝑈𝑈𝑈𝑈2 = 2 ∗ 𝑘𝑘𝑈𝑈𝑈𝑈3 

𝑘𝑘𝐼𝐼𝐼𝐼1 = 0; 𝑘𝑘𝐼𝐼𝐼𝐼2 = 𝑘𝑘𝐼𝐼𝐼𝐼3 ≠ 0 

𝜑𝜑𝐿𝐿2 = 𝜑𝜑𝐿𝐿1 − 180𝑜𝑜 

𝜑𝜑𝐿𝐿3 = 𝜑𝜑𝐿𝐿1 + 180𝑜𝑜 

 

𝜑𝜑𝐼𝐼𝐿𝐿2 = 𝜑𝜑𝐼𝐼𝐿𝐿3 − 180𝑜𝑜 

N.A. N.A. N.A. 

a Under normal condition, depending on the test requirements of the specific test in Clause 6, three voltage inputs 
can be equal to, higher than or lower than the rated value. 
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b Parameters for fault type L2E and L3E are omitted, which can be easily obtained accordingly in the same way as 
that for L1E. 

c Parameters for fault type L1L2 and L3L1 are omitted, which can be easily obtained accordingly in the same way 
as that for L2L3. 

d In isolated neutral system, only residual current input is applicable, there is no neutral current input. 

6.1.3 Monitor of binary outputs 601 

6.1.3.1 Physical hard wired binary outputs 602 

When monitored, the assertion of the start signal (if provided) or operate(trip) signal shall be 603 
affirmed (considered as valid) only if there is no chattering of the signal with several transitions 604 
high–low–high during the injection of the step.  605 

NOTE  Generally, the inherent output contact chatter is less than 4ms, a period of 5ms is sufficient to affirm the 606 
assertion of the monitored signal. 607 

An example of valid assertion of a signal is shown in Figure 4. 608 

 

Figure 4 – Example of valid assertion of a signal 609 

For the tests in which start signal shall be monitored, if start signal is not available, then 610 
operate(trip) signal with minimum operate time shall be monitored instead. 611 

6.1.3.2 Digital binary outputs 612 

For digital binary outputs, such as IEC 61850 GOOSE, no chattering at all shall be present in 613 
the transition of the start signal or operate(trip) signal, in order to be considered valid. In case 614 
start signal is not available, then an operate(trip) signal with the minimum time delay shall be 615 
used instead. 616 

6.1.4 Test Settings and configuration 617 

In the following subclauses, the test settings to be used are expressed in a percentage of the 618 
available range, with 0 % representing the minimum available setting and 100 % representing 619 
the maximum available setting. Similarly, 50 % would represent the mid-point of the available 620 
setting range. The actual setting to be used can be calculated using the following formula: 621 

 𝑆𝑆𝐴𝐴𝐴𝐴 = (𝑆𝑆𝑀𝑀𝑀𝑀𝑀𝑀 − 𝑆𝑆𝑀𝑀𝑀𝑀𝑀𝑀) ∗ 𝑋𝑋 % + 𝑆𝑆𝑀𝑀𝑀𝑀𝑀𝑀   (5) 

Where, 622 

– 𝑆𝑆𝐴𝐴𝐴𝐴  is the actual setting value to be used in the test; 623 

– 𝑆𝑆𝑀𝑀𝑀𝑀𝑀𝑀  is the maximum available setting value; 624 

– 𝑆𝑆𝑀𝑀𝑀𝑀𝑀𝑀 is the minimum available setting value; 625 

– 𝑋𝑋 % is the test point percentage value expressed in the test methodology. 626 

Sufficient test points should be used to assess the performance over the entire setting range of 627 
the protection function.  628 

Time

Si
gn
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tassertion

valid assertion
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Depending upon the technology of the protection function being tested, it may be possible to 629 
reduce the number of test points in line with the limited range and step-size of available settings. 630 
However, the test points listed should be used or the nearest available setting should be used 631 
if the exact value cannot be achieved.  632 

