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Foreword 

The text of document 95/319/FDIS, future edition 1 of IEC 60255-121, prepared by IEC/TC 95 
"Measuring relays and protection equipment" was submitted to the IEC-CENELEC parallel vote and 
approved by CENELEC as EN 60255-121:2014. 

The following dates are fixed: 

– latest date by which the document has to be implemented at 
national level by publication of an identical national 
standard or by endorsement 

(dop) 2015-01-11 

– latest date by which the national standards conflicting with 
the document have to be withdrawn 

(dow) 2017-04-11 

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

Endorsement notice 

The text of the International Standard IEC 60255-121:2014 was approved by CENELEC as a 
European Standard without any modification. 
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Annex ZA 
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 Normative references to international publications 
with their corresponding European publications 

 The following documents, in whole or in part, are normatively referenced in this document and are 
indispensable for its application. For dated references, only the edition cited applies. For undated 
references, the latest edition of the referenced document (including any amendments) applies. 

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

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

 Publication Year Title EN/HD Year 
IEC 60050 series  International electrotechnical vocabulary - - 
IEC 60255-1 -   Measuring relays and protection equipment 

-- Part 1: Common requirements 
EN 60255-1 -   

IEC 61850 series  Communication networks and systems for 
power utility automation 

EN 61850 series  

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

EN 61869-2 2012  

IEC 61869-5 2011  Instrument transformers -- Part 5: 
Additional requirements for capacitor 
voltage transformers 

EN 61869-5 2011  
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
MEASURING RELAYS AND PROTECTION EQUIPMENT –  

 
Part 121: Functional requirements for distance 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 
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MEASURING RELAYS AND PROTECTION EQUIPMENT –  
 

Part 121: Functional requirements for distance protection 
 
 
 

1 Scope  

This part of IEC 60255 specifies minimum requirements for functional and performance 
evaluation of distance protection function typically used in, but not limited to, line applications 
for effectively earthed, three-phase power systems. This standard also defines how to 
document and publish performance tests.  

This standard covers distance protection function whose operating characteristic can be 
defined on an impedance plane and includes specification of the protection function, 
measurement characteristics, phase selection, directionality, starting and time delay 
characteristics.  

The test methodologies for verifying performance characteristics and accuracy are included in 
this standard. The standard defines the influencing factors that affect the accuracy under 
steady state conditions and performance characteristics during dynamic conditions. It also 
includes the instrument transformer requirements for the protection function.  

The distance protection functions covered by this standard are as follows: 

 IEEE/ANSI C37.2   
Function numbers  

IEC 61850-7-4  
Logical nodes 

Phase distance protection 21 PDIS 

Earth (ground) distance protection 21G PDIS 

This standard does not specify the functional description of additional features often 
associated with digital distance relays such as power swing blocking (PSB), out of step 
tripping (OST), voltage transformer (VT) supervision, switch onto fault (SOTF), trip on reclose 
(TOR), the logic for cross country faults in not effectively earthed networks, and trip 
conversion logic. Only their influence on the distance protection function is covered in this 
standard. The protection of series-compensated lines is beyond the scope of this standard. 

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

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and 
are indispensable for its application. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 60050 (all parts), International Electrotechnical Vocabulary (available at 
<http://www.electropedia.org>) 

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

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

SEK Svensk Elstandard
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IEC 61869-2:2012, Instrument transformers – Part 2: Additional requirements for current 
transformers 

IEC 61869-5:2011, Instrument transformers – Part 5: Additional requirements for capacitor 
voltage transformers 

  

 
 

  
 

 
 

 

 

  
 

 
 

 

  
 
 

  

 

  
 

 
  

  
 

 

  
 

 
 

 

  
 

 
 

 

