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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
MEASURING RELAYS AND PROTECTION EQUIPMENT –  

 
Part 127: Functional requirements for over/under voltage 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 60255-127 has been prepared by IEC technical committee 95: 
Measuring relays and protection equipment. 

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

CDV Report on voting 

95/254/CDV 95/261/RVC 

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

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

A list of all parts of the IEC 60255 series can be found, under the general title Measuring 
relays and protection equipment, on the IEC website. 
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The committee has decided that the contents of this publication will remain unchanged until 
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data 
related to the specific publication. At this date, the publication will be  

• reconfirmed, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 
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MEASURING RELAYS AND PROTECTION EQUIPMENT –  
 

Part 127: Functional requirements for over/under voltage protection 
 
 
 

1 Scope  

This part of IEC 60255 specifies minimum requirements for over/under voltage relays. The 
standard includes specification of the protection function, measurement characteristics and 
time delay characteristics.  

This standard 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 
standard. 

The over/under voltage functions covered by this standard are as follows: 
 
 IEEE/ANSI C37.2 

 
Function numbers 

 

IEC 61850-7-4 
 

Logical nodes 

Phase undervoltage protection 27 PTUV 

Positive sequence undervoltage protection 27D PTUV 

Phase overvoltage protection 59 PTOV 

Residual/zero-sequence overvoltage protection 59N/59G PTOV 

Negative sequence/ unbalance overvoltage protection 47 PTOV 

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

2 Normative references 

The following referenced documents are indispensable for the application 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 60044 (all parts), Instrument transformers 

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

3 Terms and definitions 

For the purposes of this document, the following terms and definition apply 

3.1  
theoretical curve of time versus characteristic quantity 
curve which represents the relationship between the theoretical specified operate time and 
the characteristic quantity 
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3.2  
curves of maximum and minimum limits of the operate time 
curves of the limiting errors on either side of the theoretical time vs. characteristic quantity 
which identify the maximum and minimum operate times corresponding to each value of the 
characteristic quantity 

3.3  
setting value (start) of the characteristic quantity 
GS 
the reference value used for the definition of the theoretical curve of time vs. characteristic 
quantity 

3.4  
start time 
duration of the time interval between the instant when the characteristic quantity of the 
measuring relay in reset condition is changed, under specified conditions, and the instant 
when the start signal asserts 

3.5  
operate time 
duration of the time interval between the instant when the characteristic quantity of a 
measuring relay in reset condition is changed, under specified conditions, and the instant 
when the relay operates 

[IEC 60050-447:2010, 447-05-05] 

3.6  
disengaging time 
duration of the time interval between the instant a specified change is made in the value of 
the input energizing quantity which will cause the relay to disengage and the instant it 
disengages 

[IEC 60050-447:2010, 447-05-10] 

3.7  
reset time 
duration of the time interval between the instant when the characteristic quantity of a 
measuring relay in operate condition is changed, under specified conditions, and the instant 
when the relay resets 

[IEC 60050-447:2010, 447-05-06] 

3.8  
overshoot time 
the difference between the operate time of the relay at the specified value of the input 
energising quantity and the maximum duration of the value of input energising quantity which, 
when suddenly reduced (for the overvoltage relay)/increased(for the undervoltage relay) to a 
specified value below(for the overvoltage relay)/above(for the undervoltage relay)  the setting 
value, is insufficient to cause operation 

3.9  
threshold of independent time operation 
GD 
the value of the characteristic quantity at which the relay operate time changes from 
dependent time operation to independent time operation 
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3.10  
reset ratio 
disengaging ratio 
ratio between the voltage value at the point where the relay just ceases to start (start signal 
changes from ON to OFF) and the actual start voltage of the element.  

NOTE It is usually defined as a percentage such that for an overvoltage element the resetting ratio shall be less 
than 100 % and for an undervoltage element the reset ratio shall be greater than 100 %. 

4 Specification of the function 

4.1 General 

The protection function with its inputs, outputs, measuring element, time delay characteristics 
and functional logic is shown in Figure 1. The manufacturer shall provide the functional block 
diagram of the specific implementation. 

 

Figure 1 – Simplified protection function block diagram 

4.2 Input energising quantities/Energising quantities 

The input energising quantities are the measuring signals, e.g. voltages. Their ratings and 
relevant standards are specified in IEC 60255-1. Input energising quantities can come with 
wires from voltage transformers or as a data packet over a communication port using an 
appropriate communication protocol (such as IEC 61850-9-2).  

The energising quantities used by the protection function need not be directly the voltage at 
the secondary side of the voltage transformers. Therefore, the measuring relay documentation 
shall state the type of energising quantities used by the protection function. Examples are: 

• single phase voltage measurement; 

• three phase voltage (phase to phase or phase to earth) measurement; 

• neutral to earth voltage or residual voltage measurement; 

• positive, negative or zero sequence voltage measurement. 

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

• RMS value of the signal; 

IEC   743/10 
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• RMS value of the fundamental component of the signal; 

• RMS value of a specific harmonic component of the signal; 

• peak values of the signal; 

• instantaneous value of the signal. 

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. Additional 
textual description may also be provided if this can further clarify the functionality of the input 
signals and their intended usage. 