Additional checks shall be performed at maximum setting value selected of the characteristic 633 
quantity to ensure that the operation occurs for a current value near the short-time thermal 634 
withstand limit (such as 100 × rated current) applied to the relay. 635 

6.1.5 Test methods and procedures 636 

The proposed test methods are to be preferred. If a protection algorithm does not allow the use 637 
of the proposed approach, the manufacturer shall propose and describe an alternative test 638 
procedure and present the results in the format given in this standard.  639 

For successive test shots, before each test state is injected, a normal state shall be injected for 640 
at least 5 times of the reset time, or 200 ms, whichever is longer. 641 

The test procedures in Clause 6 are given as an example and the order of the sequence may 642 
vary. Some of the tests described in the following subclauses may be merged to optimize the 643 
test process. 644 

6.2 Basic performance test 645 

6.2.1 Direction discrimination and overcurrent threshold test of TYPE I 646 

6.2.1.1 Accuracy of characteristic quantity 647 

6.2.1.1.1 General 648 

The purpose of these tests is to determine the accuracy and the reset ratio or reset hysteresis 649 
of the setting value (GS) as described in 5.3.2. These tests are applied only to TYPE I operate 650 
characteristic as shown in Figure 2. 651 

All nominal frequencies shall be covered, and the test frequency values corresponding to each 652 
nominal frequency shall be: nominal value (𝑓𝑓𝑟𝑟), lower limit of effective range (𝑓𝑓min (𝑒𝑒𝑒𝑒𝑒𝑒)), upper 653 
limit of effective range (𝑓𝑓max(𝑒𝑒𝑒𝑒𝑒𝑒)). For the tests under nominal frequency, all the rated currents 654 
and all the rated voltages shall be covered, and the test voltage values corresponding to each 655 
rated voltage shall be: rated value (𝑉𝑉𝑟𝑟), lower limit of effective range (𝑉𝑉min (𝑒𝑒𝑒𝑒𝑒𝑒)), upper limit of 656 
effective range (𝑉𝑉max(𝑒𝑒𝑒𝑒𝑒𝑒)). For the tests under off-nominal frequencies, one rated current and 657 
one rated voltage may be selected, and the test voltage value corresponding to the selected 658 
rated voltage shall be: rated value (𝑉𝑉𝑟𝑟). The test phase angle of characteristic quantity (𝜑𝜑𝑜𝑜𝑜𝑜) 659 
shall be: 𝜑𝜑𝑀𝑀𝑀𝑀𝑀𝑀. Phase angle of current input(s) shall be kept unchanged during the ramp.  660 

For the tests under nominal frequency, at least 3 setting values of the characteristic quantity 661 
shall be covered: 0 %; 50 %; 100 %. For the tests under off-nominal frequencies, at least one 662 
setting value of the characteristic quantity shall be covered: 0 %. For settings related to direction 663 
determination, if applicable, the default ones (Case 1 in Table 7) or that suggested by the 664 
manufacturer for the most typical applications shall apply. Minimum time delay setting for 665 
operate shall apply for this test: 0 %. If intentional delay on reset is adopted, minimum time 666 
delay setting for reset shall apply: 0 %.  667 

The proposed test methods based on pseudo continuous ramp are to be preferred. However, a 668 
ramp of shots (pulse ramp) or a search algorithm with shots like a binary search described in 669 
Annex B may be used as well. 670 

6.2.1.1.2 Accuracy of setting (start) threshold 671 

A pseudo-continuous current ramp may be applied, as shown in Figure 5. 672 
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Key 
𝑘𝑘𝐼𝐼, amplitude factor of current input, expressed in per cent. 

𝑡𝑡, time, expressed in millisecond. 

𝑘𝑘𝐼𝐼_𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼, amplitude factor of initial current. 

𝑘𝑘𝐼𝐼_𝑆𝑆𝑆𝑆_𝐸𝐸, expected value of 𝑘𝑘𝐼𝐼 for the assertion of the start signal. 