SEK Svensk Elstandard


	60255-121
	60255-121_svtit
	sek info standard
	EN60255-121{2014}e
	EN60255-121{2014}e
	Foreword
	Endorsement notice

	iec60255-121{ed1.0}b
	English 
	CONTENTS
	FOREWORD
	1 Scope 
	2 Normative references
	3 Terms and definitions
	4 Specification of the function
	4.1 General
	4.2 Input energizing quantities/energizing quantities
	4.3 Binary input signals
	4.4 Functional logic
	4.4.1 Faulted phase identification
	4.4.2 Directional signals
	4.4.3 Distance protection function characteristics 
	4.4.4 Distance protection zone timers 

	4.5 Binary output signals
	4.5.1 General
	4.5.2 Start (pickup) signals
	4.5.3 Operate signals
	4.5.4 Other binary output signals

	4.6 Additional influencing functions/conditions
	4.6.1 General 
	4.6.2 Inrush current 
	4.6.3 Switch onto fault/trip on reclose
	4.6.4 Voltage transformer (VT) signal failure (loss of voltage)
	4.6.5 Power swings
	4.6.6 Behavior during frequencies outside of the operating range


	5 Performance specifications
	5.1 General
	5.2 Effective and operating ranges
	5.3 Basic characteristic accuracy under steady state conditions
	5.3.1 General
	5.3.2 Determination of accuracy related to time delay setting 
	5.3.3 Disengaging time

	5.4 Dynamic performance
	5.4.1 General
	5.4.2 Transient overreach (TO)
	5.4.3 Operate time and transient overreach (SIR diagrams)
	5.4.4 Operate time and transient overreach (CVT-SIR diagrams). 
	5.4.5 Typical operate time

	5.5 Performance with harmonics
	5.5.1 General
	5.5.2 Steady-state harmonics tests
	5.5.3 Transient LC oscillation tests

	5.6 Performance during frequency deviation
	5.6.1 General
	5.6.2 Steady state testing during frequency deviation
	5.6.3 Transient testing during frequency deviation 

	5.7 Double infeed tests
	5.7.1 General
	5.7.2 Single line, double infeed system
	5.7.3 Double line, double infeed system

	5.8 Instrument transformer (CT, VT and CVT) requirements 
	5.8.1 General
	5.8.2 CT requirements


	6 Functional tests
	6.1 General
	6.2 Rated frequency characteristic accuracy tests
	6.2.1 General
	6.2.2 Basic characteristic accuracy under steady state conditions   
	6.2.3 Basic directional accuracy under steady state conditions
	6.2.4 Determination of accuracy related to time delay setting
	6.2.5 Determination and reporting of the disengaging time

	6.3 Dynamic performance
	6.3.1 General
	6.3.2 Dynamic performance: operate time and transient overreach (SIR diagrams)
	6.3.3 Dynamic performance: operate time and transient overreach (CVT-SIR diagrams)
	6.3.4 Dynamic performance: transient overreach tests
	6.3.5 Dynamic performance: typical operate time

	6.4 Performance with harmonics
	6.4.1 Steady state harmonics tests
	6.4.2 Transient oscillation tests (network simulation L-C)

	6.5 Performance during off-nominal frequency
	6.5.1 Steady state frequency deviation tests
	6.5.2 Transient frequency deviation tests

	6.6 Double infeed tests
	6.6.1 Double infeed tests for single line
	6.6.2 Double infeed tests for parallel lines (without mutual inductance)
	6.6.3 Reporting of double infeed test results


	7 Documentation requirements
	7.1 Type test report
	7.2 Documentation

	Annex A (informative) Impedance characteristics
	A.1 Overview
	A.1.1 General
	A.1.2 Non-directional circular characteristic
	A.1.3 MHO characteristic
	A.1.4 Quadrilateral/polygonal

	A.2 Example characteristics
	A.2.1 General
	A.2.2 Non-directional circular characteristic (ohm)
	A.2.3 Reactive reach line characteristic
	A.2.4 MHO characteristic
	A.2.5 Resistive and reactive intersecting lines characteristic
	A.2.6 Offset MHO characteristic.


