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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
INSTRUMENT TRANSFORMERS –  

 
Part 100: Guidance for application of current  

transformers in power system 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. 

The main task of IEC technical committees is to prepare International Standards. However, a 
technical committee may propose the publication of a technical report when it has collected 
data of a different kind from that which is normally published as an International Standard, for 
example "state of the art". 

IEC TR 61869-100, which is a technical report, has been prepared by IEC technical 
committee 38: Instrument transformers. 

The text of this technical report is based on the following documents: 

Enquiry draft Report on voting 

38/469/DTR 38/475A/RVC 

 
Full information on the voting for the approval of this technical report can be found in the 
report on voting indicated in the above table. 
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 

A list of all the parts in the IEC 61869 series, published under the general title Instrument 
transformers, can be found on the IEC website. 

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. 

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

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

Since the publication of IEC 60044-6:19921, Requirements for protective current transformers 
for transient performance, the area of application of this kind of current transformers has been 
extended. As a consequence, the theoretical background for the dimensioning according to 
electrical requirements has become much more complex. For IEC 61869-2 to remain as user-
friendly as possible, the explanation of the background information has been transferred to 
this part of IEC 61869. 

___________ 
1  Withdrawn and replaced by IEC 61869-2:2012. 
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INSTRUMENT TRANSFORMERS –  
 

Part 100: Guidance for application of current  
transformers in power system protection 

 
 
 

1 Scope 

This part of IEC 61869 is applicable to inductive protective current transformers meeting the 
requirements of the IEC 61869-2 standard. 

It may help relay manufacturers, CT manufacturers and project engineers to understand how 
a CT responds to simplified or standardized short circuit signals. Therefore, it supplies 
advanced information to comprehend the definition of inductive current transformers as well 
as their requirements.  

The document aims to provide information for the casual user as well as for the specialist. 
Where necessary, the level of abstraction is mentioned in the document. It also discusses the 
question about the responsibilities in the design process for current transformers.  

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 (all parts), Measuring relays and protection equipment 

IEC 60909-0:2016, Short circuit currents in three-phase a.c. systems – Calculation of currents 

IEC 61869-1:2007, Instrument transformers – General requirements 

IEC 61869-2:2012, Instrument transformers – Additional requirements for current transformers 

3 Terms and definitions and abbreviations 

3.1 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 61869-1:2007 and 
IEC 61869-2:2012  and the following apply. 

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

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

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

3.1.1  
rated primary short circuit current  
Ipsc 
r.m.s. value of the a.c. component of a transient primary short-circuit current on which the 
accuracy performance of a current transformer is based   
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[SOURCE: IEC 61869-2:2012, 3.3.206] 

3.1.2  
rated short-time thermal current  
Ith  
maximum value of the primary current which a transformer will withstand for a specified short 
time without suffering harmful effects, the secondary winding being short-circuited  

[SOURCE: IEC 60050-321:1986, 321-02-22; IEC 61869-2:2012, 3.3.203] 

3.1.3  
initial symmetrical short circuit current   
I”k 
r.m.s. value of the a.c. symmetrical component of a prospective (available) short-circuit 
current, applicable at the instant of short circuit if the impedance remains at zero-time value 

[SOURCE: IEC 60909-0:2001, 1.3.5] 

Note 1 to entry: While Ith is a basic parameter of a plant and of its components, Ipsc is an accuracy requirement, 
and has a determining influence on the saturation behaviour of a current transformer. The protection system will 
ensure tripping at a current I”k, which is usually lower  than Ith. Depending on the protection requirement, a current 
transformer may saturate much before reaching I”k. Therefore, in certain cases, Ipsc may be much lower than I”k. 

3.1.4  
primary current 
Ip 
current flowing through the primary winding of a current transformer 

3.1.5  
secondary current 
Is 
current flowing through the secondary winding of a current transformer 

3.1.6  
angular frequency 
ω 
angular frequency of the primary current 

3.1.7  
time 
t 
time 

3.1.8  
phase angle of the system short circuit impedance 
φ 
phase angle of the system short circuit impedance 

3.1.9  
fault inception angle 
γ 
inception angle of the primary short circuit, being 180° at voltage maximum (see Figure 1) 
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Key 

u primary voltage 

γ fault inception angle 

Figure 1 – Definition of the fault inception angle γ 

3.1.10  
minimum fault inception angle 
γm 
lowest value of fault inception angle γ to be considered in the design of a current transformer 

3.1.11  
alternative definition of fault inception angle 
θ 
inception angle of the primary short circuit, defined as γ – φ 

3.2 Index of abbreviations  

This table comprises Table 3.7 of IEC 61869-2:2012, complemented with the terms and 
definitions given in 3.1.1 to 3.1.11. 

AIS Air-Insulated Switchgear  
ALF Accuracy limit factor 

CT Current Transformer 
CVT Capacitive Voltage Transformer 
Eal  rated equivalent limiting secondary e.m.f. 
EALF secondary limiting e.m.f. for class P and PR protective current transformers 
EFS secondary limiting e.m.f. for measuring current transformers 
Ek rated knee point e.m.f. 
f frequency 
F mechanical load 
Fc factor of construction 
fR rated frequency 
Frel relative leakage rate 
FS instrument security factor 

GIS Gas-Insulated Switchgear  
I”k Initial symmetrical short circuit current 
Îal peak value of the exciting secondary current at Eal  

Icth rated continuous thermal current 
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Idyn rated dynamic current 
Ie exciting current 
IPL rated instrument limit primary current 
Ip primary current 
Ipr rated primary current 
Ipsc rated primary short circuit current 
Is secondary current 
Isr rated secondary current 
IT Instrument Transformer 
Ith rated short-time thermal current 
iε instantaneous error current 
k actual transformation ratio 
kr rated transformation ratio  
KR remanence factor 
Kssc rated symmetrical short circuit current factor 
Ktd transient dimensioning factor 
Ktf transient factor 
Kx dimensioning factor 
Lct non-linear inductance of a current transformer 
Lm linearized magnetizing inductance of a current transformer 

L1,L2,L3 designation of the phases in the electrical three-phase system 
ns number of secondary turns 
Rb rated resistive burden 
Rct secondary winding resistance 
Rs secondary loop resistance 
Sr rated output 
t time 
t’ duration of the first fault 
t’’ duration of the second fault 
t’al  specified time to accuracy limit in the first fault 
t’’al  specified time to accuracy limit in the second fault 
tfr fault repetition time 
Tp specified primary time constant 
Ts secondary loop time constant 
Um highest voltage for equipment 
Usys highest voltage for system 

VT Voltage Transformer  
Δφ phase displacement  
ε ratio error 
εc composite error 

ε̂  peak value of instananeous error 
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