𝑘𝑘𝐼𝐼_𝑆𝑆𝑆𝑆_𝑀𝑀, measured value of 𝑘𝑘𝐼𝐼 for the assertion of the start signal. 

∆𝑘𝑘𝐼𝐼, amplitude factor of current ramp step. 

∆𝒕𝒕, duration of ramp step. 
 

Figure 5 – Pseudo-continuous current ramp for operate characteristic test 673 

If applicable, the following fault types shall be covered: L1E, L2E, L3E, L1L2, L2L3, L3L1. When 674 
ramp starts, the voltage input(s) shall be changed suddenly from normal condition to 675 
corresponding faulty condition as shown in Table 6, and then remain unchanged during the ramp. 676 

The expected value of 𝑘𝑘𝐼𝐼 for the assertion of the start signal is: 677 

𝑘𝑘𝐼𝐼_𝑆𝑆𝑆𝑆_𝐸𝐸 =
𝐺𝐺𝑆𝑆
𝐼𝐼𝑟𝑟

   (6) 

The ramp starts at the initial current, which is defined by  𝑘𝑘𝐼𝐼_𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 as expressed as: 678 

𝑘𝑘𝐼𝐼_𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑘𝑘𝐼𝐼_𝑆𝑆𝑆𝑆_𝐸𝐸 ∗ (1 − 𝑘𝑘𝜎𝜎 ∗ 𝜎𝜎%)   (7) 

Where, 𝜎𝜎%  is the declared accuracy of setting (start) threshold, and 𝑘𝑘𝜎𝜎  is the multiplier 679 
coefficient to be applied to 𝜎𝜎% to ensure correct detection of the threshold. 𝑘𝑘𝜎𝜎 will be chosen 680 
such that 𝑘𝑘𝜎𝜎 ≥ 2. 681 

Each step of the current ramp shall have an increase of: 682 

𝛥𝛥𝛥𝛥𝐼𝐼 ≤ 10% ∗ 𝜎𝜎% ∗ 𝑘𝑘𝐼𝐼_𝑆𝑆𝑆𝑆_𝐸𝐸   (8) 

Each step of the current ramp shall have a duration of: 683 

Δt = MAX(200 ms;  5 times the maximum expected start time)   (9) 

During the transition between successive current steps, the injected signals shall be continuous, 684 
without step change in their phase angles. 685 

t

kI

Δt ΔkIkI_Initial

Start signal

kI_ST_M
kI_ST_E

Δt

ΔkI

Full document details: 23/30483568 DC

http://avadocuments2026.com/doc/23-30483568-dc
http://avadocuments2026.com/doc/23-30483568-dc


95/546/CD – 30 – IEC CD 60255-167  IEC 2023 

The ramp may be interrupted after the assertion of the start signal, resulting in the value of 𝑘𝑘𝐼𝐼 686 
for the assertion of the start signal, 𝑘𝑘𝐼𝐼_𝑆𝑆𝑆𝑆_𝑀𝑀.  687 

Each test shall be repeated 5 times. The values thus determined of all the tests shall be within 688 
the declared accuracy: 689 

�
𝑘𝑘𝐼𝐼_𝑆𝑆𝑆𝑆_𝑀𝑀 − 𝑘𝑘𝐼𝐼_𝑆𝑆𝑆𝑆_𝐸𝐸

𝑘𝑘𝐼𝐼_𝑆𝑆𝑆𝑆_𝐸𝐸
� ≤ 𝜎𝜎 %  (10) 

Test signal may be injected according to the example test sequence described by the flowchart 690 
shown in Figure 6. However, the repetition sequence in Figure 6 may be changed, and other 691 
test sequences may be used.  692 
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Figure 6 – Test sequence for accuracy of start value (TYPE I) 693 

Choose Rated Current
(1A/5A)

Yes Any Other
Rated Current?

Choose Test Voltage
(For all rated voltages)

(Vr, Vmax(eff), Vmin(eff))

End

Any Other
Test Voltage?

No

Yes

Choose Test Frequency
(For all nominal frequencies (50Hz/60Hz): fr, fmax(eff), fmin(eff))

Yes Any Other 
 Test Frequency?