	Annex B (informative) Informative guide for the behaviour of timers in distance protection zones for evolving faults
	Annex C (normative) Setting example
	Annex D (normative) Calculation of mean, median and mode
	D.1 Mean
	D.2 Median
	D.3 Mode
	D.4 Example

	Annex E (informative) CT saturation and influence on the performance of distance relays
	Annex F (informative) Informative guide for testing distance relays based on CT requirements specification
	F.1 General
	F.2 Test data
	F.3 CT data and CT model

	Annex G (informative) Informative guide for dimensioning of CTs for distance protection
	G.1 General
	G.2 Example 1
	G.3 Example 2

	Annex H (normative) Calculation of relay settings based on generic point P expressed in terms of voltage and current
	H.1 Settings for quadrilateral/polygonal characteristic
	H.2 Settings for MHO characteristic

	Annex I (normative) Ramping methods for testing the basic characteristic accuracy
	I.1 Relationship between simulated fault impedance and analog quantities
	I.2 Pre-fault condition
	I.3 Phase to earth faults
	I.4 Phase to phase faults.
	I.5 Ramps in the impedance plane
	I.5.1 Pseudo-continuous ramp
	I.5.2 Ramp of shots


	Annex J (normative) Definition of fault inception angle
	Annex K (normative) Capacitive voltage instrument transformer model
	K.1 General
	K.2 Capacitor voltage transformer (CVT)