4.4 Functional logic 

4.4.1 Operating characteristics 

4.4.1.1 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 by an 
equation (preferred) or by graphical means. 

This standard specifies two types of characteristics: 

• independent time characteristic (i.e. definite time delay); 

• dependent time characteristic (i.e. inverse time delay). 

The time characteristic defines the operate time which is the duration between the instant 
when the input energising quantity crosses the setting value (GS) and the instant when the 
relay operates. 

4.4.1.2 Independent time characteristic 

Independent time characteristic is defined in terms of the setting value of the characteristic 
quantity GS and the operate time top. When no intentional time delay is used then the 
independent time relay is denoted as an instantaneous relay. 

For overvoltage relays, t(G) = top when G > GS. The independent time characteristic is 
presented in Figure 2. 

  

Figure 2 – Overvoltage independent time characteristic 

IEC   744/10 
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For undervoltage relays, t(G) = top when G < GS. The independent time characteristic is 
presented in Figure 3. 

 

 

Figure 3 – Undervoltage independent time characteristic 

4.4.1.3 Standard dependent time characteristics 

For overvoltage protection, the characteristic curves of dependent time relays shall follow a 
law of the form: 

 
1

S

)(
−⎟⎟⎠

⎞
⎜⎜⎝

⎛
=

G
G

Tt G  (1) 

where: 

t(G)  is the theoretical operate time with constant value of G in seconds; 

T is the time setting (theoretical operate time for G = 2 × GS); 

G  is the measured value of the characteristic quantity; 
GS is the setting value (see 3.3). 

This dependent time characteristic is shown in Figure 4. 

IEC   745/10 
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Effective range

G

t(G)

1,2 ´ GS

GS

T

GD2GS

 

Figure 4 – Dependent time characteristic for overvoltage protection 

The effective range of the characteristic quantity for the dependent time portion of the curve 
shall lie between 1,2 × GS  and GD. The value of GD shall be stated by the manufacturer for 
the upper limit of the setting range.  

For undervoltage protection, the characteristic curves of dependent time relays shall follow a 
law of the form: 

 

⎟⎟⎠

⎞
⎜⎜⎝

⎛
−

=

S

)(
1

G
G

Tt G   (2) 

where: 

t(G)  is the theoretical operate time in seconds with constant value of G; 
T is the time setting (theoretical operate time for G = 0); 
G  is the measured value of the characteristic quantity; 
GS is the setting value (see 3.3). 

This dependent time characteristic is shown in Figure 5. 

IEC   746/10 
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Effective range

G

t(G)

GS

T

0

 

Figure 5 – Dependent time characteristic for undervoltage protection 

The effective range of the dependent time portion of the characteristic quantity shall lie 
between 0 and GS. 

Power system fault conditions can produce time varying voltages. To ensure proper 
coordination between dependent time relays under such conditions, relay behaviour shall be 
of the form described by the integration given by Equation 3. 

For G > GS (overvoltage protection) or G < GS (undervoltage protection): 

 1 =  
)(

10

0
∫

T

dt
Gt

  (3) 

where: 

T0 is the theoretical operate time where G varies with time; 

t(G) is the theoretical operate time with constant value of G in seconds; 

G  is the measured value of the characteristic quantity. 

Operate time is defined as the time instant when the integral in Equation 3 becomes equal to 
or greater than one. 

IEC   747/10 
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4.4.2 Reset characteristics 

4.4.2.1 General 

To allow users to determine the behaviour of the relay in the event of repetitive intermittent 
faults or for faults which may occur in rapid succession, relay resetting characteristics shall be 
defined by the manufacturer. The recommended reset characteristics are defined below. 

4.4.2.2 No intentional delay on reset 

For undervoltage relays, for G > (reset ratio) × GS, the relay shall return to its reset state with 
no intentional delay. This reset option can apply to both dependent and independent time 
relays. 

For overvoltage relays, for G < (reset ratio) × GS, the relay shall return to its reset state with 
no intentional delay. This reset option can apply to both dependent and independent time 
relays. 

4.4.2.3 Definite time resetting 

This reset characteristic is applicable to overvoltage and undervoltage protection. Here the 
definite time reset is described for an overvoltage protection. The principle is the same for an 
undervoltage protection.  

For G < (reset ratio) × GS, the relay shall return to its reset state after a user-defined reset 
time delay, tr. During the reset time, the element shall retain its state value as defined by 

( )dt
Gt

Pt

∫
0

1  with tP being the transient period during which G > GS. If during the reset time period, 

the characteristic quantity exceeds GS, the reset timer tr, is immediately reset to zero and the 
element continues normal operation starting from the retained value. 

Following G > GS for a cumulative period causing relay operation, the relay shall maintain its 
operated state for the reset time period after the operating quantity falls below GS as shown in 
Figure 6. Alternatively, the relay may return to its reset state with no intentional delay as soon 
as the operating quantity falls below GS after tripping as shown in Figure 7.  

This reset option can apply to both dependent and independent time elements. A graphical 
representation of this reset characteristic is shown in Figures 6 and 7, for partial and complete 
operation of the element. 
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