No

Choose Settings
(Current setting: 0%, 50%, 100%)

(Direction determination setting: Default)
(Operate time delay setting: 0%)
(Reset time delay setting: 0%)

Choose Phase Angle φop
(φMSA)

Yes Any Other
Settings?

No

Repeat Test Injection, 5 Times
(Current: sudden change and ramp) 

(Voltage: sudden change and remain) 
(Phase angle: remain unchanged)

Choose Fault Type (If applicable)
(L1E, L2E, L3E, L1L2, L2L3, L3L1)

Yes Any Other
Fault Type?

No

Yes Test at 
Nominal Frequency

fr?

No

Choose Test Voltage
(Choose one rated voltage only)

(Vr)

Choose One Rated Current
(1A or 5A)

Choose Settings
(Current setting: 0%)

(Direction determination setting: Default)
(Operate time delay setting: 0%)
(Reset time delay setting: 0%)

Choose Phase Angle φop
(φMSA)

Choose Fault Type (If applicable)
(L1E, L2E, L3E, L1L2, L2L3, L3L1)

Repeat Test Injection, 5 Times
(Current: sudden change and ramp) 

(Voltage: sudden change and remain) 
(Phase angle: remain unchanged)

No

YesAny Other
Fault Type?

No
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6.2.1.1.3 Reset ratio or reset hysteresis of characteristic quantity  694 

The tests described in this Subclause are performed to verify the reset characteristic of 695 
characteristic quantity described in 4.4.2. If the test methodology is not feasible, the 696 
manufacturer shall propose and describe an alternative test procedure. 697 

A pseudo-continuous current ramp may be applied, as shown in Figure 7. 698 

  

Key 
𝑘𝑘𝐼𝐼, amplitude factor of current input, expressed in per cent. 

𝑡𝑡, time, expressed in millisecond. 

𝑘𝑘𝐼𝐼_𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼, amplitude factor of initial current. 

𝑘𝑘𝐼𝐼_𝑅𝑅𝑅𝑅𝑅𝑅_𝐸𝐸, expected value of 𝑘𝑘𝐼𝐼 for the deassertion of the start signal. 

𝑘𝑘𝐼𝐼_𝑅𝑅𝑅𝑅𝑅𝑅_𝑀𝑀, measured value of 𝑘𝑘𝐼𝐼  for the deassertion of the start signal. 

∆𝑘𝑘𝐼𝐼, amplitude factor of current ramp step. 

∆𝒕𝒕, duration of ramp step. 
 

Figure 7 – Pseudo-continuous current ramp for reset characteristic test 699 

If applicable, the following fault types shall be covered: L1E, L2E, L3E, L1L2, L2L3, L3L1. When 700 
ramp starts, the voltage input(s) shall be changed suddenly from normal condition to 701 
corresponding faulty condition as shown in Table 6, and then remain unchanged during the ramp. 702 

The expected value of 𝑘𝑘𝐼𝐼 for the deassertion of the start signal is: 703 











−

∗

=
.hysteresisresetindeclaredisaccuracyresetwhen

I
HG

.ratioresetindeclaredisaccuracyresetwhen
I

kG

k

r

RSTS

r

RSTS

E_RST_I   (11) 

Where, 𝑘𝑘𝑅𝑅𝑅𝑅𝑅𝑅 is reset ratio specified by the manufacturer, 𝑘𝑘𝑅𝑅𝑅𝑅𝑅𝑅 < 1; 𝐻𝐻𝑅𝑅𝑅𝑅𝑅𝑅 is reset hysteresis. 704 

The ramp starts at the initial current, which is defined by 𝑘𝑘𝐼𝐼_𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼: 705 

𝑘𝑘𝐼𝐼_𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 =
𝐺𝐺𝑆𝑆
𝐼𝐼𝑟𝑟
∗ (1 + 𝑘𝑘𝜎𝜎 ∗ 𝜎𝜎%)  (12) 
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