	Figures
	Figure 1 – Simplified distance protection function block diagram 
	Figure 2 – Basic accuracy specification of an operating characteristic
	Figure 3 – Basic angular accuracy specifications of directional lines
	Figure 4 – SIR diagram – Short line average operate time
	Figure 5 – Fault positions to be considered for specifying the CT requirements
	Figure 6 – Test procedure for basic characteristic accuracy
	Figure 7 – Calculated test points A, B and C based on the effective range of U and I 
	Figure 8 – Modified points B’ and C’ based on the limited setting range
	Figure 9 – Position of test points A, B, C, D and E in the effective range of U and I
	Figure 10 – Position of test points A, B’, C’, D and E in the effective range of U and I
	Figure 11 – Quadrilateral characteristic showing ten test points
	Figure 12 – Quadrilateral characteristic showing test ramps
	Figure 13 – Quadrilateral characteristic showing accuracy limits
	Figure 14 – Quadrilateral/polygonal characteristic showing accuracy limits
	Figure 15 – MHO characteristic showing nine test points
	Figure 16 – MHO characteristic showing test ramps
	Figure 17 – Accuracy limits for MHO characteristic
	Figure 18 – Basic directional element accuracy tests
	Figure 19 – Directional element accuracy tests in the second quadrant
	Figure 20 – Directional element accuracy tests in the second quadrant
	Figure 21 – Directional element accuracy tests in the fourth quadrant
	Figure 22 – Directional test accuracy lines in the fourth quadrant
	Figure 23 – Position of the three-phase fault for testing the disengaging time
	Figure 24 – Sequence of events for testing the disengaging time
	Figure 25 – Power system network with zero load transfer
	Figure 26 – Dynamic performance: operate time and dynamic overreach (SIR diagram)
	Figure 27 – SIR diagram for short line: minimum operate time
	Figure 28 – SIR diagram for short line: average operate time
	Figure 29 – SIR diagram for short line: maximum operate time
	Figure 30 – Dynamic performance tests (SIR diagrams)
	Figure 31 – SIR diagram for long line: minimum operate time
	Figure 32 – SIR diagram for long line: average operate time
	Figure 33 – SIR diagram for long line: maximum operate time
	Table 14 – Short line CVT-SIR source impedance
	Figure 34 – Dynamic performance: operate time and dynamic overreach(CVT-SIR diagram)
	Figure 35 – CVT-SIR diagram for short line: minimum operate time
	Figure 36 – CVT-SIR diagram for short line: average operate time
	Figure 37 – CVT-SIR diagram for a short line: maximum operate time
	Figure 38 – Fault statistics for typical operate time
	Figure 39 – Frequency distribution of operate time
	Figure 40 – Ramping test for harmonics
	Figure 41 – Steady-state harmonics test 
	Figure 42 – Simulated power system network
	Figure 43 – Flowchart of transient oscillation tests
	Figure 44 – Simulated voltages (UL1, UL2, UL3) and currents (IL1, IL2, IL3)
	Figure 45 – Transient oscillation tests – Operate time
	Figure 46 – Test points for quadrilateral characteristics
	Figure 47 – Test points for MHO characteristic
	Figure 48 – Test ramp direction for quadrilateral characteristic
	Figure 49 – Test ramp direction for MHO characteristic
	Figure 50 – Steady-state frequency deviation tests
	Figure 51 – Short line model for frequency deviation test
	Figure 52 – Flowchart of transient frequency deviation tests
	Figure 53 – SIR diagrams for frequency deviation tests – average operate time
	Figure 54 – Network model for single line tests
	Figure 55 – Line to earth fault
	Figure 56 – Line to line fault
	Figure 57 – Line to line to earth fault
	Figure 58 – Three-phase fault
	Figure 59 – Network model for parallel lines tests
	Figure 60 – Network model for current reversal test
	Figure A.1 – Non-directional circular characteristic with directional supervision
	Figure A.2 – MHO characteristic
	Figure A.3 – Quadrilateral/polygonal characteristics
	Figure A.4 – Non-directional circular characteristic (ohm)
	Figure A.5 – Reactive reach line characteristic
	Figure A.6 – MHO characteristics
	Figure A.7 – Resistive and reactive intersecting lines characteristics
	Figure A.8 – Offset MHO
	Figure B.1 – The same fault type evolving from time delayed zone 3 (position 1) into time delayed zone 2 (position 2) after 200 ms
	Figure B.2 – Phase to earth fault in time delayed zone 3 (position 1) evolving into three-phase fault in the same zone (position 2) after 200 ms
	Figure C.1 – Setting example for a radial feeder
	Figure C.2 – Phase to earth fault (LN)
	Figure C.3 – Phase to phase fault (LL)
	Figure E.1 – Fault positions to be considered for specifying the CT requirements
	Figure F.1 – Fault positions to be considered
	Figure F.2 – Double source network
	Figure F.3 – Magnetization curve for the basic CT
	Figure F.4 – Secondary current at the limit of saturation caused by AC component with no remanent flux in the CT
	Figure F.5 – Secondary current in case of maximum DC offset
	Figure G.1 – Distance relay example 1
	Figure G.2 – Distance relay example 2
	Figure H.1 – Quadrilateral/polygonal characteristic showing test point P on the reactive reach line
	Figure H.2 – Quadrilateral distance protection function characteristic showing test point P on the resistive reach line.
	Figure H.3 – MHO characteristic showing test point P
	Figure I.1 – Three-line diagram showing relay connections and L1N fault
	Figure I.2 – Voltage and current phasors for L1N fault
	Figure I.3 – Voltages and currents for L1N fault, constant fault current
	Figure I.4 – Voltages and currents for L1N fault, constant fault voltage
	Figure I.5 – Three-line diagram showing relay connections and L1L2 fault
	Figure I.6 – Voltage and current phasors for L1L2 fault
	Figure I.7 – Voltages and currents for L1L2 fault, constant fault current
	Figure I.8 – Voltages and currents for L1L2 fault, constant fault voltage
	Figure I.9 – Pseudo-continuous ramp distance relay characteristic on an impedance plane
	Figure I.10 – Pseudo-continuous ramp showing impedance step change and the time step
	Figure I.11 – Ramp of shots distance relay characteristic on an impedance plane
	Figure I.12 – Ramp of shots showing impedance step change and the time step  
	Figure I.13 – Ramp of shots with binary search algorithm
	Figure J.1 – Graphical definition of fault inception angle
	Figure K.1 – CVT equivalent electrical circuit
	Figure K.2 – Transient response of the 50 Hz version of the CVT model

	Tables
	Table 1 – Example of effective and operating ranges of distance protection
	Table 2 – Recommended levels of remanence in the optional cases when remanence is considered 
	Table 3 – Basic characteristic accuracy for various points (quadrilateral/polygonal)
	Table 4 – Overall basic characteristic accuracy (quadrilateral/polygonal)
	Table 5 – Basic characteristics accuracy for various points (MHO)
	Table 6 – Overall basic characteristic accuracy (MHO) 
	Table 7 – Basic directional accuracy for various fault types
	Table 8 – Basic directional accuracy eαX
	Table 9 – Results of disengaging time for all the tests
	Table 10 – Short line SIR and source impedance for selected ratedcurrent and frequency
	Table 11 – Short line SIR and source impedances for other rated current and frequency
	Table 12 – Long line SIR and source impedances for selected rated current and frequency
	Table 13 – Long line SIR and source impedances for other rated current and frequency
	Table 15 – Transient overreach table for short line 
	Table 16 – Transient overreach table for long line
	Table 17 – Transient overreach table for short line with CVTs
	Table 18 – Typical operate time 
	Table 19 – Typical operate time
	Table 20 – Typical operate time
	Table 21 – Typical operate time (mode, median, mean)
	Table 22 – Steady state harmonics test 
	Table 23 – Capacitance values
	Table 24 – Quadrilateral/polygonal basic characteristic accuracy at fmin and fmax
	Table 25 – MHO basic characteristic accuracy at f min and f max
	Table 26 – Tests without pre-fault load
	Table 27 – Tests with pre-fault load
	Table 28 – Current reversal test
	Table 29 – Evolving faults (only one line affected)
	Table 30 – Evolving faults (both lines affected)
	Table 31 – Double infeed test results
	Table F.1 – Magnetization curve data
	Table G.1 – Fault currents
	Table G.2 – Fault currents
	Table J.1 – Fault type and reference voltage
	Table K.1 – Parameter values for the 50 Hz version of the CVT model
	Table K.2 – Parameter values for the 60 Hz version of the CVT model



	Tom sida
	Tom sida

	60255-121.pdf
	60255-121_svtit
	sek info standard
	EN60255-121{2014}e
	EN60255-121{2014}e
	Foreword
	Endorsement notice

	iec60255-121{ed1.0}b
	English 
	CONTENTS
	FOREWORD
	1 Scope 
	2 Normative references
	3 Terms and definitions
	4 Specification of the function
	4.1 General
	4.2 Input energizing quantities/energizing quantities
	4.3 Binary input signals
	4.4 Functional logic
	4.4.1 Faulted phase identification
	4.4.2 Directional signals
	4.4.3 Distance protection function characteristics 
	4.4.4 Distance protection zone timers 

	4.5 Binary output signals
	4.5.1 General
	4.5.2 Start (pickup) signals
	4.5.3 Operate signals
	4.5.4 Other binary output signals

	4.6 Additional influencing functions/conditions
	4.6.1 General 
	4.6.2 Inrush current 
	4.6.3 Switch onto fault/trip on reclose
	4.6.4 Voltage transformer (VT) signal failure (loss of voltage)
	4.6.5 Power swings
	4.6.6 Behavior during frequencies outside of the operating range


	5 Performance specifications
	5.1 General
	5.2 Effective and operating ranges
	5.3 Basic characteristic accuracy under steady state conditions
	5.3.1 General
	5.3.2 Determination of accuracy related to time delay setting 
	5.3.3 Disengaging time

	5.4 Dynamic performance
	5.4.1 General
	5.4.2 Transient overreach (TO)
	5.4.3 Operate time and transient overreach (SIR diagrams)
	5.4.4 Operate time and transient overreach (CVT-SIR diagrams). 
	5.4.5 Typical operate time

	5.5 Performance with harmonics
	5.5.1 General
	5.5.2 Steady-state harmonics tests
	5.5.3 Transient LC oscillation tests

	5.6 Performance during frequency deviation
	5.6.1 General
	5.6.2 Steady state testing during frequency deviation
	5.6.3 Transient testing during frequency deviation 

	5.7 Double infeed tests
	5.7.1 General
	5.7.2 Single line, double infeed system
	5.7.3 Double line, double infeed system

	5.8 Instrument transformer (CT, VT and CVT) requirements 
	5.8.1 General
	5.8.2 CT requirements


	6 Functional tests
	6.1 General
	6.2 Rated frequency characteristic accuracy tests
	6.2.1 General
	6.2.2 Basic characteristic accuracy under steady state conditions   
	6.2.3 Basic directional accuracy under steady state conditions
	6.2.4 Determination of accuracy related to time delay setting
	6.2.5 Determination and reporting of the disengaging time

	6.3 Dynamic performance
	6.3.1 General
	6.3.2 Dynamic performance: operate time and transient overreach (SIR diagrams)
	6.3.3 Dynamic performance: operate time and transient overreach (CVT-SIR diagrams)
	6.3.4 Dynamic performance: transient overreach tests
	6.3.5 Dynamic performance: typical operate time

	6.4 Performance with harmonics
	6.4.1 Steady state harmonics tests
	6.4.2 Transient oscillation tests (network simulation L-C)

	6.5 Performance during off-nominal frequency
	6.5.1 Steady state frequency deviation tests
	6.5.2 Transient frequency deviation tests

	6.6 Double infeed tests
	6.6.1 Double infeed tests for single line
	6.6.2 Double infeed tests for parallel lines (without mutual inductance)
	6.6.3 Reporting of double infeed test results


	7 Documentation requirements
	7.1 Type test report
	7.2 Documentation

	Annex A (informative) Impedance characteristics
	A.1 Overview
	A.1.1 General
	A.1.2 Non-directional circular characteristic
	A.1.3 MHO characteristic
	A.1.4 Quadrilateral/polygonal

	A.2 Example characteristics
	A.2.1 General
	A.2.2 Non-directional circular characteristic (ohm)
	A.2.3 Reactive reach line characteristic
	A.2.4 MHO characteristic
	A.2.5 Resistive and reactive intersecting lines characteristic
	A.2.6 Offset MHO characteristic.


	Annex B (informative) Informative guide for the behaviour of timers in distance protection zones for evolving faults
	Annex C (normative) Setting example
	Annex D (normative) Calculation of mean, median and mode
	D.1 Mean
	D.2 Median
	D.3 Mode
	D.4 Example

	Annex E (informative) CT saturation and influence on the performance of distance relays
	Annex F (informative) Informative guide for testing distance relays based on CT requirements specification
	F.1 General
	F.2 Test data
	F.3 CT data and CT model

	Annex G (informative) Informative guide for dimensioning of CTs for distance protection
	G.1 General
	G.2 Example 1
	G.3 Example 2

	Annex H (normative) Calculation of relay settings based on generic point P expressed in terms of voltage and current
	H.1 Settings for quadrilateral/polygonal characteristic
	H.2 Settings for MHO characteristic

	Annex I (normative) Ramping methods for testing the basic characteristic accuracy
	I.1 Relationship between simulated fault impedance and analog quantities
	I.2 Pre-fault condition
	I.3 Phase to earth faults
	I.4 Phase to phase faults.
	I.5 Ramps in the impedance plane
	I.5.1 Pseudo-continuous ramp
	I.5.2 Ramp of shots


	Annex J (normative) Definition of fault inception angle
	Annex K (normative) Capacitive voltage instrument transformer model
	K.1 General
	K.2 Capacitor voltage transformer (CVT)

	Figures
	Figure 1 – Simplified distance protection function block diagram 
	Figure 2 – Basic accuracy specification of an operating characteristic
	Figure 3 – Basic angular accuracy specifications of directional lines
	Figure 4 – SIR diagram – Short line average operate time
	Figure 5 – Fault positions to be considered for specifying the CT requirements
	Figure 6 – Test procedure for basic characteristic accuracy
	Figure 7 – Calculated test points A, B and C based on the effective range of U and I 
	Figure 8 – Modified points B’ and C’ based on the limited setting range
	Figure 9 – Position of test points A, B, C, D and E in the effective range of U and I
	Figure 10 – Position of test points A, B’, C’, D and E in the effective range of U and I
	Figure 11 – Quadrilateral characteristic showing ten test points
	Figure 12 – Quadrilateral characteristic showing test ramps
	Figure 13 – Quadrilateral characteristic showing accuracy limits
	Figure 14 – Quadrilateral/polygonal characteristic showing accuracy limits
	Figure 15 – MHO characteristic showing nine test points
	Figure 16 – MHO characteristic showing test ramps
	Figure 17 – Accuracy limits for MHO characteristic
	Figure 18 – Basic directional element accuracy tests
	Figure 19 – Directional element accuracy tests in the second quadrant
	Figure 20 – Directional element accuracy tests in the second quadrant
	Figure 21 – Directional element accuracy tests in the fourth quadrant
	Figure 22 – Directional test accuracy lines in the fourth quadrant
	Figure 23 – Position of the three-phase fault for testing the disengaging time
	Figure 24 – Sequence of events for testing the disengaging time
	Figure 25 – Power system network with zero load transfer
	Figure 26 – Dynamic performance: operate time and dynamic overreach (SIR diagram)
	Figure 27 – SIR diagram for short line: minimum operate time
	Figure 28 – SIR diagram for short line: average operate time
	Figure 29 – SIR diagram for short line: maximum operate time
	Figure 30 – Dynamic performance tests (SIR diagrams)
	Figure 31 – SIR diagram for long line: minimum operate time
	Figure 32 – SIR diagram for long line: average operate time
	Figure 33 – SIR diagram for long line: maximum operate time
	Table 14 – Short line CVT-SIR source impedance
	Figure 34 – Dynamic performance: operate time and dynamic overreach(CVT-SIR diagram)
	Figure 35 – CVT-SIR diagram for short line: minimum operate time
	Figure 36 – CVT-SIR diagram for short line: average operate time
	Figure 37 – CVT-SIR diagram for a short line: maximum operate time
	Figure 38 – Fault statistics for typical operate time
	Figure 39 – Frequency distribution of operate time
	Figure 40 – Ramping test for harmonics
	Figure 41 – Steady-state harmonics test 
	Figure 42 – Simulated power system network
	Figure 43 – Flowchart of transient oscillation tests
	Figure 44 – Simulated voltages (UL1, UL2, UL3) and currents (IL1, IL2, IL3)
	Figure 45 – Transient oscillation tests – Operate time
	Figure 46 – Test points for quadrilateral characteristics
	Figure 47 – Test points for MHO characteristic
	Figure 48 – Test ramp direction for quadrilateral characteristic
	Figure 49 – Test ramp direction for MHO characteristic
	Figure 50 – Steady-state frequency deviation tests
	Figure 51 – Short line model for frequency deviation test
	Figure 52 – Flowchart of transient frequency deviation tests
	Figure 53 – SIR diagrams for frequency deviation tests – average operate time
	Figure 54 – Network model for single line tests
	Figure 55 – Line to earth fault
	Figure 56 – Line to line fault
	Figure 57 – Line to line to earth fault
	Figure 58 – Three-phase fault
	Figure 59 – Network model for parallel lines tests
	Figure 60 – Network model for current reversal test
	Figure A.1 – Non-directional circular characteristic with directional supervision
	Figure A.2 – MHO characteristic
	Figure A.3 – Quadrilateral/polygonal characteristics
	Figure A.4 – Non-directional circular characteristic (ohm)
	Figure A.5 – Reactive reach line characteristic
	Figure A.6 – MHO characteristics
	Figure A.7 – Resistive and reactive intersecting lines characteristics
	Figure A.8 – Offset MHO
	Figure B.1 – The same fault type evolving from time delayed zone 3 (position 1) into time delayed zone 2 (position 2) after 200 ms
	Figure B.2 – Phase to earth fault in time delayed zone 3 (position 1) evolving into three-phase fault in the same zone (position 2) after 200 ms
	Figure C.1 – Setting example for a radial feeder
	Figure C.2 – Phase to earth fault (LN)
	Figure C.3 – Phase to phase fault (LL)
	Figure E.1 – Fault positions to be considered for specifying the CT requirements
	Figure F.1 – Fault positions to be considered
	Figure F.2 – Double source network
	Figure F.3 – Magnetization curve for the basic CT
	Figure F.4 – Secondary current at the limit of saturation caused by AC component with no remanent flux in the CT
	Figure F.5 – Secondary current in case of maximum DC offset
	Figure G.1 – Distance relay example 1
	Figure G.2 – Distance relay example 2
	Figure H.1 – Quadrilateral/polygonal characteristic showing test point P on the reactive reach line
	Figure H.2 – Quadrilateral distance protection function characteristic showing test point P on the resistive reach line.
	Figure H.3 – MHO characteristic showing test point P
	Figure I.1 – Three-line diagram showing relay connections and L1N fault
	Figure I.2 – Voltage and current phasors for L1N fault
	Figure I.3 – Voltages and currents for L1N fault, constant fault current
	Figure I.4 – Voltages and currents for L1N fault, constant fault voltage
	Figure I.5 – Three-line diagram showing relay connections and L1L2 fault
	Figure I.6 – Voltage and current phasors for L1L2 fault
	Figure I.7 – Voltages and currents for L1L2 fault, constant fault current
	Figure I.8 – Voltages and currents for L1L2 fault, constant fault voltage
	Figure I.9 – Pseudo-continuous ramp distance relay characteristic on an impedance plane
	Figure I.10 – Pseudo-continuous ramp showing impedance step change and the time step
	Figure I.11 – Ramp of shots distance relay characteristic on an impedance plane
	Figure I.12 – Ramp of shots showing impedance step change and the time step  
	Figure I.13 – Ramp of shots with binary search algorithm
	Figure J.1 – Graphical definition of fault inception angle
	Figure K.1 – CVT equivalent electrical circuit
	Figure K.2 – Transient response of the 50 Hz version of the CVT model

	Tables
	Table 1 – Example of effective and operating ranges of distance protection
	Table 2 – Recommended levels of remanence in the optional cases when remanence is considered 
	Table 3 – Basic characteristic accuracy for various points (quadrilateral/polygonal)
	Table 4 – Overall basic characteristic accuracy (quadrilateral/polygonal)
	Table 5 – Basic characteristics accuracy for various points (MHO)
	Table 6 – Overall basic characteristic accuracy (MHO) 
	Table 7 – Basic directional accuracy for various fault types
	Table 8 – Basic directional accuracy eαX
	Table 9 – Results of disengaging time for all the tests
	Table 10 – Short line SIR and source impedance for selected ratedcurrent and frequency
	Table 11 – Short line SIR and source impedances for other rated current and frequency
	Table 12 – Long line SIR and source impedances for selected rated current and frequency
	Table 13 – Long line SIR and source impedances for other rated current and frequency
	Table 15 – Transient overreach table for short line 
	Table 16 – Transient overreach table for long line
	Table 17 – Transient overreach table for short line with CVTs
	Table 18 – Typical operate time 
	Table 19 – Typical operate time
	Table 20 – Typical operate time
	Table 21 – Typical operate time (mode, median, mean)
	Table 22 – Steady state harmonics test 
	Table 23 – Capacitance values
	Table 24 – Quadrilateral/polygonal basic characteristic accuracy at fmin and fmax
	Table 25 – MHO basic characteristic accuracy at f min and f max
	Table 26 – Tests without pre-fault load
	Table 27 – Tests with pre-fault load
	Table 28 – Current reversal test
	Table 29 – Evolving faults (only one line affected)
	Table 30 – Evolving faults (both lines affected)
	Table 31 – Double infeed test results
	Table F.1 – Magnetization curve data
	Table G.1 – Fault currents
	Table G.2 – Fault currents
	Table J.1 – Fault type and reference voltage
	Table K.1 – Parameter values for the 50 Hz version of the CVT model
	Table K.2 – Parameter values for the 60 Hz version of the CVT model



	Tom sida
	Tom sida






